The MRL/lpr Mouse Model: An Important Animal Model for
Systemic Sjögren Syndrome and Polyautoimmunity
To the Editor:

We read with great interest the editorial by Mavragani and Moutsopoulos1,
questioning the historical classification of Sjögren syndrome (SS) as primary
or secondary.
Few authors2 have published papers in line with these criticisms, but
this editorial was of particular interest to us, because Dr. Moutsopoulos and
his team were the ones who coined the concept of secondary SS more than
35 years ago. The authors remind us that it was specifically coined for
patients with SS in a rheumatoid arthritis (RA) background, because of the
clinical, serological, and genetic differences they observed between SS and
SS/RA patients1. The same kind of observations were made only in patients
with primary biliary cirrhosis presenting with sicca syndrome1; however,
the concept of secondary SS has been improperly expanded to include the
other systemic autoimmune diseases, especially systemic lupus erythematosus (SLE). We think that this expansion occurred because SS, especially
secondary SS, is still widely seen as a benign disease, confined to the
exocrine glands, whereas it is now evident that both primary and secondary
SS include patients with systemic disease, life-threatening phenotypes3, and
an increased risk for lymphoma development1. Because this primary/secondary SS dichotomy misrepresents the potential manifestations and risks of
the syndrome, as soon as the criteria for SS are fulfilled, we agree with the
authors to say that the term secondary should be replaced by a more
descriptive term (i.e., SS associated with) or polyautoimmunity, as preferred
by other authors2.
Consequently, the same dichotomy has been used to classify the animal
models of SS4. Choosing the right animal model for a preclinical trial in
systemic autoimmune diseases (SS, SLE, systemic sclerosis…) is always
challenging, because of the complex and incompletely understood pathophysiology of these diseases, but in SS it is even more complicated because
of this classification. Indeed, many investigators and experts consider that
all the new treatments, including immunosuppressants, biologics, and
targeted therapies, should be evaluated in the primary SS mouse models
[e.g., nonobese diabetic (NOD) mice and their derivatives, which are first,
type 1 diabetes models] while these models are almost always limited to the
glandular disease. In clinical practice, such patients would not be eligible
for immunological therapies owing to the unfavorable risk-benefit balance.
We conducted a preclinical trial using an innovative anti-interferon
(IFN)-α therapeutic vaccine in a well-recognized congenital model of SS,
the MRL/MpJ-Faslpr/lpr (MRL/lpr) mouse model4,5. Despite good results
(reduction of the global disease activity, type 1 IFN signature, and glandular
infiltrates), we experienced difficulties in the publication process (the
manuscript is still under review) because this model is usually referred to
as a secondary mouse model of SS. That is because MRL/lpr mice present
with glomerulonephritis, which is classic in SLE but rare (although not
absent) in SS6. Of note, the MRL/lpr mouse model has also been historically
identified as a pivotal model for neurological SLE7, because of the
neuropsychiatric/central nervous system (CNS) manifestations (which are
not absent either in SS) seen in these mice. MRL/lpr mice also present with
peripheral neuropathy, a particularly