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Thesis summary 
 

Sjögren's syndrome (SjS) is a chronic autoimmune disease that mainly affects the 

exocrine glands and is characterized by the presence of antinuclear antibodies such as 

anti-Ro52 and anti-dsDNA. Our previous analysis of the B lymphocyte repertoire in 

NOD.H-2h4 mice, which spontaneously develop SjS-like disease, showed that these 

mice had a higher frequency of autoreactive/polyreactive B lymphocyte clones that 

increased with age compared to B6 (WT type) mice. No loss of polyreactivity due to 

antibody class switching to IgG or somatic mutation was observed. Furthermore, 

surprisingly, all anti-Ro52 IgG autoantibodies were polyreactive. Given the B-cell 

dysfunction in SjS and the possible involvement of Ro52 in its pathogenesis, we 

hypothesized that polyreactive antibodies recognizing Ro52 might be a key factor in the 

development of the disease. Therefore, we predict that polyreactive anti-Ro52 

antibodies (H2h4.7.50 and H2h4.7.94), obtained from NOD.H-2h4 mice, would induce 

pathogenic phenomena when injected into genetically susceptible mice, whereas the 

polyreactive anti-Ro52 antibody (B6.2.58) obtained from the non-autoimmune B6 strain 

would not induce disease development. On the other hand, we considered the possibility 

of identifying new autoantigens by analyzing our library of monoclonal antibodies 

derived from the NOD.H-2h4 strain.  

Polyreactive anti-Ro52 antibodies were injected into autoimmune MRL/lpr mice 

infected with murine cytomegalovirus, and evaluation of their pathogenic effect was 

performed by measuring serum anti-dsDNA and anti-Ro52 autoantibodies, lymphocytic 

infiltration in exocrine glands, and analyzing lymphocytic subpopulations in spleen and 

bone marrow. The H2h4.7.50 antibody induced increased serum autoantibody levels, as 

well as increased salivary gland infiltration, mainly by CD8 T lymphocytes, which were 

also increased in the spleen. The B6.2.58 antibody, however, showed no effect on 

disease progression. On the other hand, the antibodies selected from the library as 

potential new autoantibodies because of their salivary gland-specific pattern were found 

to be highly polyreactive. In conclusion, the observed pathogenic effects induced by 

H2h4.7.50 indicate the role of polyreactive anti-Ro52 IgG2 antibodies in the 

pathogenesis of SjS. 
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1. Immunological tolerance 

The mammalian immune system has an extraordinary capacity to recognize and respond 

against virtually any foreign antigen or entity that enters the organism through a huge 

and diverse repertoire of specific receptors. However, within this repertoire, there are 

receptors that can recognize self-structures, so the immune system has evolved to 

control this self-response by several genetic and cellular mechanisms. This ability of the 

immune system to avoid damaging self-structures and tissues is known as 

immunological tolerance. When some of these mechanisms are deficient, self-tolerance 

breaks down and consequently self-damage occurs, leading to autoimmunity (Goodnow 

et al., 2005; Brown and Rudensky, 2023).  

During B and T lymphocytes development and maturation, autoreactive cells are 

eliminated or functionally inactivated to avoid their release to the periphery from 

primary lymphoid organs; thymus for T cells, and bone marrow for B cells (Goodnow et 

al., 2005). This process is known as central tolerance (figure 1). However, some 

autoreactive lymphocytes scape central tolerance mechanisms, achieving a mature state 

and reaching peripheral tissues. To avoid self-recognition and response by these 

autoreactive lymphocytes, peripheral tolerance mechanisms take place (Mueller, 2010; 

Brown and Rudensky, 2023).  

1.1. T lymphocytes tolerance 

1.1.1. Central tolerance mechanisms 

During T lymphocytes development, medullary thymic epithelial cells (mTECs) express 

a broad variety of self-antigens, some of them specific from certain peripheral organs. 

This ectopic expression is mediated by Autoimmune Regulator (AIRE) protein, that acts 

as a transcription regulator activating the expression of tissue-restricted antigens. 

Developing T lymphocytes that recognize these self-antigens via T cell receptor (TCR) 

with high affinity are eliminated by a process termed negative selection, since this high 

avidity TCR - self-antigen interaction induces programmed cell death (apoptosis) by 

Bcl-2-interacting mediator of cell death (Bim) activation. Therefore, AIRE is essential 

for immunological tolerance establishment and maintenance. In fact, it has been 

described that loss-of-function mutations in AIRE gene cause a life-threatening 

autoimmune disease called Autoimmune Polyendocrinopathy-Candidiasis-Ectodermal 
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Dystrophy (APECED) (Arstila and Java, 2013; Yamada et al., 2017; Besnard et al., 

2021).  

However, not all the autoreactive T cells are depleted when they recognize self-antigens 

in the thymus. Some of the autoreactive CD4+ T cells evolve into T regulatory (T reg) 

lymphocytes and move to peripheral tissues, where they will be participating in 

peripheral tolerance maintenance and autoimmunity prevention (ElTanbouly and 

Noelle, 2021). Besides, it has been described that a minority of self-reactive T 

lymphocytes have the chance to edit their TCR alpha chain to decrease their 

autoreactivity and continue with their maturation process (Nemazee and Hogquist, 

2003).  

1.1.2. Peripheral tolerance mechanisms 

Autoreactive naïve T cells that scape central tolerance mechanisms, exit the thymus and 

migrate to peripheral tissues, where they are subjected to peripheral tolerance 

mechanisms (figure 1). These mechanisms are:  

o Anergy. It is induced when the T lymphocyte specifically recognizes its antigen 

via TCR (signal 1), but there are no danger signals that activate innate response 

such as those induced by Toll-like receptors (TLR), and consequently there is no 

induction of the expression of co-stimulation receptors in the antigen presenting 

cells (APCs) membrane such as B7.1 (CD80) and B7.2 (CD86). This co-

stimulation deficient signaling after antigen-specific recognition triggers anergy, 

which induces T cell hyporesponsiveness, limiting the T cell response to self-

antigens (Baxter and Hodgkin, 2002; ElTanbouly and Noelle, 2021).  

o Treg suppression. These T regulatory cells can suppress autoreactive T cells 

activation by suppressive cytokines production, such as IL-10 and TGFβ; 

decreasing the activation capacity of APCs via inhibitory receptors such as 

CTLA-4; or metabolic disruption by local IL-2 consumption since Treg cells 

present a high expression of CD25 (alpha chain of IL-2 receptor, IL-2R alpha) 

(Thornton and Shevach, 1998; Sakaguchi et al., 2008).   
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o Deletion. Programmed cell death can be activated through mitochondrial 

(intrinsic) or death receptor (extrinsic) pathways (Griffith and Ferguson, 2011). 

Within extrinsic pathways by death receptors, the best described is Fas (CD95), 

and its interaction with its ligand, FasL (CD178). When a T lymphocyte is 

repeatedly activated, FasL starts being expressed in their membrane, so it binds 

Fas in the same or adjacent lymphocyte surface. This Fas-FasL interaction 

activates a caspase-mediated signaling cascade that induces apoptosis 

(Krammer, 2000; Yamada et al., 2017). Interestingly, defects in Fas-mediated 

apoptosis cause an accumulation of autoreactive T cells, leading to autoimmune 

lymphoproliferative syndrome (ALPS), mainly characterized by cytopenia, 

splenomegaly, lymphadenopathy, autoimmune disorders, and a greatly increased 

lifetime risk of lymphoma (Matson and Yang, 2020). 

 

Figure 1. T lymphocytes central and peripheral tolerance. The top panel represents central tolerance mechanisms 
in thymus, where negative and positive selection takes place. Once cells overcome selection, the migrate to periphery 
as effector cells (CD4+ or CD8+), or as T regulatory cells (T regs). In periphery T cells undergo tolerance 
checkpoints, and autoreactive T lymphocytes will undergo anergy, suppression by Tregs or apoptosis (not shown). 
Figure obtained from Gregersen and Behrens, 2006.  
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1.2. B lymphocytes tolerance 

B cell tolerance is mediated by various checkpoints. Central tolerance occurs at early 

stages of the B cell development in the bone marrow, when B cells express IgM but not 

IgD (IgM+ IgD-). Peripheral tolerance mechanisms occur when B cells co-express IgM 

and IgD receptors in their membrane, can be completely activated and can produce high 

affinity antibodies (Nemazee, 2017: Wang et al., 2020). Interestingly, almost 20% of B 

cells are autoreactive in the periphery of healthy and mature B cell repertoire. It has 

been estimated that a 75% of new-formed B lymphocytes have detectable autoreactivity. 

Therefore, central and peripheral tolerance mechanisms are essential to decrease this 

high autoreactivity level and maintain organism homeostasis (Wardemann et al., 2003; 

Getahun, 2022).  

1.2.1. Central tolerance mechanisms 

B cell central tolerance is mediated by three mechanisms: clonal deletion, receptor 

editing and anergy (figure 2).  First, when an immature B lymphocyte recognizes a self-

antigen that is present at high concentration in the bone marrow, B cell receptors 

(BCRs) get cross-linked, inducing a strong signal to the lymphocyte. This strong signal 

can lead to apoptosis, so this negative selection process is known as clonal deletion. 

Alternatively, depending on the BCR affinity, this strong signal via BCR may induce 

RAG enzymatic reactivation leading to a new light chain rearrangement. This process is 

known as receptor editing (Halverson et al., 2004). This new light chain will create a 

potentially non-autoreactive BCR (Nemazee, 2017).  

However, if BCR recognizes self-antigens with relatively low avidity, these cells will 

become unresponsive or anergic, and they will migrate to the periphery. This anergic 

state is characterized by a desensitized BCR signaling due to chronic exposure to self-

antigens, and the suppression of the differentiation into plasma cells (Verbeek et al., 

2019; Pelanda et al., 2022).  
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Figure 2. B lymphocytes central tolerance mechanisms. At the bone marrow, during B lymphocytes development, 
autoreactive B cells are reduced by central tolerance mechanisms that include clonal deletion, anergy and receptor 
editing. These mechanisms are based on the binding strength between self- antigens present in the bone marrow and 
the BCR expressed on immature cells. Figure based on Bonasia et al., 2021. 

1.2.2. Peripheral tolerance mechanisms

While clonal deletion at bone marrow is an effective mechanism for preventing self-

reactive B cell entering the peripheral repertoire, some B cells will only encounter their 

cognate antigen after migrating to periphery, so peripheral tolerance mechanisms are 

needed (Brink and Phan, 2018) (figure 3). 

Once B cells reach the spleen from bone marrow, they undergo a second round of 

negative selection, so self-reactive transitional B cells, in the spleen, are depleted by 

apoptosis (Überhart and Jumaa, 2015; Yamada et al., 2017). Besides, once autoreactive 

B cells reach peripheral tissues, they can be found either in an ignorant or an actively 

suppressed state. When B autoreactive lymphocytes do not bind the self-antigen they

are specific for, or the interaction avidity is not enough to induce BCR cross-linking, B 

cells will be maintained in an ignorant state. However, autoreactive B cells that do 

interact with their specific self-antigen are actively suppressed. This active suppression 

can be performed by intrinsic or extrinsic mechanisms, and it may lead to apoptosis via 

Bim, through the mitochondrial pathway (Wang et al., 2020; Getahun, 2022). 
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o Intrinsic mechanisms: the absence of specific T helper cell or active suppression 

by Tregs can induce an anergic state of autoreactive B cells. If these cells don’t 

receive enough survival signals, they could finally undergo cell death.  
 

o Extrinsic mechanisms: these mechanisms act limiting the signals that B cells 

require for their activation and are mainly based on the activation of inhibitory 

signaling pathways. The main pathway involved in inhibitory signaling in 

autoreactive B cells is the Lyn-SHP-1-SHIP-1 axis, which is essential to regulate 

the response amplitude via BCR. Besides, it also plays a critical role in 

peripheral tolerance as it prevents autoreactive B cell activation through the 

inhibition of the PI3K cascade, a critical signaling pathway for BCR signaling 

(Pauls and Marshall, 2017; Getahun, 2022). 

Interestingly, B cells have a higher risk of generating peripheral self-reactivity than T 

cells as they can undergo somatic mutations at the immunoglobulin genes in germinal 

centers (GC) that change their BCR affinity for the cognate antigen. When this 

autoreactivity of B cells is increased after somatic hypermutation (SHM), these self-

reactive cells are eliminated in the GC through Fas-FasL interaction (expressed on 

activated B cell surface and on helper T cell membrane respectively). Another essential 

regulatory mechanism here is the expression of FcγRIIb; the co-engagement of BCR 

and FcγRIIb by immunocomplexes (ICs) can, under specific conditions, induce the 

apoptosis of autoreactive B cells in the GC (Verbeek et al., 2019; Wang et al., 2020).    
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Figure 3. B lymphocytes peripheral tolerance mechanisms. In the spleen, transitional B cells that strongly bind 
self-antigens undergo clonal deletion or anergy, while transitional B cells that moderately bind self-antigens mature 
into naïve B cells. Besides, naïve B cells that do not interact with CD4+ TH cells undergo clonal deletion or anergy. 
Figure based on Bonasia et al., 2021. 
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2. Autoimmunity 

At the beginning of the twentieth century, Paul Ehrlich coined the term “horror 

autotoxicus”, that included all those processes in which there is a harmful immune 

response against “self”. Nowadays, it is known as autoimmunity, and it occurs when the 

delicate balance of immune tolerance mechanisms is disrupted, so autoreactive 

lymphocytes are not eliminated or their activation is not suppressed, leading to 

autoimmune diseases.  

2.1. Autoimmune diseases 

Autoimmune diseases affect 3 - 8% of the global population, and it has been estimated 

that around 80% of them are women. This sex difference has been related to female 

hormones, and the immune challenges that women go through during their life, for 

instance during pregnancy. It has been also related to certain X chromosome linked 

genes that are involved in the immune response, such as X-linked gene TLR7, coding 

for Toll like receptor 7, implicated in systemic lupus erythematous (SLE) development. 

Some of the most frequent autoimmune diseases are SLE, rheumatoid arthritis (RA), 

type I diabetes, Crohn's disease, psoriasis, myasthenia gravis, or Sjögren’s Syndrome 

(SjS) (Wilkinson et al., 2022; Brown et al., 2022, Miller, 2023).  

Autoimmune diseases can be classified as systemic (e.g., SLE) or organ-specific (e.g., 

type I diabetes), depending on the cognate self-antigen/s distribution.  They can also be 

classified depending on the effector mechanism: B cell-mediated disease if the main 

effector mechanisms are circulating autoantibodies, or T cell-mediated disease if the 

effector autoreactive T cells are the cells carrying out the tissue damage. Autoimmune 

diseases tend to be chronic and progressive, and tissue damage together with the 

consequent cell apoptosis leads to epitope spreading, inducing autoantigens exposure 

and disease perpetuation. Besides, it is common that once patients develop an 

autoimmune disease, more autoimmune diseases appear. These associations make 

obvious the common genetic underlying mechanisms between certain autoimmune 

diseases (Voight and Cotsapas, 2012; Samuels et at., 2022).  
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Autoimmunity is the result of a complex interaction and combination of different 

factors, such as genetic predisposition, environmental influences, and abnormal immune 

response, for example during viral infections or after a tissue injury or trauma (Xiao et 

al., 2021). Related to genetic factors (table 1), most autoimmune diseases present 

polygenetic and complex genetic profiles. It has been well described the common 

association between different autoimmune diseases with certain human leukocyte 

antigen (HLA) alleles, that determine the haplotype and make individuals prone to 

develop these diseases. For instance, this underlying genetic pathogenesis associated 

with HLA alleles has been evidenced by the high disease concordance found between 

identical twins. More recently, human genome sequencing technology advances have 

allowed the understanding and analysis of how certain haplotypes are overrepresented 

in different diseases populations. This has led to the elucidation that autoimmune 

diseases present a high degree of heritability (Bogdanos et al., 2012; Harroud and 

Hafler, 2023). Some common and well-described HLA-disease associations are HLA-

B27 alleles and ankylosing spondylitis, HLA-DRB1*01/04*/10* and RA, and HLA-

DRB1*0301*/0401* and pemphigus vulgaris. These are HLA-DR or HLA-DQ alleles, 

that code for major histocompatibility complex (MHC) class II molecules, which are 

essential for CD4+ T cell activation and their role in humoral and cellular response, as 

well as in the immune response regulation (Dendrou et al., 2018).  

Apart from HLA genes, there are also certain genes polymorphisms associated to 

autoimmunity. For instance, PTPN22 gene, that codes for tyrosine phosphatase N22, 

has been linked with SLE, RA and type I diabetes; polymorphisms in NOD2 gene, 

which codes for a cytoplasmic microbial sensor, have been related to Crohn's disease. 

Besides, alterations in FCGRIIB gene, which codes for FcγRIIb, have been related with 

SLE (Sidiq et al., 2016; Vang et al., 2018; Verbeek et al., 2019).  

However, autoimmunity is not always caused by multiple genetic factors, but there are 

some rare autoimmune diseases caused by monogenic mutations on AIRE, FAS, or 

CTLA-4 genes, among others, all of them crucial for immune tolerance maintenance 

(Staels et al., 2021).  
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Table 1. HLA alleles, non-HLA polymorphisms, and monogenic mutations association with autoimmune diseases 
predisposition and/or development. 

Gene/s Associated autoimmune disease/s 
HLA allele/s 

HLA-DRB1*01/04*/10* RA 
DRB1*0301*/0401* Pemphigus Vulgaris 
DRB1*0301 and DQA1*0501 Type I diabetes 
DRB1^0301 and BRB1*1501 SLE 

Non-HLA polymorphisms 
PTPN22 AR, type I diabetes 
BLK SLE, RA 
IL10 SLE, type I diabetes 

Monogenic mutations 
AIRE APECED 
FAS/FASL ALPS 

FOXP3 
Immune dysregulation, polyendocrinopathy, enteropathy, X-
linked syndrome (IPEX) 

C4 SLE 

 

Regarding environmental factors, tolerance breakdown can be induced by tissue 

anatomic alterations, due to inflammation after infections, or an injury that leads to self-

antigens exposure that are typically hidden from the immune system in immune-

privileged organs such as testicles or eyes. Others like lifestyle, exposure to certain 

chemicals, for instance due to pollution or smoking, are also risk factors (Xiao et al., 

2021). Regarding infections, pathogens can induce autoimmunity by two main 

mechanisms:  

o Infections induce innate immune responses, for instance binding TLRs, that lead 

APCs activation. This activated APCs start expressing co-stimulatory receptors 

and secreting cytokines that can activate autoreactive T cells in the periphery, 

breaking tolerance. This activation is performed in an antigen-independent 

manner since the activated autoreactive lymphocytes don’t need to be specific 

for any antigen in the infectious agent. This process is known as bystander 

activation (Pacheco et al., 2019). Microbes that bind TLRs on APCs membrane 

can also bind these innate receptors on autoreactive B cell’s membrane, inducing 

their activation, so this will induce autoantibodies production. In fact, TLR7 and 

other innate virus-sensing pathways such as cGAS-STING play an essential role 

in B cell systemic autoimmune diseases' development (Vinuesa et al., 2023).  
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o During infections, pathogen-specific T and B cell clones are expanded. The 

infectious agents present foreign antigens that can have structural similarities 

with self-antigens naturally present in the organism. Thus, in genetically 

susceptible individuals, an infection can favor autoreactive B and T cells 

activation, since they cross-react with self-antigens, leading to autoimmunity. 

This mechanism is known as molecular mimicry, and it has been related to 

Epstein-Barr virus (EBV) and its role in Multiple Sclerosis (MS) or SjS, 

Campylobacter jejuni and Guillain-Barré syndrome (GBS) development, or 

anaerobic microbiota dysbiosis and Inflammatory Bowel Disease (IBD) 

induction. The potential role of cytomegalovirus (CMV) in the induction of SjS 

in susceptible individuals has been also proposed (Rojas et al., 2018, Liu and 

Chu, 2021; English et al., 2023; Soldan and Lieberman, 2023).  

2.2. Autoantibodies: diagnosis and pathogenesis 

Lymphocyte tolerance mechanisms breakdown leads to the presence of autoreactive B 

cells in periphery that differentiate into antibody-secreting plasma cells and produce 

autoantibodies, immunoglobulins that recognize self-antigens. These autoantibodies 

producing B cells can be originated during B cell development in bone marrow, where 

the recombination of variable (V), diversity (D) and junction (J) immunoglobulin genes 

are recombined resulting on an autoreactive BCR; or during SHM of the BCR during 

immune response in GCs, where randomly introduced point mutations in V(D)J genes 

can induce or increase the BCR affinity against a certain self-antigen. The role of SHM 

in autoreactivity induction has been demonstrated for several autoantibodies when these 

points mutations were reverted to germline sequence, showing no detectable affinity for 

the self-antigens (Reed, 2022). Besides SMH, anergic and ignorant autoreactive B cells 

that scaped central tolerance mechanism can be also recruited to GCs, so peripheral 

tolerance is crucial to avoid the activation of these autoreactive B cells. In fact, it has 

been suggested that ignorant self-reactive B cells may be essential for SLE development 

(Ludwig et al., 2017; Brink and Phan, 2018).  

Human case reports and passive transfer experiments in animal models have allowed to 

confirm that several autoantibodies play a key pathogenic role on certain autoimmune 

diseases pathogenesis, causing severe disease manifestations. Besides, several 

autoantibodies are crucial for disease diagnosis, so they are used as very useful 
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biomarkers. However, healthy individuals or asymptomatic patients also have 

autoantibodies in their sera, so it is not always clear whether the presence of an 

autoantibody is causally related to disease pathogenesis. Interestingly, it has been 

described that initially non-pathogenic autoantibodies, after sequence modifications 

during to SHM, could become insoluble so they induce coprecipitation and cause tissue 

damage for instance in kidney or skin, becoming pathogenic (Reed, 2022). 

2.2.1. Autoantibodies in diagnosis 

The detection of autoantibodies is a basic diagnostic tool for autoimmune diseases. 

Several autoantibodies can be detected years before the onset of disease symptoms 

appear. This may indicate that autoimmune diseases are developed in stages, so before 

the clinical manifestations appear, there is a “benign” phase characterized by the 

presence of autoantibodies in serum in the absence of pathology (Reed, 2022). 

The main autoantibodies groups used for the diagnosis of systemic autoimmune 

diseases are the following:  

o Antinuclear antibodies (ANA): are the most common type, and they are directed 

against nuclear components such as histone, DNA, RNA or complexes as 

SSA/Ro and SSB/La among others. ANAs are commonly used for diagnosis of 

several autoimmune diseases such as SLE, SjS, scleroderma, and mixed 

connective tissue disease. It should be noted that these autoantibodies can also 

be found at lower levels in healthy individuals, as well as in neoplastic patients 

or infectious diseases patients (Bossuyt et al., 2020).  

o Anti-neutrophil cytoplasmic antibodies (ANCA): are directed against 

neutrophils and monocytes cytoplasmic proteins; the two major target antigens 

are myeloperoxidase (MPO) and proteinase 3 (PR3). These autoantibodies are 

mainly associated with vasculitic diseases, such as ANCA-associated vasculitis 

or granulomatosis with polyangiitis (GPA) (Nakazawa et al., 2019). 

o Anti-CCP (cyclic citrullinated peptide) antibodies: these antibodies are directed 

against citrullinated peptides present in joints. They are useful for the diagnosis 

of rheumatoid arthritis (Rönnelid et al., 2021).  
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o Anti-thyroglobulin (anti-TG) and anti-thyroperoxidase (anti-TPO) antibodies: 

these are directed against thyroglobulin and thyroperoxidase, respectively, and 

they are used in the diagnosis of autoimmune thyroid diseases, such as 

Hashimoto's thyroiditis and Graves' disease (Fröhlich and Wahl, 2017). 

o Antiphospholipid antibodies (aPL): these antibodies are directed against 

phospholipids and phospholipid-bound proteins. They are associated with 

antiphospholipid syndrome, which can cause abnormal blood clotting and 

pregnancy complications (Schreiber, 2018). 

2.2.2. Role of autoantibodies in pathogenesis 

The fact that an autoantibody is used as a biomarker for a certain autoimmune disease 

diagnosis, doesn’t mean that it plays a role in disease pathogenesis. The transition 

between the “benign” phase, where autoantibodies can be found in sera before disease 

manifestations appear, to the “pathogenic” phase, has been correlated with an increase 

of autoantibodies titer in serum and the accumulation of autoantibody specificities. The 

latter is related to epitope spreading, that can be intramolecular (if autoantibodies 

against different epitopes of the same molecules are generated), or intermolecular (if 

autoantibodies are generated against different molecules that are usually physically 

linked to the initial autoantigen). This epitope spreading induces disease perpetuation, 

and two clinically relevant cases are anti-Sm antibodies in SLE, or anti-Ro/SSA and 

anti-La/SSB antibodies in SjS patients (Reed, 2022).  

To elucidate whether an autoantibody is participating in disease pathogenesis or not, 

three rules were established (Bona, 1991):  

o Disease association: exclusive detection in patients with the disease or 

significantly higher proportion in patients’ sera than in healthy population. 

o In vivo pathogenicity: passive transfer in animal models and/or placental 

transfer to neonate induces equivalent pathology.  

o In vitro pathogenicity: it initiates cellular damage and/or inflammation in 

functional assays.  
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Autoantibodies that meet these three rules are usually responsible for organ-specific 

diseases, where autoantibodies recognize molecules expressed on cell-surface, for 

instance anti-acetylcholine antibodies in myasthenia gravis. On the other hand, 

autoantibodies found in systemic autoimmune diseases such as SLE or SS, commonly 

bind ubiquitous antigens such as nucleic acids or ribonucleoproteins, that are usually 

released due to cellular apoptosis and necrosis (Xiao et al., 2021).  

The pathogenic mechanisms of autoantibodies are diverse and depend on the antibody 

features, for instance the isotype, and the autoantigen, or even the epitope they 

recognize in this autoantigen. The main pathogenic mechanisms are direct cell lysis 

(autoimmune idiopathic thrombocytopenia , immunocomplexes deposition and 

consequent inflammation by complement cascade activation (SLE), neutrophil 

activation (granulomatosis with polyangiitis), cell signaling alteration (pemphigus), 

inflammation induction at the binding site (RA), mimicry of receptor stimulation by 

hormones (Graves' disease), or blockade of neuronal transmission (myasthenia gravis) 

(Ludwig et al., 2017) (figure 4). 

 
Figure 4. Pathogenic mechanisms of autoantibodies. Autoantibodies can induce pathogenesis through different 
mechanisms: mimicry of receptor activation by hormones, blocking neuronal transmission, altered cell signaling, 
neutrophil activation, direct cell lysis and inflammation induction in the binding site. Figure obtained from Ludwig et 
al., 2017.  
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Furthermore, several IgG autoantibodies play a pathogenic role when they are 

transferred across the placenta from maternal bloodstream to the fetus, causing neonatal 

syndromes. Some of the most common maternal autoantibodies-associated neonatal 

diseases are myasthenia gravis (anti-acetylcholine receptor autoantibodies placental 

transfer induces muscle weakness), pemphigus vulgaris (anti-desmoglein 3 

autoantibodies transfer induces epidermis damage), and Graves’ disease (anti-TSH 

autoantibodies transfer causes hyperthyroidism) (Lleo et al., 2010). Moreover, anti-

thyroid antibodies have been directly related to recurrent pregnancy loss in humans 

(D'Ippolito et al., 2020), and it has been also demonstrated in animal models, as the 

injection of anti-TPO IgG autoantibodies derived from Hashimoto’s thyroiditis patients 

induced fetal loss in naïve female mice (Borodina et al., 2021).  

However, the most well-described and studied autoimmune neonatal disease is neonatal 

lupus syndrome (NLS). NLS is a disease observed in neonates born to ANAs 

seropositive mothers, who can have been previously diagnosed for the autoimmune 

disease or be asymptomatic. It has been demonstrated that the autoantibodies that play 

the key role in disease pathogenesis are anti-Ro and anti-La antibodies, since these 

induce a pro-inflammatory cascade once in the fetus that can induce reversible damage, 

such as skin lesions, or severe and irreversible lesions in cardiac tissue than can finally 

lead to congenital heart block (CHB) in the neonate by causing fibrosis of the fetal 

atrioventricular node (Gryka-Marton et al., 2021). Indeed, it was stablished that around 

95% of mothers that gave birth neonates with autoantibody associated CHB were 

positive for anti-Ro52 autoantibodies (Salomonsson et al., 2011). These evidence were 

also demonstrated and enforced by animal models experiments. First, it was described 

that when serum with anti-Ro and anti-La autoantibodies from mothers of children with 

congenital heart block was injected in rats, it caused abnormalities in rat 

electrocardiograms (Mazel et al., 1999). More recently, in a rat model in which maternal 

auto-Ro52 were transferred to pups, a 100% of them developed first-degree 

atrioventricular block. Interestingly, these anti-Ro52 autoantibodies were directed 

against a specific region of Ro52, p200-239 (Ambrosi et al. 2012).  
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2.2.3. Ro52 and anti-Ro52 autoantibodies in autoimmunity 

Ro52, also known as TRIM21, is a multifunctional cytoplasmic protein that acts as a E3 

ubiquitin ligase and belongs to TRIM protein family. It presents essential roles in 

immune host defense and signal transduction, and it has been also related to cell cycle 

regulation. In cell signaling and host immune defense, Ro52 plays a key role in the 

regulation of type I interferon (IFN-I) pathway (crucial for antiviral immune response) 

since it contributes to the activation of IFN-I-inducible genes. Regarding cell cycle 

regulation, it was described that the overexpression of Ro52 results on decreased cell 

proliferation but an increased cell sensitivity to activation-induced cell death (Espinosa 

et al., 2006; Oke and Wahren-Herlenius, 2012). Its ubiquitin ligase activity makes Ro52 

relevant in the degradation of damaged proteins inside the cell. Interestingly, as it can 

also act as an intracellular IgG receptor (FcR), it binds antibody-pathogen complexes 

once these are internalized, and it induces the degradation of pathogen’s proteins inside 

the cell through the proteasome system, contributing to cellular homeostasis and 

intracellular pathogens elimination (Lee, 2017; Caddy et al., 2021). The role of Ro52 in 

antiviral response has also been demonstrated in vivo using Ro52 deficient mice for 

viral infectious models (Vaysburd et al., 2013).  

Historically, the term “anti-Ro/SSA” included both anti-Ro60 and anti-Ro52 

autoantibodies, but later it was identified that Ro52 and Ro60 were different proteins 

and that these were non-homologous; indeed, direct interactions between them have not 

been established. Anti-Ro52 autoantibodies appear in various autoimmune diseases, but 

the most common Ro52-associated diseases are SjS and SLE, where around 67% and 

33% of patients present these autoantibodies in serum respectively. In fact, the presence 

of anti-Ro52 antibodies in serum is one of the main diagnostic criteria in SjS. Beyond 

these two autoimmune diseases, anti-Ro52 autoantibodies have been also found in the 

serum of patients with autoimmune myositis, autoimmune hepatitis type I, primary 

biliary cirrhosis and CHB (Martín-Nares and Hernández-Molina, 2019; Jones et al., 

2021).  
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3. Sjögren’s syndrome 

Sjögren’s syndrome (SjS) is a common and chronic systemic autoimmune disease 

characterized by lymphocytic infiltration in the exocrine glands and B-cell 

hyperreactivity. SjS is the second most common systemic autoimmune disease, and it 

affects from 0.1 to 4.8% population depending on the geographic area. As other 

autoimmune diseases, SjS presents a high female to male ratio (from 9:1 to 16:1), 

similar to SLE. In contrast to SLE, it mainly affects 40-50 aged women (Vivino, 2017; 

Yao et al., 2020).  

Lymphocytic infiltration especially affects the salivary and lacrimal glands, and it 

induces secretory dysfunction causing dryness of mucosal surfaces, mainly in eyes and 

mouth, known as xerophthalmia and xerostomia respectively. However, this secretory 

dysfunction also takes place in nose, upper respiratory tract, and vagina. These 

manifestations are known as sicca symptoms. Interestingly, 25% of SjS patients present 

lymphoid infiltrates organized into structures similar to the GCs of secondary lymphoid 

organs, known as GC-like structures. These structures, that include B and T cells 

aggregates, follicular DCs and activated endothelial cells, provide the suitable 

environment for B cell proliferation, somatic hypermutation and antibody class 

switching, leading to disease progression (Mielle et al., 2021; Blinova et al., 2023).  

Besides sicca symptoms, SjS patients also present heterogeneous extraglandular 

manifestations. Some patients develop cutaneous complications, arthralgias and join 

pain, pulmonary manifestations such as chronic obstructive lung disease, cardiovascular 

manifestations as Raynaud phenomenon, central and peripheral nervous system 

complications, and in obstetrics it can induce autoimmune CHB. Although 

approximately a 90% of patients don’t undergo a severe course of the disease, 5-10% of 

patients develop non-Hodgkin’s B cell lymphoma, with a high mortality rate (Goules 

and Tzioufas, 2019). Additionally, SjS overlap with other systemic autoimmune 

diseases is highly frequent, especially with SLE and RA, and some patients can also 

develop organ-specific autoimmune diseases such as autoimmune thyroiditis or 

autoimmune hepatitis. Given this heterogenicity of patients’ clinical picture, the 

detection of autoantibodies and histological analysis of biopsies are the main diagnostic 

strategies nowadays (Brito-Zerón et al., 2016; Mavragani and Moutsopoulos, 2020). 
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These patients present B cell hyperreactivity that translates into hypergamma-

globulinemia together with high levels of autoantibodies. ANAs are present on the sera 

of 59-85% of patients, although antibodies against Ro/SSA and La/SSB (parts of 

ribonucleoprotein-RNA complexes) are the major autoantibodies in SjS. Anti-Ro52 

(prevalence: 66,7%) and anti-La autoantibodies (prevalence: 49%) are used as 

diagnostic serological markers, and they have been also associated with a higher 

prevalence of extraglandular manifestations and hypergammaglobulinemia. SjS patients 

also present anti-Ro60 (prevalence: 52,1%), anti-RF (prevalence: 36-74%) and anti-

CCP autoantibodies (prevalence: 3-10%), and more recently new SjS autoantigens have 

been identified, such as proteins within aquaporin family. The presence of anti-

aquaporin proteins autoantibodies has been related to lower resting salivary flow and 

more severe xerophthalmia and xerostomia. (Kyriakidis et al., 2014; Martín-Nares and 

Hernández-Molina, 2019). In addition to the presence of these autoantibodies, 

individuals with SjS exhibit significant alterations in the distribution of several B 

lymphocyte subsets, both in blood and the affected exocrine glands (Roberts et al., 

2014; Mielle et al., 2021). 

3.1. Immunopathology 

The mechanisms underlying SjS development and pathogenesis remain unknown, but, 

as SjS is a multifactorial disease, the identification and connection between genetic, 

environmental, and immune system-related factors are helping to elucidate its etiology.  

First, the role of genetic predisposition in the development of SjS has been evidenced. 

Several HLA and non-HLA susceptibility genes have been identified through large-

scale or genome-wide association studies (GWAS), such as HLA-DQ and HLA-DR 

genes (MHC class II genes), IRF5 (involved in TLR downstream signaling and type I 

IFN pathway, and STAT4, involved in the production of IFN). MicroRNAs (miRNAs) 

have been also described as a potential susceptibility factor in SjS pathogenesis, since 

altered levels of certain miRNAs were described in SjS patients’ PBMCs. In addition, 

epigenetic modifications, such as DNA methylation and histone modification, have 

been also related to SjS pathogenesis. Specifically, researchers identified an elevated 

expression of type-I IFN regulated genes on SjS patients’ blood and salivary glands, and 

more recently it has been described that SjS patients present DNA hypomethylation at 

these genes, what leads to their overexpression. These altered methylation levels have 
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been also related to HLA genes such as HLA-DQA1 and HLA-DQB1. Thus, there is 

high evidence that alterations on TLR signaling, and interferon pathways are implicated 

on SjS pathogenesis (Imgenberg-Kreuz et al., 2021; Thorlacius et al., 2023).  

Regarding environmental factors, infections may play a key role in several autoimmune 

diseases’ development. Viral infections have been described as a potential risk factor for 

SjS as they can alter epithelial cells’ biology, leading to overexpression of type I IFN 

genes, causing inflammation and tissue damage (Tian et al., 2021). First, EBV has been 

related to SjS development, as increased levels of EBV DNA have been found in 

PBMCs, salivary and lacrimal gland biopsies, and in tear specimens from SjS patients 

compared to SLE or RA patients, or healthy controls. Interestingly, EBV EBNA-2 

protein shares 5-6 consecutive amino acid residues with Ro60 antigen, and sequence 

similarities have been also found between EBER-1 and EBER-2 EBV proteins and La 

antigen, so EBV could increase the risk and the autoimmune response, taking part in 

SjS development (Liu and Chu, 2021). Human T-cell lymphotropic virus type 1 

(HTLV-1) has been also related to SjS pathogenesis, as increased seroprevalence was 

identified in SjS patients compared to healthy blood donors (23% against 3%). Besides, 

HTLV-1 can infect T and B cells, leading to cell activation and proliferation, and 

HTLV-1 patients present salivary gland lymphocytic infiltration and develop similar 

symptoms to SjS patients (Lima et al., 2016; Liu and Chu, 2021). Other viruses that 

have also been related to SjS pathogenesis are CMV, human herpesvirus type 8, and 

hepatitis C virus (Sandhya et al., 2017).  

One of the major players on SjS development are salivary gland epithelial cells 

(SGECs), as abnormal exocrine gland homeostasis is considered the initial step of SjS 

development.  These cells, which are the main target of the disease, are involved in one 

the most accepted theories about SjS pathogenesis, termed “autoimmune epithelitis”. 

This theory claims that SGECs act as atypical APCs, as they can express CD80 and 

CD86 on their membrane, activating T cells and inducing their differentiation into T 

follicular helper cells (Tfh). Besides, SGECs can produce proinflammatory cytokines, 

inducing immune cells infiltration on exocrine glands. Interestingly, TLRs are also 

expressed on SGECs membrane, specially TLR7 and TLR8, which activation induces 

type I IFN pathway, and their importance on local and systematic SjS manifestations 

has been also evidenced by animal models. However, how these cells get activated is 

still unclear, although it has been related to epigenetic changes and latent viral 
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infections, and autocrine effect of BAFF secretion (Brito-Zerón et al., 2016; 

Kapsogeorgou and Tzioufas, 2020; Zhang et al., 2021). Besides, it has been suggested 

that the interactions between SGECs and B cells may induce SjS pathogenesis by 

multiple mechanisms, driving B cell activation, differentiation, and survival directly by 

cytokines production such as BAFF, or indirectly by the induction of Tfh 

differentiation. Indeed, it has been described that co-cultures of B cells and SGECs 

induce B cell differentiation to mature B cell phenotypes and increase B cell survival 

rate. These results highlight the critical role of SGECs and B cells crosstalk in SjS 

pathogenesis (Nocturne and Mariette, 2018; Du et al., 2021).   

B cells can be involved in autoimmune diseases pathogenesis via various mechanisms: 

as cytokine producers, antigen-presenting cells, or autoantibody secretors. B cells 

hyperreactivity is one of the most important features of SjS, and this overreaction is the 

results of a multistep process, as environmental triggers, together with genetic 

dysregulation induces the stimulation and activation of specific B cell subsets, 

specifically marginal zone (MZ) B cells, memory B cells and plasma cells (Nocturne 

and Mariette, 2018). Regarding MZ B cells, these cells are found to be accumulated in 

SjS patients’ salivary glands, where they contribute to tissue damage by autoantibody 

production, frequently in a T-independent manner (Daridon et al., 2006). MZ B cells 

role in SjS pathogenesis has been well described in mouse models, in which specific 

MZ B cells elimination induced normal saliva secretions and reduced glandular 

lymphocytic infiltration in salivary glands, as well as decreased autoantibody levels in 

serum (Shen et al 2016; Puñet-Ortiz et al., 2018). Moreover, the role of MZ B cells in 

SjS is crucial since these cells are frequently involved in the most severe complication 

of the disease, non-Hodgkin’s B-cell lymphoma development (Demaria et al., 2019). On 

the other hand, memory B cells are also accumulated in the salivary glands of SjS 

patients, and they are involved in the ectopic germinal center-like structures formation 

in the exocrine glands of SjS patients, since they highly express chemokine receptors 

that facilitate infiltration via chemokines produced by SGECs. MZ B cells are also 

found in ectopic GC-like structures; indeed, the presence of these ectopic structures has 

been related to the risk of developing lymphoma (Sène et al., 2018). Besides, the 

number of IgG producing plasma cells in salivary glands has been positively correlated 

with lymphocytic infiltration and serum ANA titers in SjS patients (Szyszko et al., 

2011; Du et al., 2021). Therefore, B cells play a crucial role in SjS pathogenesis, 
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infiltrating exocrine glands, leading to GC-like structures, and producing autoantibodies 

that induce tissue damage and disease progression.  

T cells are also involved in SjS pathogenesis, as they drive disease progression by 

infiltration, pro-inflammatory cytokines production, damage to epithelium by cytotoxic 

functions, and modulating B cell functions. CD4+ T helper (Th) cells are decreased in 

peripheral blood of individuals with SjS compared to healthy donors, probably caused 

by the CD4+ Th cells migration to exocrine glands, since they represent the majority of 

infiltrating lymphocytes in SjS patients’ salivary gland at early disease phase. In fact, 

several genetic studies associate MHC class II alleles and SjS susceptibility, 

highlighting the importance of autoantigens presentation to T cells, and therefore the 

key role of CD4+ Th cells in disease pathogenesis (Verstappen et al., 2021; An et al., 

2022). Both Th1 and Th17 T cells subsets have been related to SjS pathogenesis, and 

interestingly both present restricted clonal diversities with TCR recognizing 

characteristic SjS autoantigens (Ríos-Ríos et al., 2020). Th17 cells are increased in 

patients’ SjS, and higher levels of IL-17 have been detected in saliva, tears and serum of 

patients compared to healthy controls. These results have been also supported by animal 

models, in which Th17 cells depletion ameliorated disease progression, while Th17 

cells adoptive transfer restored disease phenotypes. Besides, IL-17 detection in 

peripheral blood has been also related to expanded γδ T cells (Fasano et al., 2020). 

Regarding CD8+ T cells, also known as cytotoxic T lymphocytes (CTLs), these are 

considered as key players in SjS pathogenesis. CD8+ T cells are increased in SjS 

patients’ blood and salivary gland, and this is correlated with severity of tissue lesions 

(Li et al., 2023). These cells, especially tissue-resident memory CD8+ T cells, secrete 

high levels of IFN-γ, show an hyperreactive state and proliferate abnormally, and they 

induce apoptosis and lysis of acinar epithelial cells in exocrine glands of SjS patients. 

Indeed, in mouse models CD8+ cells are increased both in spleen and salivary gland, 

especially in advanced SjS. In fact, these mouse models studies showed that CTLs can 

alter tight junction integrity and function in epithelial cells of exocrine glands, leading 

to cell death (Barr et al., 2017; Gao et al., 2019; Zhou et al., 2021).  
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3.1.1. Ro52 in Sjögren’s syndrome pathogenesis 

The presence of autoantibodies targeting Ro52 in serum is one of the items with the 

highest weight in the SjS classification criteria (Shiboski et al., 2017). However, no 

direct pathogenic role has been attributed to anti-Ro52 autoantibodies, except in CHB 

disease (Nocturne and Mariette, 2018). Although it has not been elucidated yet whether 

Ro52 is a key autoantigen inducing autoimmune pathogenesis, it has been found to be 

overexpressed both in SjS patients’ peripheral blood mononuclear cells (PBMCs) and 

salivary gland ductal epithelial cells. Indeed, Ro52 higher expression was directly 

correlated with inflammation and lymphocytic infiltration in patients’ salivary glands, 

and anti-Ro52 autoantibodies titers are positively correlated with disease severity. 

(Zintzaras et al., 2005; Aqrawi et al., 2014; Jones et al., 2021).  

Before, it was believed that Ro52 was only exposed by apoptotic cells release, so 

whether it could be key in SjS pathogenesis was not clear. However, it has been 

demonstrated that oxidative stress, which has been described in SjS patients’ salivary 

glands, induces Ro52 exposure in SGECs’ membrane (Jones et al., 2021). Besides, 

Ro52 have been also described to be presented by SGECs via MHC class I after TLR7 

stimulation in vitro (Nishihata et al., 2023). Moreover, it has been also found that APCs 

on SjS patients’ blood express Ro52, and it can be also exposed by SGECs exosomes 

release. Therefore, these findings suggest that Ro52 is crucial in disease pathogenesis 

and further research is needed to demonstrate its role (Kyriakidis et al., 2014; Hillen et 

al., 2020).  

3.2. Treatment and on-going therapies 

SjS therapy is based on symptomatic treatment. Mouth and eyes dryness are treated 

with oral mucolytic agents and tear substitution therapy respectively. Patients also 

receive secretagogues, muscarinic receptor agonists with systemic effect that ameliorate 

secretory dysfunction in exocrine glands.  Besides, extraglandular manifestations are 

treated with conventional immunosuppressive drugs such as glucocorticoids (Brito-

Zerón et al., 2016; Mavragani and Moutsopoulos; 2020).  

However, based on SjS immunopathology findings, several therapies have been 

developed targeting different elements and immune processes. Given the key role of B 

cells in SjS pathogenesis, the most promising findings have been obtained targeting B 
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cells, using Rituximab (anti-CD20) and Tirabrutinib (Btk inhibitor) (Fox et al., 2019; 

Gandolfo and De Vita, 2019). However, despite promising results with Rituximab in the 

first two small trials, the following two larger randomized controlled studies failed to 

demonstrate its efficacy in SjS treatment. Therefore, the major challenge in B cell 

targeted therapy is to achieve specific reduction of disease-related B cell subsets instead 

of total depletion. Regarding T cells, there are also ongoing trials targeting T cells, 

mainly CD80 or CD86, CTLA-4/CD28 and TIGIT/CD226, since these axes have been 

proposed to be crucial in negative immune regulation in SjS patients, leading to T cell 

activation (Nocturne and Mariette, 2018; Ríos-Ríos et al., 2020).  

3.3. Mouse models 

SjS pathogenesis has been extensively studied using mouse models, elucidating roles of 

different cell subsets such as B and T cells and identifying genetic and environmental 

factors that can induce similar symptoms than in human disease. These mouse models 

can be classified in spontaneous, induced models by immunization or infection, and 

transgenic. Although the ideal mouse model for Sjögren’s syndrome doesn’t exist, some 

replicate human disease more closely, including clinical features like dry mouth and 

eyes, histopathological features such as lymphocytic infiltration, serological features 

such as characteristic autoantibodies'’ presence, extraglandular manifestations or genetic 

alterations found in humans (Gao et al., 2020; Abughanam et al., 2021).  

Related to spontaneous mouse models, NOD (Non-Obese Diabetic) derivatives are the 

most commonly used models, especially NOD.H-2h4 mice. This strain is characterized 

by spontaneous development of autoimmune thyroiditis and SjS, and it was obtained 

crossing NOD mice with B10.A (4R) strain. These mice don’t develop diabetes, 

although they present relatively high incidence of mild insulitis. Their H-2K haplotype 

predisposes them to spontaneously develop SjS more frequently in females, maintaining 

sex ratios similar to human disease. Approximately 50% of 12-16 weeks old NOD.H-

2h4 females exhibit lymphocytic infiltration in salivary glands, and this percentage 

increases to 100% in females aged 20-24 weeks (Karnell et al., 2014). This salivary 

gland infiltration leads to GC-like structures, similar to human structures. These mice 

also exhibit SjS characteristic autoantibodies in serum such as anti-Ro52, anti-La and 

anti-dsDNA. Interestingly, these autoantibodies precede the development of ectopic 
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GC-like structures in salivary glands (Bralley-Mullen and Yu, 2015; Puñet-Ortiz et al., 

2018).   

Another common and well-described spontaneous mouse model is MRL/lpr, which 

carries a spontaneous mutation in the gene encoding for Fas. This mutation leads to the 

development of a lymphoproliferative syndrome, being an appropriate model for SLE 

and SjS research. This model also replicates the sex ratio as in humans, and exocrine 

glands' infiltration can be found at 9 weeks old females, primarily in submandibular 

gland. It is also characterized by inflammation of multiple tissues such as skin, joints, or 

kidneys, that progress in an age-dependent manner.  Unlike NOD.H-2h4, this model 

does not exhibit GC-like structures, and they don’t present anti-Ro52 autoantibodies, 

while autoantibodies recognizing ssDNA and dsDNA among other nuclear antigens are 

present in mice sera (Yamada et al., 2017; Li et al., 2018; Gao et al., 2020).  

Regarding immunization-induced mouse models, it has been reported that immunization 

with Ro60 peptides induces SjS-like disease in wild-type mice. After repeated injections 

with an adjuvant, mice developed infiltrates in salivary gland composed by B and T 

cells. This was accompanied by a significant decrease of salivary flow and the presence 

of both anti-Ro60 and anti-La autoantibodies in serum, suggesting intermolecular 

epitope spreading between these two autoantigens (Scofield et al., 2005; Zheng et al., 

2017; Abughanam et al., 2021).  

On the other hand, infection-induced mouse models have been developed using murine 

CMV (MCMV), involving several mouse strains including wild type C57B/6 or 

autoimmunity-prone strains such as B6-lpr/lpr (deficient for Fas) or NZM2328. It is 

important to note that in humans, CMV mainly attacks ductal epithelial cells within 

salivary glands, while in mice, this virus replicates primarily within acinar epithelial 

cells of the submandibular gland. At 28 days post-infection, mice showed salivary gland 

lymphocytic infiltration and autoantibodies recognizing Ro52, La and rheumatic factor 

(RF) in serum. Interestingly, these disease manifestations persisted 100 days after 

infection in autoimmunity-prone mice but not in wild-type mice. This virus-induced 

SjS-like disease in mice provides an opportunity to study SjS pathogenesis and the 

involvement of CMV as environmental trigger. However, it can only be induced in 

autoimmune-prone stains, limiting its utility (Fleck et al., 1998; Ohyama et al., 2006; 

Gao et al., 2020).  
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Finally, several transgenic mouse models have been developed, since they allow 

studying the role of specific elements in SjS pathogenesis. Some of the most significant 

findings have been obtained using BAFF transgenic mice, which develop autoimmune 

symptoms with B-cell hyperactivation, lacrimal gland infiltration, and high levels of 

autoantibodies in serum, including anti-Ro52, anti-La, anti-dsDNA, and anti-RF. 

Moreover, SjS-like disease has been also induced in other transgenic mouse models 

such as HTLV-1, IL-6, IL-10, or IL-12 transgenic mice, among others (Groom et al., 

2002; Gao et al., 2020). 
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4. Natural antibody repertoire and polyreactive antibodies 

4.1. Natural antibodies and polyreactivity definition 

The humoral adaptive immune response has always been associated with the generation 

of high-affinity and monospecific antibodies that usually undergo SHM and affinity 

maturation, leading to a more efficient response over subsequent encounters with a 

specific pathogen. However, in 1983 natural antibodies (NAbs) were first described as 

antibodies capable of binding antigens without prior antigenic exposure, since 

antimicrobial activity was found in sera of humans and animal models that had never 

been exposed or immunized with specific pathogens. Therefore, NAbs represent an 

initial defense recognizing a variety of common and conserved antigens, for instance, on 

microbial surfaces, being the most well-characterized epitopes phospholipids, oxidized 

lipids, glycolipids, and glycoproteins. NAbs can be found in blood and other biological 

fluids such as saliva, colostrum, or cerebrospinal fluid. NAbs are produced by B-1 and 

MZ B cells. B-1 cells are localized in the peritoneal cavity, bone marrow and spleen, 

and they often produce low-affinity polyreactive antibodies against a broad range of 

antigens, including self-antigens and microbial components. MZ B cells also contribute 

to the production of natural antibodies, particularly in response to blood-borne 

pathogens, since their localization in the marginal zone of the spleen allow them to 

rapidly act against pathogens that enter the bloodstream, leading to immune early 

response (Avrameas et al., 2007; Holodick et al., 2017). 

Interestingly, it has been described that a high proportion of NAbs are able to bind 

structurally different antigens. This ability to interact with more than one antigen is 

termed as polyreactivity, and therefore these antibodies are known as polyreactive 

antibodies, also termed multispecific, degenerated or promiscuous antibodies. 

Generally, an antibody is considered as polyreactive when it binds at least 3 or 4 

antigens from a small panel of antigens using an enzyme-linked immunosorbent assay 

(ELISA). These antibodies can simultaneously bind to unrelated antigen as different as 

DNA, lipopolysaccharide (LPS), albumin and insulin. However, when antibodies are 

screened using antigen microarrays that include a broad variety of antigens, it is 

accepted that an antibody that bind two structurally different antigens can be considered 

as polyreactive (Avrameas, 2016).  
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At first, polyreactive antibodies were believed to have lower affinity for antigens, but 

recent studies have confirmed that polyreactive antibodies can also exhibit high-affinity 

properties. In terms of their nucleotide sequences, they mostly resemble germ-line 

sequences with no mutations, although polyreactive antibodies with a low number of 

mutations in their nucleotide sequences can also be found. Initially, NAbs were thought 

to be unmutated and not subject to affinity maturation processes through SHM. It was 

believed that their presence contributed to diversifying an individual's antibody 

repertoire and that after encountering an antigen, B lymphocytes producing polyreactive 

antibodies undergo affinity maturation, increasing their affinity while losing their 

polyreactivity. Nevertheless, it has been demonstrated that the presence of mutations 

doesn't necessarily result in the loss of polyreactivity. In fact, it has been suggested that 

these mutations could potentially enhance the flexibility of the antigen-binding site, 

indicating that polyreactivity may not depend on maturation status, but rather on the 

inherent capacity of a paratope to adopt various structural conformations (Dimitrov et 

al., 2013; Holodick et al., 2017).  

Although NAbs repertoires from one individual to another can differ, it has been 

described that the NAbs repertoire within one individual is stable with aging both in 

children and adults. Moreover, IgM is the most frequent isotype among polyreactive 

antibodies, although IgG, IgA and IgE can be also found. These NAbs repertoires also 

depend on environmental stimuli, since it was described that in mice housed under 

germ-free conditions, the levels of IgG, IgA and IgE NAbs is decreased compared to 

mice housed under conventional conditions, while IgM levels were maintained. Thus, it 

has been suggested that IgG, IgA and IgE NAbs need an exogenous antigenic contact, 

while IgM NAbs production is independent from this external stimulation. On the other 

hand, in healthy individuals, after B cell negative selection during maturation, 

approximately a 4% of naïve B cell present polyreactive BCRs; however, a 23% of IgG+ 

memory B cells and 25% of IgA+ intestinal cells produce polyreactive antibodies, while 

in newborns this percentage has been estimated to reach 50% of the B cell repertoire 

(Zhou and Notkins, 2004; Dimitrov et al., 2013).  
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4.1.1. Polyreactive antibodies molecular and structural mechanism 

How polyreactive antibodies are able to bind structurally different antigens has been 

broadly studied from their nucleotide sequence to their structural conformations. 

Sequencing studies have confirmed that there is no correlation between variable heavy 

chain (VH) and variable light chain (VL) gene segments usage and polyreactivity. 

However, mutagenesis studies described the importance of CDR3 of the VH region, 

although other regions including CDR1, CDR2, frameworks and distant Ig regions 

should be also considered to contribute to polyreactivity. Indeed, it has been suggested 

that longer CDR3 region and aminoacidic sequence containing more hydrophilic 

residues could be key for polyreactivity, although no concluding results have been 

obtained (Torres and Casadevall, 2008; Boughter et al., 2020). 

Experimental findings have indicated that polyreactive antibodies might employ distinct 

molecular mechanisms to bind structurally different antigens (figure 5). First, 

polyreactive antibodies might adopt a new configuration depending on the specific 

target antigen. This mechanism of binding is known as induced-fit model, which is also 

the proposed model for substrate-enzyme interactions (figure 5A). In contrast to the 

induced-fit model, the conformational isomerism model hinges on an equilibrium 

among all potential conformations of the polyreactive antibody. Consequently, the 

antibody shows diverse structural isoforms as it interacts with different target antigens 

(figure 5B). Furthermore, in addition to hypotheses centered around antibody binding 

site flexibility, the interaction model is based on experimental evidence that 

demonstrated that an antigen could bind not only to the antigen binding site but also to 

alternative sites on the antibody, leading to polyreactivity (figure 5C) (Dimitrov et al., 

2013).  
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Figure 5. Antibody polyreactivity proposed molecular mechanisms. Three distinct molecular mechanisms have 
been suggested to elucidate how polyreactive antibodies interact with antigens that vary in structure. These 
mechanisms include the induced fit model (A), conformation isomerism model (B), and differential epitope 
positioning (C). Figure based on Dimitrov et al., 2013.

4.1.2. Physiological functions of natural antibodies

The main requirements for an antibody to be consider as a natural antibody are (1) the 

capacity to perform a protective, regulatory, or some other form of biological function, 

and (2) to have been produced previously to antigen exposure. Regarding biological 

functions, NAbs contribute to interconnecting both innate and adaptive immune 

response (Panda and Ding, 2015), and they play an important role defending the 

organism against bacterial, viral, and fungal infections such as S. pneumoniae, sepsis, 

Borrelia hermsii, or influenza virus among others. In fact, polyreactive antibodies delay 

pathogens propagation acting as a first barrier, increasing pathogen destruction by 

complement cascade activation or phagocytosis induction by macrophages. Importantly, 

the major protective function of NAbs is the active clearance of tissue and cell debris 

that follow degradation and apoptosis, leading to the control of inflammation and thus to 

tissue regeneration. Moreover, NAbs take part in B cell development, regulation and
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repertoire selection, allergic suppression, and protection from cancer among other 

diseases. In fact, it has been proposed that NAbs can act as a buffer when the levels of 

endogenous molecules such as cytokines, anaphylatoxins, hormones, or danger-

associated molecular patterns (DAMPs) abruptly change, preventing autoimmune 

diseases (Lutz et al., 2009; Avrameas 

and Selmi, 2013; Holodick et al., 

2017).

Therefore, NAbs play an essential role 

in key functions that maintain organism 

homeostasis (figure 6). Interestingly, 

these protective functions of NAbs 

have been related to their glycosylation 

pattern, that differs from conventional 

mono-specific antibodies (Panda and 

Ding, 2015).

4.2. Polyreactive antibodies in pathogenesis

Polyreactive antibodies have been related to several infectious, inflammatory, and 

autoimmune diseases. However, it is still not clear whether these antibodies are 

produced only as a result of B cell dysregulation induced by disease, or if they are 

constitutively produced and performing biological and immunoregulatory functions 

participating in disease pathogenesis (Avrameas et al., 2018).

The protective role of polyreactive antibodies in infectious diseases have been broadly 

studied, and it has been also demonstrated using different infection mouse models. For 

instance, it was described that monobacterial and polymicrobial sepsis induction in Cd6 

-/- mice results in lower survival rates, increases bacterial loads and pro-inflammatory 

cytokine levels. These results were explained based on the decrease of B-1a and MZ B 

cells and the subsequent decrease of natural polyreactive antibodies in these mice. 

Interestingly, when adoptive transfer with wild-type mouse sera or the injection of a 

Figure 6. Natural antibodies characteristics graphical scheme. The outer circle (in green) represents the diversity 
of Nabs' functions, the inner circle (in blue) depicts the epitope recognition by Nabs, the inner circle (in purple) 
displays the possible isotypes of Nabs, and the central circle (in light orange) highlights the cells known to produce 
Nabs. This scheme is based on the work by Holodick et al. in 2017 (Holodick et al., 2017).
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polyreactive monoclonal antibody improved Cd6 -/- survival rates post-sepsis (Català et 

al., 2022). Moreover, these protective results were also confirmed in a fungal infection 

mouse model using Cryptococcus neoformans, in which the injection of polyreactive 

IgM improved phagocytosis and mice survival (Subramaniam et al., 2010; Nguyen et 

al., 2015). Moreover, infections by Influenza, Hepatitis C, Dengue or Human 

Immunodeficiency Virus (HIV) viruses have been shown to induce the production of 

polyreactive antibodies that recognize different viral structures. Importantly, elevated 

levels of polyreactive antibodies have been described in HIV-infected individuals 

compared to healthy individuals, although how and why these antibodies are produced 

is still not clear.  

Within the antibody repertoire of HIV-infected individual, broadly neutralizing 

antibodies (bNAbs) can be found, defined as those capable of neutralize the wide viral 

diversity. These bNAbs exhibit at least one of the following three defining features: 

high frequency of SHM, an elongated CDR3 region in heavy chain, or notable levels of 

poly- or autoreactivity (Finney and Kelsoe, 2018). Importantly, these polyreactive 

antibodies are highly mutated, what indicates that B cells that produced them have been 

positively selected (David et al., 2018); these mutations are accumulated in both 

variable and framework regions, contributing to thermodynamic stability and increased 

flexibility (Klein et al., 2013; Avrameas, 2016). Moreover, it has been hypothesized that 

HIV and NAbs repertoire co-evolve, as HIV has a high mutation rate (Doria-Rose and 

Landais, 2019). Indeed, various antibodies recognizing a highly conserved region of the 

Env gp41 viral protein were characterized as polyreactive, inducing virus neutralization 

(Molinos-Albert et al., 2017; Prigent et al., 2018). 

However, polyreactive antibodies binding to viral particles is not always translated in 

neutralization. Despite the well described protective role of natural antibodies in HIV 

infection, it has been described that in certain cases, polyreactive antibodies may 

activate antibody dependent cellular cytotoxicity (ADCC) against CD4+ T 

lymphocytes, contributing to Acquired Immune Deficiency Syndrome (AIDS) (Wang et 

al., 1999). Moreover, in other infections such as Dengue, polyreactive antibodies 

binding induces virion entry to cell, thus promoting disease progression (Warter et al., 

2012). 
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On the other hand, in B cell malignancies such as chronic lymphocytic leukemia (CLL), 

Mucosa-Associated Lymphoid tissue (MALT) lymphoma or splenic MZ lymphoma, 

polyreactive BCRs play a critical role in pathogenesis as they act inducing continuous 

stimulation and transmission of survival signals to the transformed B cells clones. 

Indeed, a more aggressive disease progression was described in CLL patients with 

higher levels of polyreactive BCR (Kölher et al., 2008; Lobo, 2016).  

Polyreactive antibodies have been also related to autoimmune disorders. For instance, a 

high prevalence of B cells with polyreactive BCRs has been described in SLE and RA 

patients, that may be induced by B cell tolerance checkpoints disruption and 

dysregulation. Polyreactive antibodies in autoimmune diseases may participate in 

pathogenesis binding several autoantigens and inducing pro-inflammatory responses. 

However, differences between protective or detrimental polyreactive antibodies have 

still not been elucidated, but it may be related to changes in affinity, isotype, and 

specificity for disease-associated antigens. It has been proposed that ineffective 

clearance of apoptotic cells by polyreactive antibodies could lead to autoimmune 

diseases development, and infections by bacteria or viruses could play a key role in the 

dysregulation of NAbs producing B cells, leading to immunopathological state in which 

polyreactive antibodies participate (Sethi et al., 2006; Dimitrov et al., 2013; Panda and 

Ding, 2015). Interestingly, it was demonstrated that human polyreactive antibodies 

isolated from SLE patients are able to bind mouse glomeruli and their administration to 

mice brain resulted in neurologic damage, revealing their potential pathogenic role 

(Herzog and Jumaa, 2012). 

Finally, polyreactive antibodies also contribute to allergic responses, since polyreactive 

IgE antibodies may continuously promote survival, cytokine secretion, and 

degranulation of mast cells, inducing pathogenesis (Kashiwakura et al., 2012).   

In conclusion, a complete and healthy B cell repertoire consist of both monospecific and 

polyreactive antibodies. The former will provide fidelity and establish an efficient 

memory response, while polyreactive antibodies will provide adaptability and 

evolvability, establishing a physiological balance between protective and detrimental 

antibodies in order to avoid pathogenic effects (Dimitrov, 2020) (figure 7). 
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Figure 7. Beneficial and detrimental role of polyreactive antibodies. Beneficial roles of polyreactive antibodies 
include that these act as a first line of defense, repertoire diversification, immune tolerance maintenance, and 
apoptotic cells clearance. Detrimental roles of polyreactive antibodies include perpetual cell stimulation, cell 
stimulation that can induce allergy responses, and tolerance breakdown through self-molecules and cells binding. 
Figure obtained from Dimitrov et al., 2013.  

4.3. B cell antibody repertoire in a mouse model of Sjögren’s syndrome 

B cell hyperactivity, one of the hallmarks of SjS, is a consequence of chronic antigenic 

stimulation, which starts polyclonally but can progress to monoclonal B cell 

lymphoproliferation, leading to B cell lymphoma development (Goules and Tzioufas, 

2019). In susceptible individuals, chronic B cell stimulation leads to autoreactive B cell 

clones’ expansion by a deficient negative selection that might lead to an increase in the 

generation of polyreactive antibodies. In the context of SjS, there exists a limited 

comprehension of the underlying mechanisms that contribute to the progression and 

emergence of autoreactivity within B cells. However, chronic pro-inflammatory 

stimulation by activated epithelium and SGECs apoptosis may induce the expansion of 

already present natural autoreactive lymphocytic clones, producing polyreactive 

antibodies that may participate in the pro-inflammatory response (Moutsopoulos, 2014). 
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In our lab, we performed a B cell antibody repertoire analysis in the spontaneous mouse 

model of SjS NOD.H-2h4. We hypothesized that within aged SjS mice, there would be 

an elevated occurrence of self-reactive B cells, reflecting impaired tolerance 

checkpoints. Besides, under chronic antigen exposure, B cell clones producing 

polyreactive and autoreactive IgM antibodies might switch to IgG, changing their 

specificity and becoming high affinity and monospecific. Furthermore, we predicted 

that B cells in SjS mice could evolve to oligoclonality progressively using a more 

restricted V gen segments. We generated a library of 168 hybridomas from 28, 47 and 

66-week old NOD.H-2h4 females and tested the reactivity of the secreted monoclonal 

antibodies and determined the gene usage of heavy and light chains variable gene 

segments. Additionally, we also generated a collection of 186 hybridomas from 

C57BL/6J (thereafter named B6) females as non-autoimmune control strain (Sáez et al., 

2021).  

First, our results showed elevated frequency of polyreactive B cell clones in SjS mice 

that increased with age (figure 8). The frequency of both IgM and IgG autoreactive 

antibodies was significantly increased in SjS mice compared to B6 wild-type mice. 

Within SjS mice, a significant increase was observed in the frequency of autoreactive 

IgG antibodies, reaching a 61% of total IgG antibodies in 66 weeks old mice. These 

date showed that autoreactive B cells dominate the B cell repertoire of NOD.H-2h4 mice.  

Giving the importance of Ro52 in SjS diagnosis and pathogenesis, we also determined 

the frequency of anti-Ro52 antibodies within NOD.H-2h4 antibody repertoire. B cells 

from old SjS mice (over 40 weeks) showed a higher frequency of anti-Ro52 antibodies 

compared to B6 mice for both IgM and IgG antibodies, and the percentage of anti-Ro52 

IgGs increased with age reaching a 50% of the antibody repertoire in 66 week old mice. 

Additionally, we also determined polyreactivity by ELISA using a panel of six 

structurally unrelated molecules including dsDNA, histone 1 (H1), Ro52, LPS, insulin 

and ovalbumin (OVA). Interestingly, a higher frequency of polyreactive antibodies was 

obtained for both IgM and IgG in SjS mice compared to B6 at all ages. Moreover, it was 

observed that this polyreactivity frequency increased with age, reaching more than 50% 

in 66 week old mice. These results demonstrated that, in SjS old mice, most of the 

autoreactivity corresponds to polyreactive antibodies.   
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Figure 8. Frequency of polyreactive antibodies derived from NOD.H-2h4 and C57BL/6J mice. Antibody 
reactivity against dsDNA, H1, Ro52, LPS, Insulin, and OVA was assessed by ELISA. Pie charts illustrate the 
distribution of antibodies based on their reactivity: polyreactive (reactivity with ≥ 3 antigens) antibodies are 
represented in dark blue, reactive (reactivity with one or two antigens) antibodies in light blue, and non-reactive 
antibodies in white. The data are presented for each age group (NOD.H-2h4: 28, 47, and 66 weeks old in panel A; 
C57BL/6J: 26, 47, and 69 weeks old in panel B) and for both IgM and IgG isotypes. The number of antibodies tested 
is indicated at the center of each pie chart. Figure obtained from Sáez et al., 2021.  

In order to characterize antibody polyreactivity, we performed a semiquantitative 

reactivity analysis of the polyreactive antibodies with the antigens included in our panel 

(figure 9). Importantly, we observed an increase in the antigen binding reactivity of the 

IgG antibodies from aged SjS mice, while this was not observed for IgM antibodies and 

IgG antibodies from B6 mice. Surprisingly, one of our most relevant observations was 

that all antibodies reactive with Ro52 were polyreactive.  
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Figure 9. Polyreactivity profile of antibodies derived from NOD.H-2h4 and C57BL/6J mice. Heat maps depict 
the antibody binding patterns to a set of chosen antigens, including dsDNA, H1, Ro52, LPS, Insulin, and OVA. The 
data are derived from hybridomas originating from two different mouse strains, NOD.H-2h4 (panel A) and C57BL/6J 
(panel B). Color intensity within the heat maps corresponds to the level of reactivity as measured by ELISA, with 
darker shades of green indicating strong binding, moderate binding represented by lighter green, and low or no 
binding indicated by white. Figure obtained from Sáez et al., 2021. 

Besides, we also analyzed repertoire oligoclonality 

by VH and VL gene segments sequencing. We 

observed that, for both NOD.H-2h4 and B6 strains, 

the variable gene segments repertoire was very 

heterogeneous, the CDR3 length was between 

standard ranges and that most IgM antibodies 

presented nearly germline encoded sequences. 

Interestingly, the majority of polyreactive IgG 

antibodies were IgG2b subclass in NOD.H-2h4

mice, whereas most of B6 polyreactive antibodies 

corresponded to IgG3 (figure 10). 

In 66 week old SjS mice, we observed two sets of identical sequences from IgG 

antibodies. First, H2h4.7.21 and H2h4.7.25 antibodies had the same variable sequence 

and gene segment usage, with multiple R amino acids in their heavy chain CDR3 

regions, which have been related to polyreactivity. In addition, H2h4.7.8, and 
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H2h4.7.50 shared the same sequence, while H2h4.7.94, which uses the same variable 

gene segments both in heavy and light chains, presented three and two extra mutations 

in the heavy and light chain respectively compared with the other two related clones 

(figure 11). Therefore, these results indicated a high level of oligoclonality in these 

mice. Indeed, when antigen reactivity strength of these five polyreactive antibodies that 

correspond to the two expanded clones (H2h4.7.21 and H2h4.7.25; H2h4.7.8, 

H2h4.7.50 and H2h4.7.94) was tested, we observed that H2h4.7.94 antibody presented 

an important increase in its reactivity strength compared to its two clonally related 

antibodies H2h4.7.8 and H2h4.7.50. Besides, H2h4.7.94 showed a stronger cytoplasmic 

staining when tested against HEp-2 cells by immunofluorescence.  Therefore, these data 

showed that antigen driven somatic mutation is able to increase the affinity of 

autoreactive clones maintaining the levels of polyreactivity. 

 
Figure 11. Affinity of polyreactive antibodies. Affinity determination of polyreactive antibodies (H2h4-7-8, H2h4-
7-21A, H2h4-7-25A, H2h4-7-50, and H2h4-7-94A) for dsDNA, H1, Ro52, LPS, Insulin, and OVA by ELISA (A). 
Antibodies sharing identical IGHV and IGKV sequences are represented in either blue or orange, while H2h4-7-94A, 
shown in dark blue, carries additional mutations compared to H2h4-7-8 and H2h4-7-50, depicted in light blue. 
Additionally, representative immunocytochemistry images of HEp-2 cells are provided, illustrating the cellular 
patterns associated with each antibody (B). Figure obtained from Sáez et al., 2021.  
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In conclusion, the results from the B cell antibody repertoire analysis revealed that the 

majority of IgG+ B cells are polyreactive and maintain sequences near germline. 

Furthermore, there is an expansion of these polyreactive IgG B cells, probably 

following an unknown antigen-driven positive selection process. Consequently, 

studying the possible pathogenicity of these IgG2 polyreactive antibodies that recognize 

Ro52 could provide deeper insights into the mechanisms underlying SjS pathogenesis.  
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The main hypothesis of this project is that polyreactive antibodies that recognize 

autoantigens could lead to Sjögren’s syndrome development. Giving the B cell 

dysfunction in SjS and the potential role of Ro52 in its pathogenesis, we hypothesize 

that polyreactive antibodies that recognize Ro52 might be a key factor for disease 

development. Thus, we predict that anti-Ro52 polyreactive antibodies (H2h4.7.50 and 

H2h4.7.94), obtained by monoclonal antibody generation technology from autoimmune 

NOD.H-2h4 mice, will induce an increase of SjS characteristic autoantibodies in mice 

sera and higher infiltration rate in exocrine glands, as well as extraglandular 

manifestations such as kidney tissue damage and alterations in lymphocytic 

subpopulations in spleen and bone marrow, when tested in vivo in autoimmune prone 

mice. In contrast, anti-Ro52 polyreactive antibodies (B6.2.58) obtained from a non-

autoimmune mouse strain, will not induce disease development. In addition, we also 

hypothesize that new autoantigens remain to be discovered and they could be identified 

using our library of monoclonal antibodies obtained from NOD.H-2h4.  
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The overall aim of this project is to uncover the pathogenic mechanisms underlying the 

B cell dysfunction in SjS. The objectives of this project are:  

1. Study the pathogenic role of polyreactive autoantibodies that recognize Ro52 using 

monoclonal antibody generation technology.  
 

2. Optimize an infection mouse model of SjS using the autoimmune prone strain 

MRL/lpr infected with murine cytomegalovirus (MCMV) to study the pathogenic 

role of polyreactive antibodies in vivo.  
 

3. Determine disease development by anti-Ro52 and anti-dsDNA autoantibodies 

measurement in mouse sera.  
 

4. Examine histopathological effects of anti-Ro52 polyreactive antibodies measuring 

lymphocytic infiltration in exocrine glands and tissue damage in extraglandular 

tissues.  
 

5. Examine the effects of anti-Ro52 polyreactive antibodies analyzing potential 

alterations in lymphocytic subpopulations in spleen and bone marrow.  
 

6. Identification and characterization of autoantibodies against new autoantigens. 
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1. Hybridoma culture and subcloning 

1.1. Hybridoma culture and subcloning 

Selected hybridoma clones were thawed and cultured in T25 flasks (SPL Life Sciences) 

in 8 mL of HAT+HFCS selective medium. In order to ensure monoclonal but not 

polyclonal antibodies production, hybridoma subcloning was performed. Once 

hybridomas were approximately 80% confluent, cells were counted, and 800 cells were 

placed in a 50 mL tube with 20 mL of HAT+HFCS selective medium. (see table 2) A 

1/2 serial dilution was performed three times in 20 mL final volume of HAT+HFCS 

medium, so a final dilution of 1/8 containing 100 cells was obtained. Dilutions (800, 

400, 200 and 100) were plated to a half 96 well plate (200 μL/well) and plates were 

incubated in a humidified incubator at 37ºC in 5% CO2. Wells were followed to ensure 

that only one hybridoma clone was expanding in the 100 cell dilution; when clones 

were expanded enough, supernatants were tested for IgG production by ELISA.  

96 well microplate for EIA/RIA (Corning®) were coated with Goat anti-mouse IgG 

(Sigma) at 3 μg/ml at 4ºC overnight (O/N). After incubation, plates were washed twice 

with PBS 1X (200 μL/well) and blocked with PBS-BSA 2% (150 μL/well) for one hour 

at 37ºC. Then, three washes with PBS-Tween 0’001% (200 μL/well) were performed, 

and hybridoma clones’ supernatants were plated at 1/20 dilution in PBS-BSA 2% (100 

μL/well). After one hour incubation at room temperature (RT), plates were washed three 

times with PBS-Tween 0’001% and Horseradish Peroxidase (HRP)-conjugated goat 

anti-mouse IgG (Sigma) was added (100 μL/well) as secondary antibody for 30 minutes 

at RT. ELISA plates were washed three times PBS-Tween 0’001% and twice with PBS 

1X. Finally, microplates were developed using TMB (BD Bioscience) and reaction was 

stopped with 2M H2SO4. Microplates were read with an EPOCH Microplate 

Spectrophotometer (BioTek) at 450-570 nm.  

Once IgG production and reactivity was confirmed, clones were selected and then 

expanded to a 24 well plate and then cultured in T25 flasks with HAT+HFCS medium. 

In order to obtain enough antibody quantity to perform the in vitro and/or in vivo assays, 

hybridomas were expanded to T125 flask, and cultures were left in the incubator for 

weeks in order to obtain enriched supernatants.  
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1.2. Hybridoma freezing 

For hybridoma cryopreservation, cell suspension was placed into 15 mL tubes and then 

centrifuged for 5 minutes at 1500 rpm at room temperature (RT). After centrifugation, 

supernatants were carefully discarded, and pellets were resuspended by gentle tapping. 

Throughout the freezing process, all cryopreservation reagents were kept on ice.  Cells 

were resuspended in 0,5 mL of previously filtered fetal bovine serum (FBS) from 

PANTM Biotech and transferred to a cryotube (ClearLine). Then, 0,5 mL of FBS + 20% 

dimethyl sulfoxide (DMSO) from Panreac AppliChem was added drop by drop and 

pipette up and down as carried out to ensure proper mixing. Generally, 10.106 cells were 

frozen and placed at -80ºC freezer or liquid nitrogen tanks for long-term preservation.  

2. Monoclonal antibody production 

2.1. Monoclonal antibody purification and dialysis 

For antibody purification, hybridoma cultures were transferred into 50 mL tubes and 

centrifuged for 20 minutes at 2000 rpm. Supernatants were collected and antibodies 

were purified using the Affi-Gel Protein A MAPS II Kit (BioRad) following the 

manufacturer’s protocol. 

Once purified, antibodies were dialyzed using Slide-A-Lyzer™ dialysis cassettes. 

Antibody solution was injected in the dialysis cassette using a 19G needle and 10 mL 

syringe, and the cassette was introduced in sterile PBS 1X (Sigma) and incubated O/N 

in gentle agitation at 4ºC. After O/N incubation, PBS 1X was replaced under sterile 

conditions using the laminar flow cabin; this process of O/N incubation and PBS 1X 

replacement was repeated twice. Finally, PBS was discarded, and antibody solution was 

collected from the dialysis cassette and placed into a 15 mL sterile tube. Next, antibody 

solutions were tested for Endotoxin using ToxinSensor™ Gel Clot Endotoxin Assay Kit 

(Genscript), and antibodies were quantified using Pierce™ BCA Protein Assay Kits 

(Thermo Fisher Scientific) following the manufacturer’s protocol. 
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2.2. Antibody biotinylation 

For antibody biotinylation, antibodies at 0,5 mg/ml were incubated with biotinylation 

buffer (see table 2) and Biotin (Sigma) for 4 hours at RT in gentle agitation using a 

rotation wheel, protected from light. Then, biotinylated antibody solution was dialyzed 

in PBS 1X-Azide 1% solution in gentle agitation O/N at RT. Then, two more O/N 

incubations at 4ºC were performed using PBS 1X (Sigma). Finally, antibody solution 

was collected from the cassette, quantified using Pierce™ BCA Protein Assay Kits 

(Thermo Fisher Scientific) following the manufacturer’s protocol, and stored at 4ºC 

until use. 

3. Mice 

MRL-Faslpr/J (MRL/MpJ-Faslpr/J; thereafter named MRL/lpr) and NSG (NOD.Cg-

Prkdcscid Il2rgtm1Wjl/SzJ) mice were purchased from Jackson Laboratory and breed 

under specific pathogen free conditions at the animal house facility from Faculty of 

Medicine, University of Barcelona. MRL/lpr females were kept at the animal house 

facility until they reached 9 weeks old, when the experimental procedure ended. NSG 

mice were used between 8 and 12 weeks old for salivary gland, external lacrimal gland 

kidney, liver, and lung extraction, that were used for immunohistochemistry and 

immunofluorescence assays.  

Mice experiments were performed according to the European Community Directive 

2010/63/EU and Spanish legislation (Real Decreto 53/2013, BOE-A-2013- 101337) 

regulating the protection and usage of laboratory animals. Experimental procedures 

were approved by the Ethics Committee for Animal Experiments (CEEA) of the 

University of Barcelona.  

3.1. Blood and plasma collection 

Blood was obtained from MRL/lpr mouse facial vein using a 25G needle, or from mice 

heart at experimental procedure endpoint. It was collected in 1,5 mL microtubes 

(DDBiolab) with 20 μl of heparin (Rovi), gently mixed with the heparin, and then 

centrifuged 10 minutes at 2000 g at 4ºC. Plasma was transferred to new 1,5 mL 

microtube under sterile conditions, and samples were kept at -20ºC for subsequent 

analysis.  
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3.2. MRL/lpr mice MCMV infection 

MCMV aliquots, stored at -80ºC, were thawed rapidly using a water bath at 37ºC, and 

then diluted in DMEM (Sigma) at the proper concentration to inject 104 PFU/mouse in a 

final volume of 200 μl. Thawed and aliquots preparation process was performed under 

sterile conditions using a laminar flow cabin. Finally, MCMV were intraperitoneally 

injected in 4 week-old MRL/lpr mice.  

4. In vivo determination of polyreactive antibodies’ role in SjS 

pathogenesis 

4.1. Polyreactive antibodies half-life assay 

Half-life assays with H2h4.7.50 and H2h4.7.94 antibodies were performed in order to 

determine the in vivo assay time-points, since polyreactive antibodies present a much 

shorter half-life in serum than mono-specific antibodies. 10 mg/ml of previously 

biotinylated antibodies were intraperitoneally injected in 4 week-old MRL/lpr females, 

while the equivalent volume of PBS 1X (Sigma) was injected in control mice; four mice 

were included in each group. Blood was collected at 24, 48 and 72 hours after antibody 

injection in order to obtained serum and quantify the biotinylated antibody by ELISA, 

and for H2h4.7.94 antibody the assay was repeated with blood collection shorter time 

points (12, 24 and 48h after injection).   

96 well microplate for EIA/RIA (Corning®) was coated with 3 μg/ml of Goat anti-

mouse IgG (Sigma) at 4ºC O/N. Then, plate was blocked and washed (as explained in 

section 1.1), 1/2 serial dilutions of mouse serum in PBS-BSA 2% with 1/50 initial 

dilution were plated (in duplicates) and incubated for 1h at RT. After PBS-Tween 

0’001% washes, HRP-conjugated streptavidin (Roche) was incubated for 15 minutes at 

RT.  After final washes, microplates were developed with TMB (BD Bioscience), and 

reaction was stopped with 2M H2SO4. Microplates were then read with an EPOCH 

Microplate Spectrophotometer (BioTek) at 450-570 nm. In order to quantify 

biotinylated antibodies, an aliquot of the previously biotinylated H2h4.7.50 antibody, 

with known concentration, was included as standard. 
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4.3. Polyreactive antibodies in vivo assay 

Anti-Ro52 polyreactive monoclonal antibodies (mAbs) H2h4.7.50, H2h4.7.94 and 

B6.2.58 were used to test their capacity to induce or modify disease. MRL/lpr females 

were infected with a sublethal dose (104 PFU/mouse) of MCMV at the age of 4 weeks. 

During the first week after infection, mice were weighed every day in order to ensure 

they have been successfully infected, since weight loss is one of the most characteristic 

signs of the infection. At the age of 6 weeks (day 19 after infection), polyreactive mAbs 

injection started (10 mg/kg every 48h for 2 weeks); in control mice, PBS 1X (Sigma) 

was injected. At day 35 after MCMV infection (endpoint) mice were sacrificed, and 

salivary gland, external lacrimal gland, kidney, lung, and liver were obtained for 

immunohistopathological analysis. For tissue fixation, organs were placed in biopsy 

processing cassettes (Simport) and introduced in 4% formaldehyde solution O/N. Then, 

tissues were transferred to 30% ethanol solution and finally, organs were embedded in 

paraffin at the center histology facility. Besides, blood was obtained from infected 

MRL/lpr females at three time points: before infection (day 0), after the infection but 

before antibody injection (day 19) and endpoint (day 35). It is important to note that 4 

days were left between the last mAbs injection and the experimental endpoint to ensure 

that these injected antibodies were not detected in the anti-Ro52 and anti-dsDNA 

autoantibodies detection ELISA.  

4.4. Anti-Ro52 and anti-dsDNA determination in mouse sera  

96-well microtiter ELISA plates (Costar) were coated with dsDNA (Thermo Fisher 

Scientific) or Ro52 (Sigma-Aldrich) at 3 μg/ml diluted in coating buffer and incubated 

O/N at 4ºC. Then, plates were blocked and washed, and triplicates of serum samples of 

each time point (days 0, 19 and 35) were diluted at 1/100 for dsDNA and 1/20 for Ro52 

in PBS-BSA 2% and incubated for 1 hour at RT. After subsequent washes, HRP-

conjugated goat anti-mouse IgG (Sigma) was incubated (100 μL/well) for 30 minutes at 

RT. ELISA plates were washed and finally, microplates were developed using TMB 

(BD Bioscience), and reaction was stopped with 2M H2SO4. Then, microplates were 

read with an EPOCH Microplate Spectrophotometer (BioTek) at 450-570 nm.  
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4.5. Flow cytometry 

Lymphocytic subpopulations were analyzed in spleen, and plasma cells were analyzed 

in bone marrow. First, in order to eliminate red blood cells in cell suspensions, RBC 

lysis buffer 1X (Thermo Fisher Scientific) was used for 5 minutes at 4ºC. Then, cell 

lysis was stopped with PBS 1X, cell suspensions were centrifuged and resuspended in 

FACS staining buffer (see table 2). Cell suspensions from spleen and bone marrow 

were incubated with fluorophore-labeled antibodies for 45 minutes on ice. In spleen, the 

following antibodies were used: B220 PB (BD Pharmingen, RA3-6B2), CD138 PECy7 

(Biolegend, 281-2)., CD19 A647 (Biolegend, 6D5), CD21 PECy7 (Invitrogen, 

eBio8D9), CD23 PE (BD Pharmingen), CD3 A488 (1/500), CD3 A647 (Biolegend, 

145-2C11), CD4 PB (Biolegend, GK1.5), CD44 FITC (Biolegend, IM7), CD45RB PE 

(BD, C363.16A), CD5 PE (Biolegend, 53-7.3), CD8 PECy7 (Biolegend, 53-6.7), CD95 

A647 (BD Biosciences, Jo2). , CXCR5 APC (Biolegend, L138D7), GL7 A488 

(Invitrogen, GL-7), IgM FITC (Southern Biotech), PD1 PE (Tonbo biosciences, J43.1). 

For bone marrow, plasma cells were stained using B220 PB (BD Pharmingen, RA3-

6B2), CD138 PECy7 (Biolegend, 281-2), IgD PE (Southern Biotech, 11-26), IgM FITC 

(Southern Biotech), Ly9 APC (Biolegend, Ly9ab3) antibodies. After incubation, cells 

were washed using FACS washing buffer (see table 2) and resuspended in FACS 

staining buffer. Finally, data were acquired with LSRII Fortessa flow cytometer (BD 

Biosciences) and analyzed with FlowJo vX.0.7 (Tree Star, Inc) software. 

5. Immunohistopathological analysis 

Immunohistopathologic analyses were performed using 2.5 μm sections of paraffin-

embedded salivary gland, external lacrimal gland, and kidney, which were obtained 

using a microtome (Leica). Slides were incubated at 37ºC O/N, followed by 

deparaffinization and rehydration with xylene (PanReac AppliChem) and a series of 

decreasing concentrations of ethanol (Sigma). First, samples were immersed three times 

in xylene for 10 minutes each, and then, sections were immersed in different ethanol 

solutions for 5 minutes each: absolute ethanol, 96% (v/v), 70% (v/v) and 40% (v/v). 

Finally, samples were washed with distilled water (dH2O).  
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5.1. Lymphocytic infiltrates number and area determination 

For quantification of foci number and area measurement, rehydrated sections were 

stained with hematoxylin (Sigma) for 2 minutes and rinsed with tap water for 5 minutes. 

Subsequently, samples were immersed in acetic acid at 1% (v/v) three times, rinsed with 

dH2O, and carefully dried. Next, slides were stained with eosin (Sigma) for 1 minute, 

washed, and dehydrated using increasing concentration of ethanol (40%, 70%, 96% and 

absolute ethanol for 5 minutes each) and xylene (three times, for 10 minutes each). 

Finally, slides were mounted with DPX (Sigma) and visualized at 10X, 20X and 40X 

magnifications using Olympus BX41 fluorescence microscope. Lymphocytic infiltrates 

were counted, and their respective area were measured using ImageJ software. 

5.2. Immunofluorescence assay 

For immunofluorescence characterization of lymphocytic populations infiltrating 

salivary glands, deparaffinized samples were subjected to heat-induced antigen retrieval 

in citrate buffer (pH 6,0) for 5 minutes using a pressure cooker. Following antigen 

retrieval and a 25-minute incubation period for allow samples to cool, slides were 

washed three times with PBS 1X for 5 minutes each. After carefully drying, non-

specific binding was blocked using 100 μL/sample of PBS 1X - FBS 6%; samples were 

incubated for 30 min at RT in a humidified chamber. Once incubation was complete, 

blocking solution was removed, and primary antibodies were applied. These antibodies 

were diluted in the blocking solution and included CD45 (BD Pharmingen™, 553076), 

B220 (Thermo Fisher Scientific, 14-0452-82), CD3 (Cell Signaling, D7A6E), CD4 

(Cell Signaling, D7D2Z) and CD8 (Cell Signaling, D8A8Y). After O/N incubation at 

4ºC, slides were washed with PBS 1X for 5 minutes for three times, followed by 2 hours 

incubation at RT with secondary antibodies: anti-rat IgG-A488 (Jackson 

ImmunoResearch, 712-546-153) was used for CD45 and B220, while anti-rabbit IgG-

Rhodamine (Jackson ImmunoResearch, 111-295-144) was used for CD3, CD4 and CD8 

staining. Finally, tissue staining was revealed using DAB (Sigma, D7304). Double 

staining of B220 and CD3, B220 and CD4, and B220 and CD8 was performed in order 

to examine potential GC-like structures. Slides were finally mounted using aqueous 

mounting media (see table 2) and visualized at 10X, 20X and 40X magnifications using 

Olympus BX41 fluorescence microscope, and the area corresponding to each stain was 

quantified using ImageJ software.  
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5.3. Immunohistochemistry for Ro52 expression determination 

Given that Ro52 overexpression has been described in patients’ salivary gland tissue, 

Ro52 expression was analyzed by immunohistochemistry. After deparaffination, 

antigen retrieval and blockage, the monoclonal antibody anti-Ro52 (Thermo Fisher 

Scientific, PA5-106903) was incubated O/N at 4ºC. Following primary antibody 

incubation, samples were washed three times with PBS 1X. Then, endogenous 

peroxidase activity was blocked with H2O2 solution at 0,3% (diluted in dH2O) for 10 

minutes. Samples were washed and the secondary anti-rabbit IgG-HRP secondary 

(Thermo Fisher Scientific, 31460) was applied and incubated for 2h at RT. Samples 

revealing was performed with DAB (Sigma). Then, slices were washed and stained with 

hematoxylin for 2 minutes, followed by 5-minute wash with dH2O and immersion in 

acetic acid at 1% (v/v) three times. Next, sections were washed in dH2O and dehydrated 

using increasing concentration of ethanol (40%, 70%, 96% and absolute ethanol for 5 

minutes each) and xylene (three times, for 10 minutes each). Finally, slides were 

mounted with DPX (Sigma) and visualized at 20X magnifications using Olympus BX41 

fluorescence microscope. In order to quantify Ro52 expression levels, ImageJ software 

was employed.  

6. Identification and characterization of autoantibodies 

against new autoantigens 

6.1. Autoreactivity assay  

To assess antibody autoreactivity, antibody supernatants were tested against L cells, a 

fibroblast cell line derived from mouse adipose tissue, by flow cytometry. L cells were 

trypsinized, trypsin was inactivated with FACS washing buffer (see table 2), and cells 

were fixed in PBS-formaldehyde (4%) at RT for 10 minutes. After rinsing and 

centrifugation, cell permeabilization was achieved using PBS-Triton X-100 (0.05%) for 

20 minutes, followed by resuspension in FACS staining buffer (see table 2). Fixed and 

permeabilized L cells were stained with a 1/2 dilution of hybridoma supernatants for 45 

minutes at RT. Cells were washed, and then PE F(ab')₂ Fragment Goat Anti-Mouse IgG 

was incubated as detection antibody for 30 minutes at RT. Finally, cells were washed 

and resuspended in FACS staining buffer. Flow cytometry data was collected using a 
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FACSCanto II flow cytometer from BD Biosciences, and analysis was conducted with 

FlowJo vX.0.7 software (Tree Star, Inc.). 

6.2. Immunohistochemistry with paraffin-embedded tissue 

Within the 168 hybridoma library generated in the B cell antibody repertoire analysis 

using NOD.H2h4 mice (Sáez et al., 2021), mAbs of IgG isotype that showed to be not 

autoreactive nor polyreactive were tested against salivary gland, kidney, liver, and lung 

paraffin-embedded tissue from NSG mice. 2.5 μm slices were deparaffinated, and after 

deparaffination, heat-induced antigen retrieval and blockage, supernatants were 

incubated overnight (ON) at 4ºC, and after wash, HRP-conjugated Goat anti-mouse IgG 

(Jackson ImmunoResearch, 115-035-072) secondary was incubated for 1h at RT. 

Finally, slices were stained with hematoxylin (Sigma) for 2 minutes and rinsed with tap 

water for 5 minutes. Subsequently, samples were immersed in acetic acid at 1% (v/v) 

three times, rinsed with dH2O, carefully dried, and dehydrated using increasing 

concentration of ethanol (40%, 70%, 96% and absolute ethanol for 5 minutes each) and 

xylene (three times, for 10 minutes each). Finally, slides were mounted with DPX 

(Sigma) and visualized at 10X and 20X magnifications using Olympus BX41 

fluorescence microscope.  

6.3. Salivary gland lysate  

Antibodies that were selected due to their specific pattern against salivary gland tissue 

by immunohistochemistry were analyzed by western blot. Hybridomas producing the 

selected antibodies were cultured as explained in section 1.1 in order to collect their 

supernatants to be tested against salivary gland lysate. For salivary gland lysis, salivary 

glands were weighed in order to calculate the volume of lysis buffer (table 2), that was 

added in 1:5 proportion (w/v). Besides, for each ml of lysis buffer, 10 l of the protease 

inhibitor Halt (Thermo Scientific) and 10 l of EDTA 0,5M (Thermo Scientific) were 

added. Once immersed in the lysis buffer, salivary glands were mechanically 

disaggregated using a Tissue Homogenizer OMNI TH (OMNI International) and then 

incubated during 1h in gentle rotation at 4ºC. After incubation, samples were 

centrifuged at 12000 rpm at 4ºC for 20 minutes, and supernatants were collected and 

stored at -80ºC. Total protein was measured by BCA assay (Thermo Scientific).  
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6.4. Western blot 

Hybridomas’ supernatants were tested against salivary gland lysate by western blot. 

Salivary gland lysate (400 g) was used in reducing conditions by adding -

mercaptoethanol at 1% (v/v), and electrophoresis in the polyacrylamide (BioRad) gel at 

12% was performed, at 90 volts (V) at RT. For the determination of the molecular 

weights of each protein, a PageRuler Prestained Protein Ladder (Thermo Fisher 

Scientific) was used as a molecular weight marker. Following electrophoresis, proteins 

were transferred to a nitrocellulose membrane using the Mini Trans Blot Cassette 

system (BioRad, 170-3930). The nitrocellulose membrane was briefly hydrated in water 

for 5 minutes. The transfer cassette was prepared with the following components, in this 

order, on the black side: a sponge, Whatman paper, the hydrated nitrocellulose 

membrane, the acrylamide gel, Whatman paper, and another sponge, with all 

components pre-wetted in transfer buffer (see table 2). Subsequently, the cassette was 

sealed, ensuring no air bubbles were trapped between the membrane and the gel, placed 

in a container filled with 1x transfer buffer, and subjected to a voltage of 70V for 90 

minutes at 4°C.  

Following the transfer, the nitrocellulose membrane was retrieved, washed in TBS-T 

(prepared from TBS 10X; see table 2) under agitation for 5 minutes, and blocked with 

blocking buffer (see table 2) for 1 hour at RT. After blocking, the membrane was 

washed twice more in TBS-T for 5 minutes, and the membrane was cut into strips to 

incubate each of them with each supernatant. Anti-mouse actin antibody (R&D 

Systems, MAB8929), diluted in TBS-T with 5% BSA, was used as positive control. 

Membrane strips were incubated for 2 hours at RT. Subsequently, these were washed in 

TBS-T for 5 minutes and incubated with secondary antibody HRP-conjugated rabbit 

anti-IgG antibody, diluted in TBS-T with 5% powdered milk for 30 minutes at RT. 

Finally, membrane strips were washed twice in TBS-T for 5 minutes, followed by two 

additional washes in TBS for 5 minutes each. Protein visualization on the membrane 

was performed using the SuperSignal West Pico Chemiluminescent Substrate (Pierce, 

34080F), following the manufacturer's instructions. ImageQuantTM LAS4000 was used 

for visualization. 
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6.5. Antigenic microarray 

Once the potential new autoantibodies were selected and in order to discard or confirm 

monospecificity, antigenic reactivity was analyzed by a specific microarray for systemic 

autoimmune diseases, which includes 120 autoantigens (GeneCopoeiaTM, PA001). 

Supernatants from H2h4.1.42, H2h4.2.3, H2h4.2.72, H2h4.2.341, H2h4.15.24.8, 

H2h4.15.47 and H2h4.16.128 hybridomas were included.  Besides, supernatants from 

H2h4.7.50, H2h4.7.94 and B6.2.58 hybridomas were also included in order to deeper 

characterize their polyreactivity beyond the ELISA antigenic panel used in the previous 

B cell antibody repertoire analysis (Sáez et al., 2021).   

The manufacturer’s protocol is the following: “The array was incubated with 

supernatants, washed to remove unbound antibodies and other proteins, then co-

incubated with Cy3- and Cy5-labeled secondary antibodies. The dual labeling strategy 

is intended to distinguish between immunoglobulin (Ig) subtypes present within 

samples. For example. a Cy3-labeled anti-IgG secondary antibody is used to detect IgG 

antibodies, and a Cy5-labeled anti-IgM secondary antibody is used to detect IgM 

antibodies. Fluorophore-labeled secondary antibodies are available for detecting IgA, 

IgD, IgE, IgG and IgM immunoglobulins, as well as IgG subclasses IgG1, IgG2, IgG3, 

and IgG4. After washing to remove unbound secondary antibodies, signals are detected 

using a GenePix® 4400A microarray scanner. The raw data is then analyzed using 

GenePix® 7.0 software”.  

 

7. Statistics 

P-values for autoantibody levels in MRL/lpr sera, lymphocytic infiltration analyses in 

salivary glands, and flow cytometry results for lymphocytic subpopulations both in 

spleen and bone marrow were calculated by unpaired t test (Mann-Whitney) after 

confirming the non-parametric nature of the data using GraphPad Prism 10. Statistical 

difference was concluded if p < 0.05.  
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8. Cell Culture Medium and Buffers 

Table 2. Cell culture, ELISA, antibody biotinylation, immunofluorescence and immunohistochemistry media and 
buffers. 

 

Cell culture medium or Buffer 
 

Composition 

HAT+HFCS selective              

culture medium 

RPMI containing: 

- 20% FBS 
- 1X Penicillin-Streptomycin 
- 1X L-Glutamine 
- 0,5% HFCS 
- 1X HAT 

 

Coating buffer 
For 1 liter:  

- 8,4 g NAHCO3 
- 3,56 g NA2CO3 

 

Biotinylation buffer 
For 100 mL (adjust pH to 9.5):  

- 5,3 g Na2CO3 
- 8,4 g NaHCO3 

 

Aqueous mounting media 

For 100 mL:  

- 90 mL Glycerol 
- 100 mL PBS 1X 
- 500 mg Propyl Gallate (Sigma) 

 

Citrate buffer 

For 2L (adjust to pH 6,0): 

- 5,88 g of sodium citrate tribasic 
dehydrate 

- 2 L dH2O 
 

FACS washing buffer 
PBS 1X containing:  

- 2% FBS 
- 0,01% NaN3 

 

FACS staining buffer 

PBS 1X containing:  

- 2% FBS 
- 20% Rabbit serum 
- 0,01% NaN3 
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Electrophoresis buffer 

For 1 liter:  

- 14,41 g glycine 
- 3,03 g Tris base 
- 1 g SDS 
- 1L dH2O 

 

Transfer buffer 

For 1 liter:  

- 8 g glycine 
- 3,56 g Tris base 
- 0,25 g SDS 
- 1L of methanol (20% in dH2O) 

 

TBS 10X 

 
 pH 7,4 

- 0,2 M Tris base 
- 1,5 M NaCl  

 

TBS - T 
 

- 0,05% Tween-20 in TBS 1X 
 
 

 

Blocking buffer  

(Western Blot) 
 

- 5% of powdered milk in TBS 1X 
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1. Polyreactive antibodies reactivity 

The polyreactive antibodies H2h4.7.50 and H2h4.7.94 were selected from the previous 

study of the B cell repertoire in the NOD.H-2h4 SjS mouse model. This study showed 

that the majority of polyreactive IgG antibodies were IgG2b, while in the non-

autoimmune control strain, B6, the majority of polyreactive antibodies corresponded to 

IgG3. Besides, H2h4.7.8, H2h4.7.50 and H2h4.7.94 were identified as three clonally 

related antibodies in the 66 week-old NOD.H-2h4 mouse, and importantly it was 

observed that H2h4.7.94 has additional somatic mutations that increase its antigen 

reactivity strength when tested against the antigenic array by ELISA, and it also showed 

stronger cytoplasmic staining when tested against HEp-2 cells by immunofluorescence. 

Therefore, given the potential role of polyreactive antibodies in SjS pathogenesis, 

H2h4.7.50 and H2h4.7.94 antibodies were selected to test our hypothesis, expecting that 

the higher reactivity strength of H2h4.7.94 would induce more severe SjS symptoms 

than H2h4.7.50 when tested in the SjS mouse model. Importantly, these antibodies were 

also selected because of their IgG2b isotype, considering them as representative of the 

polyreactive antibodies that could be contributing to disease’s pathogenesis. In addition, 

we decided to include a polyreactive antibody from the B6 non-autoimmune strain, so 

B6.2.58 antibody was selected since it presents an IgG3 subclass, the most frequent 

isotype in this mouse strain.  Therefore, hybridomas producing the selected antibodies 

were cultured and antibodies were purified under endotoxin-free conditions.  

B6.2.58, H2h4.7.50 and H2h4.7.94 polyreactivity was confirmed by ELISA using the 

antigenic panel including dsDNA, H1, Ro52, LPS, Insulin and OVA (figure 12A). 

Antibodies showed to maintain their polyreactivity, since all of them recognized three 

or more antigens. B6.2.58 showed to be reactive against dsDNA, insulin, OVA, and 

predominantly against Ro52. H2h4.7.50 showed to recognize with high affinity dsDNA, 

Ro52, LPS and OVA, and with moderate affinity H1 and insulin. H2h4.7.94 showed 

higher affinity against insulin and OVA than H2h4.7.50, while the affinity against 

dsDNA, H1, Ro52 and LPS was similar.  
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Furthermore, the reactivity patterns of antibodies were confirmed through 

immunohistochemistry analysis, employing paraffin-embedded tissue sections from 

salivary gland, lacrimal gland, and kidney. Additionally, immunofluorescence assays 

were conducted using Hep-2 cells, a commonly used test for ANA in clinic diagnostic 

(Figure 12B).  

With respect to immunohistochemistry assays, H2h4.7.50 and H2h4.7.94 exhibited a 

consistent nuclear pattern across all tissues. Remarkably, in salivary glands, they 

demonstrated a predominant nuclear staining within the ductal epithelial cells. 

Meanwhile, B6.2.58 also displayed a nuclear staining pattern in all tissues, although the 

staining intensity appeared slightly lower compared to H2h4.7.50 and H2h4.7.94.  

Regarding immunofluorescence assay using Hep-2 cells, B6.2.58 exhibited both nuclear 

and cytoplasmic patterns. H2h4.7.50 displayed a nuclear pattern with very faint 

cytoplasmic staining, while H2h4.7.94 exhibited a nuclear pattern and notably stronger 

cytoplasmic staining than H2h4.7.50. Intriguingly, a speckled pattern was observed in 

some cells for all three antibodies. This speckled pattern is a characteristic feature of 

ANAs associated with systemic autoimmune diseases, such as SLE and SjS, which, for 

instance, recognize Ro52.  
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Figure 12. Reactivity confirmation of H2h4.7.50, H2h4.7.94 and B6.2.58 antibodies. (A) ELISA results against 
the antigenic array (dsDNA, H1, Ro52, LPS, Insulin and OVA). Color intensity correspond to the level of reactivity 
as measured by ELISA, with darker green indicating strong binding, moderate binding represented by lighter green, 
and low or no binding represented by white. (B) Immunohistochemistry results for salivary gland, lacrimal gland, and 
kidney paraffin-embedded tissue, and immunofluorescence assay results using HEp-2 cells for B6.2.58, H2h4.7.50 
and H2h4.7.94 antibodies; 20X magnifications images.  
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2. Sjögren’s syndrome MCMV infection model set up 

MRL/lpr mouse strain was selected for testing the in vivo effects of the polyreactive 

antibodies B6.2.58, H2h4.7.50 and H24h.7.94. For testing these antibodies’ 

pathogenicity in vivo, an acute SjS model was needed, so this strain was selected since 

the lack of Fas induces a severe autoimmunity that leads to lymphoproliferative 

syndrome which symptoms start at 9 weeks of age. However, since MRL/lpr mice do 

not spontaneously present anti-Ro52 autoantibodies in serum, it was needed to develop 

a more accurate model by infecting MRL/lpr females with a sublethal dose of MCMV 

(Li et al., 2018). MCMV target are mainly the epithelial cells of exocrine glands, 

driving there the immune response and inducing a SjS-like mouse model in which both 

anti-Ro52 and anti-dsDNA autoantibodies are present in mouse sera. Importantly, 

although these selected antibodies were obtained from the spontaneous SjS mouse 

model NOD.H-2h4, this model was discarded to test the in vivo pathogenicity of those 

antibodies because of SjS-related symptoms start appearing after 14 weeks old, with a 

less acute disease development than MRL/lpr. Thus, in case of using NOD.H-2h4 model, 

we would have needed a longer treatment and then higher amount of each antibody to 

induce disease-related symptoms. Importantly, due to the lymphoproliferative syndrome 

in MRL/lpr mice, antibodies needed to be tested before symptoms started in order to 

ensure that the observed effects were due to the injected antibodies and no to the 

lymphoproliferative syndrome. Thus, it was decided to infect mice at 4 weeks old.   

Firstly, the infection model was set up. In order to analyze the effects of the infection 

with sublethal dose of MCMV in 4 week-old MRL/lpr females, at the experimental 

endpoint (9 weeks old), SjS-related autoantibodies levels were measured in mouse sera 

by ELISA and salivary gland lymphocytic infiltration was analyzed in paraffin-

embedded tissue by hematoxylin-eosin (H&E) staining.  

Regarding SjS-related autoantibodies, both anti-dsDNA and anti-Ro52 were 

significantly increased in mouse sera after MCMV infection compared to control 

(figure 13A). Besides, salivary gland infiltration was also significantly increased, since 

no infiltrates were observed in the non-infected mice, but a significant increase in foci 

number was detected in the infected 9 week-old MRL/lpr females (figure 13B).  
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Figure 13. (A) Anti-dsDNA and anti-Ro52 autoantibody levels in mouse sera represented by optical density (O.D.) 
obtained by ELISA for control and infected (MCMV.MRL/lpr) mice (B) Foci number graph and representative 
images of H&E stained salivary gland tissue at 20X magnifications for control and infected (MCMV.MRL/lpr) mice.
Infiltrates are indicated by a black arrow. 
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Besides, lymphocytic infiltration in the infected MRL/lpr mice was also confirmed by 

CD45 staining by immunofluorescence (figure 14). No infiltration was observed in the 

non-infected mice, while CD45 positive cells could be observed in the salivary gland 

samples from infected 9 weeks-old females (MCMV.MRL/lpr). 

Figure 14. Representative images of CD45 staining (in green) by immunofluorescence in salivary gland tissue for 
control and infected (MCMV.MRL/lpr) mice at 10X and 20X magnifications. 

MCMV.MRL/lprControl

10X

20X
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3. Antibodies half-life assay 

Since polyreactive antibodies present a much shorter half-life in serum than 

monospecific antibodies, half-life assays with H2h4.7.50 and H2h4.7.94 antibodies 

were performed in order to establish the time left between injections in the in vivo assay 

with MRL/lpr 4 week-old females in order to maintain the antibody concentration stable 

in blood during the treatment period. Thus, antibodies were biotinylated in order to 

detect them in mice sera by ELISA, and 160 g/mouse was injected and detected at 24, 

48 and 72 hours after the injection.  

H2h4.7.50 showed to have an approximate half-life of 48 hours, while H2h4.7.94 half-

life assay needed to be repeated since the antibody wasn’t detected in mouse sera 24 

hours after injection. Therefore, biotinylated H2h4.7.94 concentration was measured in 

mice sera at 6, 12 and 24 hours after injection, showing to have a half-life of 

approximately/lower than 6 hours (figure 15). This short half-life may be due to 

H2h4.7.94 high antigen binding strength. Thus, H2h4.7.94 antibody was excluded from 

the in vivo assay for various reasons: no comparable results if injection time-points were 

different, potentiated immunocomplexes formation and isotype-derived effects on 

disease development due to the repeated injection rather than the effects that depend on 

other antibody features beyond the isotype, and difficulties related to the production of 

such a high amount of antibody.  

Therefore, these results lead to the establishment of the in vivo assay time points, 

infecting 4 week-old MRL/lpr females at day 0, start injecting B6.2.58 and H2h4.7.50 

antibodies every 48 hours for two weeks (seven injections in total) at day 19 after 

MCMV infection. After the last injection, 4 days were left to ensure the injected 

polyreactive antibody was not present in mice sera and detected in the ELISA for anti-

Ro52 and anti-dsDNA autoantibodies, so the experiment endpoint was established at 

day 35 after infection.  
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Figure 15. Half-life assay results for H2h4.7.50 (left) and H2h7.94 (right) represented as total micrograms (y axis) 
quantified by ELISA at each blood collection time point: 24, 28 and 72 hours for H2h4.7.50, and 6, 12 and 24 hours 
for H2h7.94.  

 

4. H2h4.7.50 increases SjS-related autoantibodies in mouse 

sera 

Autoantibody levels were analyzed in MRL/lpr females as a measure of disease 

development and progression in the mouse model, since the presence of autoantibodies 

that recognize Ro52 and dsDNA in serum is a hallmark of SjS. Autoantibody levels 

were measured by ELISA before MCMV infection (day 0), after the infection but before 

antibody injection (day 19), and at the in vivo assay endpoint (day 35). Importantly, at 

day 35, the injected antibodies which also recognize dsDNA could not be detected in 

the ELISA assay since 4 days were left after the last injection, and the polyreactive 

antibodies’ half-life is 48 hours.  

Results showed increased levels of both anti-dsDNA and anti-Ro52 antibodies at day 35 

in the H2h4.7.50 group compared to control and B6.2.58 groups (figure 16). 

Importantly, the levels of both anti-dsDNA and anti-Ro52 autoantibodies were 

significantly increased between day 0 and day 19 in all experimental groups, indicating 

that MCMV infection similarly induced SjS-related autoantibodies increase in control, 

B6.2.58 and H2h4.7.50 mice.  

Interestingly, only the H2h4.7.50 group showed a significant increase in autoantibody 

levels at day 35 compared to day 19, for both anti-dsDNA and anti-Ro52 

autoantibodies. Therefore, it can be concluded that H2h4.7.50 induces an increase of 

both anti-dsDNA and anti-Ro52 autoantibodies, supporting the proposed hypothesis.  
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Figure 16. Anti-dsDNA and anti-Ro52 autoantibodies levels in mouse sera. Graphs showing optical density (O.D.) 
obtained by ELISA for each time point (days 0, 19 and 35) for control (N=7), B6.2.58 (N=9) and H2h4.7.50 (N=9).
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5. H2h4.7.50 increases salivary gland infiltration

5.1. H2h4.7.50 increases foci number in salivary gland

Infiltrates were analyzed in salivary and lacrimal glands by H&E staining since 

lymphocytic infiltration in exocrine glands is one of the hallmarks of SjS. Besides, 

kidney sections were also analyzed in order to find extraglandular manifestations. 

Importantly, histopathological analysis showed a significant increase in lymphocytic 

infiltration in H2h4.7.50 group salivary glands in terms of foci number, compared to 

control group. However, the mean area of these infiltrates was similar between groups

(figure 17). 

Figure 17. Salivary gland infiltration. (A) Number of infiltrates, and area of each infiltrate for control, B6.2.58 and 
H2h4.7.50 groups. (B) Representative H&E images of salivary glands for each experimental group at 10X and 20X
magnifications. Infiltrates are indicated by black arrows. 
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Besides, no lymphocytic infiltration was observed in lacrimal gland tissue for any of the 

three experimental groups, and nor histopathological affectations were found in kidney 

sections (figure 18). 

 

Figure 18. Lacrimal gland and kidney H&E images for control, B6.2.58 and H2h4.7.50 groups at 10X 
magnifications.  
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5.2. H2h4.7.50 induces lymphocytic infiltration in salivary gland

In order to determine total lymphocytic infiltration in salivary gland, CD45 staining was 

performed by immunofluorescence assay in paraffin-embedded tissue. Analysis showed 

a significant increase in CD45 cells infiltrated area in H2h4.7.50 group compared to 

B6.2.58 (figure 19). 

Figure 19. Salivary gland lymphocytic infiltration. (A) Infiltrated area (%) by CD45 cells for control (N=7), 
B6.2.58 (N=9) and H2h4.7.50 (N=9) groups. (B) Representative immunofluorescence images in salivary gland for 
each experimental group at 10X and 20X magnifications.
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5.3. H2h4.7.50 induces infiltration by CD3 and CD8 cells in salivary gland 

In order to better characterize the infiltrating lymphocytic populations, B and T cells 

staining was performed by immunofluorescence in salivary gland paraffin-embedded 

tissue. For B cells, B220 marker was used; for T cells, CD3, CD4 and CD8 markers 

were stained.  

Importantly, an increase in CD3 positive area was found in H2h4.7.50 group compared 

to B6.2.58, and interestingly, a significantly higher CD8 positive area was observed in 

H2h4.7.50 compared to control group. However, no differences were found for B220 or 

CD4 infiltrated area, although a light increasing tendency could be observed for both 

markers. Therefore, immunofluorescence data showed that the increased infiltration rate 

in H2h4.7.50 group compared to control and B6.2.58 groups is mainly due to CD3 cells, 

and specifically to CD8 cells (figure 20).  

 

Figure 20. Infiltrating lymphocytic populations characterization by immunofluorescence assay. Positive area 
(%) for B220, CD3, CD4 and CD8 makers in mice salivary glands for control (N=7), B6.2.58 (N=9) and H2h4.7.50 
(N=9) groups.  



Results

80

Besides, in order to determine the presence of GC-like structures in salivary glands, 

immunofluorescence images for B220-CD3, B220-CD4 and B220-CD8 were merged. It 

was observed that, although in all foci there were always different cell types (B and T 

cells), in each infiltrate one of the two cell types was predominant. Indeed, no organized 

structures were observed within these infiltrates, so it was determined that no ectopic 

GC-like structures existed in the salivary gland of either experimental group. 

Interestingly, it was also observed that CD8 cells were not only grouped in infiltrates, 

but these cells were also distributed over all the tissue section, mostly in the H2h4.7.50 

group (figure 21). 

Figure 21. B220-CD3, B220-CD4 and B220-CD8 immunofluorescence assay in salivary gland. Representative 
merged images at 20X magnifications for control, B6.2.58 and H2h4.7.50 groups with B cells (B220) stained in 
green, and CD3, CD4 and CD8 T cells stained in red. 
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5.4. H2h4.7.50 induces Ro52 overexpression in salivary gland

Since Ro52 has been described to be overexpressed in patients’ salivary glands, Ro52 

staining was performed by IHC in mice salivary gland paraffin-embedded tissue. 

Results showed a significant increase for nuclear intensity mean in H2h4.7.50 group 

compared to both control and B6.2.58 groups (figure 22). Interestingly, this higher 

nuclear intensity mean was predominantly observed in the ductal epithelial cells’ nuclei. 

Thus, these data indicates that H2h4.7.50 polyreactive antibody induces a higher level 

of Ro52 expression in mice salivary gland. 

Figure 22. Ro52 staining by immunohistochemistry assay. (A) Ro52 nuclear intensity mean (y axis) for control 
(N=7), B6.2.58 (N=9) and H2h4.7.50 (N=9) groups. (B) Representative images (10X and 20X magnifications) for 
each group.
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6. Lymphocytic population analysis by flow cytometry 

In order to determine if polyreactive antibodies injection induced changes in 

lymphocytic populations in periphery, T and B cells were analyzed in spleen by flow 

cytometry. For T cells, CD3, T follicular helper (Tfh), CD4 and CD8 cells were 

measured. For B cells, MZ, follicular (FO), germinal center (GC), and B1 cells were 

analyzed. Besides, plasma cells (PC) were measured in bone marrow. All cell 

populations were graphed in percentages and absolute numbers.  

Regarding T cells (figure 23), a significant increase was observed in the percentage of 

CD3+ cells in H2h4.7.50 group compared to both control and B6.2.58, and to control 

group in terms of cell number. Besides, B6.2.58 group showed an increase of Tfh cells 

percentage compared to H2h4.7.50, while in terms of cells number, both B6.2.58 and 

H2h4.7.50 groups showed to be increased compared to control group. However, no 

differences between groups were observed for CD4+ cells. Interestingly, the percentage 

of CD8 cells was increased in H2h4.7.50 group compared to B6.2.58, and the number of 

CD8 cells was increased compared to the control group.  

With respect to B cells (figure 24), no differences between groups were found for B 

lymphocytes total number in spleen. A decrease in MZ B cells number was observed in 

H2h4.7.50 group compared to B6.2.58. No differences were found for FO B cells, while 

GC B cells number was decreased in H2h4.7.50 compared to B6.2.58 group. Besides, 

B1 cells were also decreased in H2h4.7.50 group compared to B6.2.58 group in both 

percentage and cells total number.  

Finally, no differences for plasma cells were found between groups in the bone marrow 

(figure 25).  



83

Figure 23. T cells population analysis by flow cytometry in spleen. CD3+ cells, Tfh cells, CD4+ and CD8+ cells 
percentages and total numbers in spleen for control (N=6), B6.2.58 (N=7) and H2h4.7.50 (N=7) groups. 
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Figure 24. B cells population analysis by flow cytometry in spleen. B lymphocytes, MZ B cells, FO B cells, GC B 
cells and B1 cells percentages and total numbers in spleen for control (N=6), B6.2.58 (N=7) and H2h4.7.50 (N=7) 
groups. 
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Figure 25. Plasma cells (PC) analysis by flow cytometry in bone marrow. Plasma cells (B220+ CD38+) 

percentage and total number for control (N=6), B6.2.58 (N=7) and H2h4.7.50 (N=7) groups.
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7. Potential new autoantibodies showed to be polyreactive 

In order to explore the presence of specific antibodies that could recognize novel 

autoantigens within the extensive B cell antibody repertoire analysis in NOD.H-2h4 SjS 

mouse model (Sáez et al., 2021), antibodies that were not polyreactive by the ELISA 

antigenic panel, and non-autoreactive by flow cytometry with L cells (mouse fibroblast 

cell line) were selected; examples of non-autoreactive and autoreactive antibodies by 

flow cytometry are shown in figure 26.  After this screening, 26 antibodies were 

selected out of the total of 168 that were in the NOD.H-2h4 repertoire. The hybridomas 

producing these 26 monoclonal antibodies were cultured in order to obtain enriched 

supernatants, and these were tested by IHC against salivary gland, kidney, liver, and 

lung paraffin-embedded tissue from NSG mice. Tissues were obtained from the 

immunodeficient mouse strain due to the absence of IgG, so it was ensured that no 

endogenous IgG antibodies were detected by IHC.  

 

 
Figure 26. Autoreactivity analysis by flow cytometry with L cells.  Antibodies within the B cell repertoire from 
NOD.H-2h4 were tested against L cells by flow cytometry in order to test their autoreactivity. The graphs show the 
positive control (upper histogram), an example of a non-autoreactive antibody, and on the right the histogram of an 
autoreactive antibody. In all three histograms the negative control is shown in light gray. Mean Fluorescence 
Intensity (MFI) for anti-mouse IgG is indicated in the upper right corner of each histogram.  
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Out of 26 antibodies, 7 IgGs were finally selected since they showed specific patterns 

against salivary gland tissue (figure 27). H2h4.2.3, H2h4.2.72, H2h4.2.341, H2h4.15.47 

and H2h4.15.24.8 showed an intracellular staining pattern on the acinar epithelial cells. 

H2h4.1.42 antibody showed a homogenous cytoplasmic staining pattern over all the 

tissue section, and interestingly, H2h4.16.128 showed a nuclear pattern specific for 

ductal epithelial cells. Importantly, none of these antibodies showed to be reactive with 

the rest of tissues included in the screening (figure 28). Besides, the non-autoreactivity 

of the 7 selected antibodies, determined by flow cytometry using L cells, is shown in 

figure 29.  

Next, in order to characterize antibodies’ reactivity and specificity, supernatants were 

tested against salivary gland lysate from NSG mice by western blot. However, no 

specific band was identified for any of the selected antibodies, since they all showed 

numerous and smeared bands in the western blot membrane (figure 30). These results 

indicated that the selected antibodies might be polyreactive. 
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Figure 27. Immunohistochemistry images (10X, 20X and 40X magnifications) of salivary gland tissue sections 
stained with selected hybridomas supernatants and hematoxylin.
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Figure 28. Immunohistochemistry images (10X magnifications) of kidney, liver and lung paraffin-embedded tissue 
sections stained with selected hybridomas supernatants and hematoxylin.
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Figure 29. Non-autoreactivity confirmation of the 7 selected antibodies by flow cytometry using L cells. MFI for 
anti-mouse IgG is indicated in the upper right corner of each histogram. 
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Figure 30. Western blot result. Anti-actin (1) antibody was used as positive control. H2h4.1.42 (2), H2h4.2.3 (3), 
H2h4.2.72 (4), H2h4.2.341 (5), H2h4.15.24.8 (6), H2h4.15.47 (7) and H2h4.16.128 (8) showed a smear effect in the 
membrane, with several bands against salivary gland lysate, indicating that these antibodies might be polyreactive. 

In order to confirm and better characterize the polyreactivity pattern of the selected 

monoclonal antibodies, supernatants were tested in a specific microarray 

(GeneCopoeiaTM) used for autoantibodies profiling for systemic autoimmune diseases 

such as SLE and SjS. This array includes characteristic autoantigens such as Ro52, 

Ro60, La, Sm, and dsDNA among others. Importantly, B6.2.58, H2h4.7.50 and 

H2h4.7.94 antibodies were also included in the microarray analysis in order to deeper 

characterize their polyreactivity profile and thus better understand the role they might be 

playing in vivo.

As it was suspected from western blot results with the 7 selected IgGs, it was found that

the selected antibodies were polyreactive (figure 31). H2h4.1.42 recognized with 

moderate affinity proteoglycan, Sn/RNP and ssRNA; H2h4.2.3 recognized with 

moderate affinity collagen I, fibrinogen IV and Ro52, while it recognized with high 

affinity sphingomyelin, cardiolipin and Nup 62 (nuclear pore glycoprotein p62); 

H2h4.2.72 recognized with moderate-high affinity collagen I, II, II, IV, V and VI, and 

other antigens such as -actin, laminin and Nup 62; H2h4.2.341 recognized GM-CSF, 

mitochondrial antigen, ribo-phosphoprotein PO and PR3; H2h4.15.24.8 recognized 

collagen, CD8, core histone, -actin, factor P, laminin, fibrinogen and neuropinin-1; 
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H2h4.15.47 bound collagen I, II, II, IV, V and VI, -actin, TFG- 1 and Nup 62; 

H2h4.16.128 recognized CEN-P, proteoglycan, ssRNA and Sn/RNP. Among these 

antibodies, H2h4.2.3, H2h4.2.72, H2h4.15.24.8 and H2h4.15.47 showed the highest 

polyreactivity levels, while H2h4.1.42 and H2h4.2.341 showed lower levels of 

polyreactivity.  

Interestingly, B6.2.58, H2h4.7.50 and H2.7.94 antibodies showed high levels of 

polyreactivity. These three antibodies recognized La and Ro60 with moderate affinity, 

and importantly they recognized Ro52 with higher affinity. These antibodies also 

recognized with high affinity -actin, factor P, GDF-15, laminin, fibrinogen IV, TGF-

1, neuropilin-1, Scl-70, IFN- 1, IFN-r, IL-12, sphingomyelin, histone 4, nucleolin, 

IFN- 2. Besides, B6.2.58 showed a high affinity against collagen IV, 2-microglobulin, 

IFN- , factor D, IFN-R, IL-15, -actin and LPS. H2h4.7.50 showed a high affinity 

against collagen I and IV, Jo-1, ssDNA, core histone, dsDNA, cardiolipin, fibrinogen, 

histone 2, Scl100, Sm, mitochondrial antigen and ssRNA. Finally, H2h4.7.94 showed 

high affinity against IL-15, Mi-2 and also against ssDNA and dsDNA.  

 



 

 
93 

 
Figure 31. Heatmap graph: results from GeneCopoeiaTM microarray. Yellow represents higher affinity and blue 
represents lower affinity for the antigen (Z score).  

Z 
sc

or
e



Results 

 94 

The antigen/s for which each antibody included in the array showed the highest affinity 

is shown in table 3.  

Table 3. Table showing the preferential antigen/s for which antibody showed the highest affinity for on the 
GeneCopoeiaTM microarray. 

 

Antibody 
 

Preferential antigen/s 
 

H2h4.7.50 ssDNA 
 

H2h4.7.94 ssDNA, Cardiolipin 
 

B6.2.58 Cardiolipin, Insulin 
 

H2h4.1.42 Sn/RNP 
 

H2h4.2.3 Cardiolipin, Nup 62 
 

H2h4.2.72 Collagen IV 
 

H2h4.2.341 Sm, Mi-2 
 

H2h4.15.24.8 Neurolipin, IFN-r 
 

H2h4.15.47 Collagen IV 
 

H2h4.16.128 Sn/RNP 
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SjS is characterized by a complex immunological dysregulation that leads to B cells 

activation and the subsequent production of autoantibodies targeting a diverse array of 

self-antigens. This disruption of the immune tolerance mechanisms results in glandular 

dysfunction, systemic complications, and a diminished quality of life for affected 

individuals. In recent years, there has been an increasing awareness of the pivotal role 

played by B cells in the complexity of SjS pathogenesis. Dysregulated B cells emerge as 

crucial contributors to inflammation. They act as antigen-presenting cells, secrete pro-

inflammatory cytokines, and, most notably, generate autoantibodies targeting a wide 

spectrum of autoantigens, including Ro52. Anti-Ro52 autoantibodies represent a 

hallmark of SjS and significantly contribute to its underlying immunopathology. Indeed, 

these anti-Ro52 antibodies have been found to be present before symptoms onset in 

both SjS patients. Moreover, since the accumulation of autoreactive naïve and memory 

B cells has been described in SjS patients, it is believed that there are sequential defects 

in both early and late immune tolerance mechanisms that lead to the accumulation of 

autoreactive B cells. (Aqrawi et al., 2014; Wright et al., 2021).  

In our previous B cell repertoire analysis in the SjS mouse model NOD.H2h4, we 

observed that a significant part of autoantibodies corresponded to antibodies that 

recognized Ro52, and that these increased with mice age; strikingly, all of them showed 

to be polyreactive. This surprising results was consistent with the observation in 

humans, where it was described that anti-Ro52 antibodies from SjS patients presented 

high levels of polyreactivity (Glauzy et al., 2017). Indeed, B cells that recognize Ro52 

have been detected within the lymphocytic infiltrated B cells in SjS patients’ salivary 

glands (Szczerba et al., 2016). Interestingly, Corsiero et al. (2014) performed a single-

cell sequencing study in order to determine autoreactivity and polyreactivity within the 

B cell peripheral repertoire in SjS patients. Beyond the increased levels of autoreactive 

naïve and memory B cells in the peripheral compartment, they proposed that the 

observed low number of polyreactive clones that recognized Ro52 in periphery might 

be due to their migration to the inflammation site, the salivary gland.  

Consequently, unraveling the mechanisms responsible for the breakdown of B cell 

tolerance, elucidating the factors driving autoantibody production, and the potential 

pathogenic role of these frequent polyreactive autoantibodies that recognize Ro52 is 

essential to comprehend SjS pathogenesis.  
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Notably, upon the administration of H2h4.7.50 polyreactive antibody, we observed a 

significant increase in the levels of both anti-dsDNA and anti-Ro52 autoantibodies in 

MRL/lpr mice sera, while these results were not observed when B6.2.58 antibody was 

administered.  These autoantibody levels can be considered as a measure of disease 

progression, so these results supported our hypothesis of the pathogenic role of anti-

Ro52 polyreactive antibodies.  

The pathogenicity of polyreactive antibodies that recognize dsDNA has been 

investigated in SLE. Anti-dsDNA antibodies are present in a high percentage of SjS 

patients, and they are also characteristic of other autoimmune diseases such as SLE. 

Although their pathogenicity is mostly related to their capacity to form ICs that induce 

inflammation and tissue damage, the link between their polyreactivity and their 

pathogenicity potential has been also investigated in SLE. It has been described that 

anti-dsDNA antibodies are able to cross-react with cardiolipin, phospholipids or other 

ribonucleoproteins such as Sm, suggesting that these antibodies are polyreactive (Ehlers 

et al., 2006). In fact, it was described that polyreactivity is a pathologic characteristic for 

lupus nephritis, since, whereas monospecific anti-dsDNA antibodies did not generate 

lupus nephritis, polyreactive anti-dsDNA antibodies did in vivo. Besides, these anti-

dsDNA antibodies that showed to be polyreactive, also induced neurotoxicity and 

neuronal cell death compared to a control antibody when injected into C57BL/6 mice 

hippocampus, indicating the potential pathogenic role of these polyreactive antibodies 

in the development of neuropsychiatric manifestations in SLE patients when they 

penetrate the blood brain barrier. This neurotoxicity has been related to the cross-

reaction of these anti-dsDNA antibodies with N-methyl-D-aspartate receptor 

(NMDAR), a receptor involved in neuronal cell death pathway (Madaio et al., 1987; 

Pankewycz et al., 1987; Zhang et al., 2009). These events in SLE due to polyreactive 

anti-dsDNA antibodies could be also relevant in SjS and be directly affecting exocrine 

glands.  

With respect to anti-Ro52 autoantibodies, these are present in the majority of SjS 

patients, and they have been also found in other autoimmune diseases such as SLE and 

neonatal lupus syndrome (Harley & Scofield, 1991; Pourmand et al., 1999). 

Importantly, anti-Ro52 autoantibodies levels have been linked with a bad prognostic of 

disease progression (Lindop et al., 2012). Interestingly, neurological disorders have 

been also identified as a common extraglandular manifestation of SjS. Indeed, 



Discussion 

 101 

intramedullary production of anti-Ro52 antibodies has been observed in SjS patients 

who present central nervous system (CNS) involvement. These patients showed to be 

positive for anti-Ro52 antibodies, but the majority were negative for anti-La 

autoantibodies in serum, and the majority showed cerebellar atrophy. Interestingly, the 

autopsy of one of these patients showed a selective loss of Purkinje cells in cerebellum, 

and high expression of Ro52 in these cells was also described. Therefore, it was 

proposed that anti-Ro52 antibodies were likely responsible for cerebellar degeneration 

in SjS patients. Thus, it has been proposed that the presence of anti-Ro52 autoantibodies 

in the cerebrospinal fluid (CSF) can be used as a biomarker for SjS-related CNS 

involvement (Mégevand et al., 2007; Tetsuka et al., 2021).  

The pathogenicity of anti-Ro52 antibodies has been previously studied in vivo using 

mouse models. Szczerba et al. (2016) investigated the consequences of Ro52 

immunization in NZM2758 mice, which do not spontaneously develop anti-Ro52 

antibodies. However, they observed that innate immunity activation though the injection 

of an aluminum-containing adjuvant induced the development of a SjS-like disease. 

Therefore, they immunized these mice with recombinant Ro52 together with the 

adjuvant. They found that Ro52 immunization induced, beyond the consequent anti-

Ro52 autoantibodies production, the deposition of these autoantibodies in mice salivary 

glands. Interestingly, they observed that this deposition was positively correlated with 

salivary gland dysfunction and poor saliva production. Moreover, they decided to 

perform passive transfer experiments with the anti-Ro52 positive sera of the previously 

immunized mice in non-immunized NZM2758 mice, but they didn’t find any 

pathogenic consequence if innate immunity was not previously activated by adjuvant 

injection.  Therefore, they also demonstrated the importance of innate immunity 

activation for the development of SjS disease. Notably, this corresponds with our 

model, since we needed to infect mice with MCMV before autoantibodies injection to 

induce an acuter model that allow us to evaluate the pathogenicity of these antibodies. 

Besides, in the case of CMV infection, it also drives the immune response to salivary 

glands. This innate immune responses activation induces pro-inflammatory cytokines 

production, that have been also reported in SjS patients, and indeed they have been 

related with the induction of Ro52 expression by ductal epithelial cells in salivary gland 

(Szczerba et al., 2016).  
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Importantly, this research group also studied the consequences of Ro52 immunization 

of NZM2758 mice in terms of salivary gland infiltration, IgG deposition and tear 

production. They observed that female mice positive for anti-Ro52 antibodies in sera 

had higher levels of IgG deposition in salivary gland tissue, and that the passive transfer 

of anti-Ro52 positive sera caused the reduction of tear production in these mice. 

Exocrine gland dysfunction investigation has been mostly focused on the study of 

autoantibodies targeting the cholinergic muscarinic receptor 3 (M3R), but these results 

indicate that anti-Ro52 autoantibodies could be also playing a role in exocrine gland 

dysfunction (Trzeciak et al., 2018). Therefore, this link between anti-Ro52 

autoantibodies in exocrine gland dysfunction could be explain because of polyreactivity. 

Surprisingly, as will be discussed later, this link between anti-Ro52 antibodies and 

muscarinic receptors also coincides with the results of this project.  

Regarding exocrine glands infiltration, we observed that H2h4.7.50 induced 

lymphocytic infiltration in salivary glands compared to control and B6.2.58 groups, 

whereas it didn’t induce any histopathological effects on lacrimal glands neither 

extraglandular manifestations such as kidney tissue damage. Importantly, we observed 

increased levels of lymphocytic infiltration in salivary glands after H2h4.7.50 injection, 

mainly driven by CD8+ T cells. Although in humans and various mouse models such as 

NOD.H-2h4 the major population driving exocrine glands infiltrations are T CD4+ cells 

(Puñet-Ortiz et al., 2018; Yao et al., 2020), our results are also in consistence with other 

mouse models in which an increased frequency of CD8+ T cells has been observed in 

submandibular salivary glands. Indeed, in Lgals1 KO mice, besides the increase in 

CD8+ T cells, no differences for B220+ B cells and CD4+ T cells were found, in a 

manner consistent with our model (Martínez-Allo et al., 2020).  

Interestingly, CD8+ T cells infiltrating salivary glands have been shown to express high 

levels of IFN gamma, and it was demonstrated that the adoptive transfer of CD8+ T cells 

with cytotoxic phenotype induced lacrimal gland inflammation in NOD-SCID mice. 

Besides, the specific depletion of these CD8+ T cells abrogates SjS development and 

blocking IFN-  production decreased T cells infiltration (Barr et al., 2017; Gao et al., 

2019; Ríos-Ríos et al., 2020). Thus, our results together with those obtained using other 

mouse models support the crucial role of CD8+ T cells in SjS pathogenesis. In fact, it 

has been demonstrated that these CD8+ lymphocytes can alter tight junction integrity 
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and function in parotid epithelial cells though they cytotoxic function, leading to cell 

death and gland dysfunction damage (Matsumura et al., 2000; Baker et al., 2008).   

Besides, although no differences were observed for B cells within MRL/lpr mice after 

anti-Ro52 polyreactive antibodies injection, it may be of interest to explore the presence 

and potential alteration in MZ B cells within MRL/lpr salivary glands, since MZ B cells 

have been described to infiltrate this target tissue, participating in the GC-like structures 

and the production of autoantibodies, including polyreactive antibodies. Importantly, 

previous research in our group evidenced that depleting MZ B cells using an anti-

CD229 (Ly9) monoclonal antibody can ameliorate disease symptoms (Puñet-Ortiz et 

al., 2018). It is also important to note that we did not observe GC-like structures within 

mice salivary glands. Interestingly, these ectopic structures have been described in 

NOD.H-2h4 mouse model, but not in MRL/lpr mice (Van Blokland et al., 2000). 

Besides, to explore the lymphocytic populations that are infiltrating the salivary glands 

of MRL/lpr within our three experimental groups more deeply may be considered 

worthwhile, for instance including GC markers.  

Furthermore, it has been also described that plasmacytoid dendritic cells (pDCs) play an 

important role when infiltrate the salivary glands, since they are considered professional 

produced of IFN-I cytokines, which induce monocytes to produce BAFF, leading to B 

cell differentiation to plasma cell, leading to autoreactive antibodies production, for 

instance against Ro52, and salivary gland tissue inflammation (Bodewes et al., 2021).  

Therefore, these cells could be crucial in the SjS pathogenesis, and it may be worth 

looking into their presence in MRL/lpr salivary glands by immunofluorescence assays.  

Additionally, our research unveiled a notable increase in Ro52 expression within mice 

treated with the H2h4.7.50 antibody, but not in those receiving B6.2.58. This Ro52 

overexpression was mainly observed in ductal epithelial cells within the salivary gland, 

and it highlights the potential significance of Ro52 in SjS immunopathology. Although 

anti-Ro52 autoantibodies are considered a hallmark of SjS, the extent of this 

autoantigen’s expression within autoimmune target organs remains poorly understood. 

Importantly, Aqrawi et al. (2014) demonstrated that Ro52 expression is induced by pro-

inflammatory stimuli, as a viral infection. In consistence with our results, they also 

showed that Ro52 was overexpressed in ductal epithelial cells, and that this 

overexpression was positively correlated with salivary gland inflammation in SjS 
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patients. They propose that a high expression of Ro52 might induce the breakage of 

tolerance and generation of Ro52 autoantibodies in genetically susceptible individuals, 

and that the up-regulation of Ro52 in ductal epithelium might trigger SjS disease 

progression. Interestingly, the over-expression of Ro52 has been associated with 

apoptosis induction and decreased cell proliferation, and this could explain the tissue 

degeneration and impairment of exocrine glands function.  

Ro52, a multifunctional protein, assumes a pivotal role not only as an autoantigen but 

also as a regulator of immune responses, since it participates in a downregulation loop 

of type I interferon (IFN-I) signaling, a fundamental component of the innate immune 

response. Perturbations in this regulatory pathway may culminate in excessive innate 

immune activation, uncontrolled inflammation, and the potential induction of 

autoimmunity (Jones et al., 2021). Ro52 multifaceted role adds complexity to our 

understanding of how intracellular molecules like Ro52 can orchestrate intricate 

autoantibody responses. Besides, this IFN-I signaling cascade and innate immune 

response can also be induced by infections, such as viral infections by CMV, that in our 

model is the trigger to inflammation in salivary glands.  

How Ro52 can be driving the autoimmune response if it is an intracellular molecule has 

been a subject of debate for years. However, the fact that it can be also being expressed 

in the membrane of SGECs, apoptotic cells or even to be found in exosomes, help to 

elucidate how these anti-Ro52 autoantibodies can be generated in individuals with 

genetic predisposition in which a tolerance breakdown has occur. Interestingly, it has 

been proposed that exosomes containing Ro52 could be taken by DCs, that have been 

described to be accumulated in salivary glands of SjS patients, and therefore these cells 

would be continuously presenting Ro52 peptides to autoreactive T cells infiltrating the 

salivary gland, inducing inflammation, and perpetuating disease progression, salivary 

gland infiltration and autoantibodies production (Bodewes et al., 2019).  

Besides, the expression of Ro52 has been also evaluated in biopsies from cutaneous 

lupus erythematosus (CLE), normal skin biopsies from healthy donors, or in lesions 

induced experimentally by artificial sources of UV-radiation (UVR). They found that 

Ro52 was upregulated in CLE lesions, while in non-affected skin, both from donors and 

patients, Ro52 was not overexpressed. This Ro52 overexpression was observed in 

keratinocytes and dermal cell infiltrates, and they could also induce this Ro52 
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upregulation in keratinocytes by UVR in vitro (Oke et al., 2009). Therefore, Ro52 is 

overexpressed not only in salivary gland tissue of SjS patients, but also in skin lesions 

of CLE patients, and it can be induced by environmental factors that induce pro-

inflammatory signals, such as UVR or viral infections.  

On the other hand, alterations in lymphocytic population percentages and absolute 

counts in spleen were observed by flow cytometry analysis. Regarding T cell 

compartment, we observed an increased in CD3+ and specifically in CD8+ T cells in 

H2h4.7.50 group compared to control and B6.2.58. Importantly, this results corresponds 

to the observed effects in salivary gland infiltration, where we observed an increase in 

CD8+ T cells infiltrating the target organ. Besides, it is important to note that this higher 

number of CD8+ T cells has been also reported in SjS patients compared to healthy 

controls. However, in SjS patients it has been reported a decrease in peripheral CD4+ 

cells, while we didn’t observe any alteration for this subpopulation after anti-Ro52 

polyreactive antibodies injection (Barcelos et al., 2023). Besides, we also observed and 

increase absolute counts for T follicular helper cells (Tfh) in mice that received B6.2.58 

and H2h4.7.50 antibodies compared to control. This increase pf Tfh cells has been 

described in SjS patients, and it has been positively correlated with autoantibody levels. 

Interestingly, Tfh cells can promote B cells maturation and differentiation into plasma 

cells which can produce anti-Ro52 and anti-La autoantibodies, thus participating in 

disease pathogenesis. These cells have been also described to be involved in GC-like 

structures formation though IL-21 production (Barcelos et al., 2021; Wei and Niu, 

2023). In fact, it has been demonstrated that the deficiency of Tfh cells attenuates 

autoantibody production and disease progression in an in vivo model of experimental 

SjS (Xiao et al., 2018).  

Regarding B cells, no alterations were observed for the levels of total B cells between 

groups, and the same result was observed for SjS patients compared to healthy controls 

(Barcelos et al., 2021). Surprisingly, H2h4.7.50 group showed lower levels of MZ B 

cells, GC B cells and B1 cells compared to B6.2.58, but no differences were found 

compared to control. With respect to MZ B cells and B1 cells, both responsible for 

autoantibody production, including polyreactive antibodies, does not correspond to 

autoantibody levels of this group, since autoantibody levels were higher in H2h4.7.50 

compared to both control and B6.2.58 groups. Besides, no differences were observed 
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between groups regarding plasma cells in the bone marrow, which could be attributed to 

the need for a more extended treatment to observe such alterations.  

Additionally, when we analyzed the antibodies reactivity against several systemic 

autoimmune diseases characteristic antigens using the microarray, we observed that 

H2h4.7.50 and H2h4.94, and B6.2.58, showed reactivity against autoimmune systemic 

diseases characteristic antigens such as Sm or cardiolipin. Importantly, the microarray 

showed that these antibodies recognize Ro52, Ro60 and La, the three most characteristic 

autoantigens in SjS. However, polyreactive antibodies showed to have higher affinity 

against Ro52 than for Ro60 and La.  

As it was mentioned before, anti-dsDNA autoantibodies in SLE have been shown to 

cause lupus nephritis and to be cross-reactive with cardiolipin. Cardiolipin is a hallmark 

of antiphospholipid syndrome (APS), characterized by thrombosis and recurrent 

miscarriages. This finding raises questions about potential shared epitopes or pathways 

between Sjögren's syndrome and SLE. Furthermore, the heightened reactivity of 

antibodies against Sm antigens is noteworthy. The Sm antigen complex is a well-

characterized target in SLE. This finding emphasizes the intricate and interconnected 

nature of autoimmune responses.  

On the other hand, H2h4.7.50 and H2h4.7.94 also showed to be reactive against 

muscarinic receptors. These receptors play a crucial role in regulating salivary gland 

secretion, and their dysfunction can lead to impaired saliva production and tear, a 

hallmark of Sjögren's syndrome. The reactivity of these antibodies against muscarinic 

receptors suggests a potential direct link between autoantibodies and the disruption of 

exocrine glands function, and it could explain the tear production suppression when 

anti-Ro52 positive serum was passively transferred in NZM2758 mice (Trzeciak et al., 

2018). In order to evaluate the effect of these antibodies in salivary gland dysfunction, 

further experiments would be needed, and the analysis of salivary gland production 

should be performed in MRL/lpr infected mice during or after treatment with the anti-

Ro52 polyreactive antibodies. Further investigation into the functional consequences of 

this reactivity is warranted, as it may provide insights into the pathogenesis of dry 

mouth in Sjögren's syndrome.  
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Moreover, we also found that these antibodies showed to be reactive against IFN-I 

related cytokines such as IFN-α, so they could be participating in IFN-I signaling 

cascade and inducing alterations in this pathway, what in addition to their reactivity 

against Ro52, could be altering the pathway upstream and downstream. It has been 

demonstrated the importance of type-I IFN signaling and Ro52 in SjS pathogenesis, so 

these autoantibodies could contribute to disease progression altering this pathway at 

different levels, altering the functions of Ro52, IFN receptors, or related cytokines 

(Bodewes et al., 2019).   

In summary, the reactivity patterns of these antibodies against a diverse array of 

antigens provide insights into the multifaceted nature of autoimmune responses in 

Sjögren's syndrome. These findings open possibilities for further exploration and may 

ultimately contribute to better understand SjS pathogenesis. Besides, the other 7 IgG 

antibodies that were included in the microarray, which were first thought to be 

potentially monospecific, also showed to be polyreactive. This result was consistent 

with the result we obtained from the previous B cell repertoire in NOD.H-2h4 mice, in 

which a high proportion of autoantibodies corresponded to polyreactive antibodies 

(Sáez et al., 2021).  

Regarding H2h4.7.94, we anticipated promising outcomes due to its heightened relative 

affinity for antigens resulting from its mutations. However, it displayed a short half-life, 

which led to its exclusion from the in vivo assay. One possible future approach could be 

prolonging H2h4.7.94 half-life through Fc modifications. Indeed, in the context of HIV 

infection therapy, substantial efforts are underway to optimize the half-life and 

pharmacokinetics of bNAbs, with the aim of utilizing them in passive transfer-based 

therapies featuring these engineered polyreactive antibodies (Kwon et al., 2021; Kwon 

et al., 2023). The potential therapeutic utility of polyreactive antibodies is also under 

consideration in the context of various infections, including bacterial and fungal 

infections. In fact, studies have demonstrated the efficacy of Igs preparations with 

enhanced polyreactivity (Djoumerska-Alexieva et al., 2015) as well as the 

administration of the H2h4.7.50 polyreactive antibody (Català et al., 2022) in conferring 

robust protection against septic shock in in vivo experimental sepsis models. Therefore, 

enhancing the pharmacokinetics of these polyreactive antibodies could hold significant 

promise for the development of therapeutic interventions against diverse types of 

infections.  
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In the context of Fc modifications, we also contemplate whether the observed 

differences between B6.2.58 and H2h4.7.50 antibodies can be attributed to their 

respective origins, non-autoimmune and autoimmune strains, or simply to their distinct 

isotypes, IgG3 and IgG2b, respectively. To address these uncertainties, an ongoing 

approach of this research project involves the generation of a recombinant antibody for 

B6.2.58 with an IgG2b subclass. Subsequently, both in vivo assays and subsequent 

analyses will be replicated. Antibody isotypes play a pivotal role in modulating the 

biological functions of antibodies. They significantly influence antibody interactions 

with immune cells, effector functions, and pro- or anti-inflammatory properties. IgG2 

antibodies, characterized by their robust complement activation and effector functions, 

stand in stark contrast to IgG3 antibodies, which often exhibit a more subdued effector 

profile, tending towards regulatory or anti-inflammatory roles. Therefore, this approach 

aims to conclusively establish whether the pathogenic or non-pathogenic attributes of 

the anti-Ro52 polyreactive antibodies are indeed contingent upon the autoimmune 

background of the antibodies. 

Therefore, polyreactive antibodies recognizing Ro52 appear to play a pathogenic role in 

both the initiation and perpetuation of the disease. H2h4.7.50 antibody injection has 

induced the emergence of characteristic SjS-related symptoms and manifestations, 

including elevated serum autoantibodies, infiltration of the salivary gland primarily by 

CD8 cells, and an increase in peripheral CD8 cells. Furthermore, it is noteworthy to 

emphasize the upregulation of Ro52 expression, especially within the ductal epithelial 

cells of the salivary gland, mirroring patterns observed in patients. All of these findings 

collectively support our hypothesis regarding the pathogenic role of anti-Ro52 

antibodies in Sjögren's syndrome. This underscores the importance of prior activation of 

innate immunity, in our case through CMV infection, which directs the immune 

response to the salivary gland. This, together with anti-Ro52 IgG2b antibody injection, 

leads to Ro52 overexpression, increased salivary gland infiltration and heightened 

autoantibody production. Thus, it is evident that this is a multifaceted process with 

various contributing factors.  
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VII. CONCLUSIONS 
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1. MRL/lpr infection with sublethal dose of murine cytomegalovirus induces 

Sjögren’s syndrome-related autoantibodies increase in mouse sera, as well as 

salivary gland leukocyte infiltration, indicating that a useful Sjögren’s syndrome 

mouse model was established.  
 

2. H2h4.7.50 polyreactive antibody induces a significant increase of anti-dsDNA and 

anti-Ro52 autoantibodies levels in mouse sera compared to control and B6.2.58 

groups.  
 

3. H2h4.7.50 polyreactive antibody induces salivary gland infiltration, increasing 

infiltrates number compared to control and B6.2.58 groups.  
 

4. H2h4.7.50 treated mice showed a significantly higher percentage of CD45 positive 

area within the salivary gland, indicating increased levels of lymphocytic 

infiltration. 
 

5. H2h4.7.50 group showed significantly higher CD3 positive area in salivary gland 

tissue. Specifically, H2h4.7.50 induces higher infiltration by CD8 cells compared to 

control and B6.2.58 groups.  
 

6. IgG2 polyreactive antibody against Ro52 induces pathogenic phenomena in 

genetically susceptible mice, indicating a role of these antibodies in the 

pathogenesis of SjS disease. 
 

7. H2h4.7.50 treated mice showed significantly higher number of CD3, CD8 and T 

follicular helper T cells in spleen when analyzed by flow cytometry.  
 

8. All the IgG antibodies that were selected due to their specific patterns to salivary 

gland tissue by immunohistochemistry showed to be highly polyreactive in the 

antigenic microarray.  
 

9. The observed pathogenic effects of anti-Ro52 autoantibodies indicate a role of 

these polyreactive antibodies in the pathogenesis of SjS.  
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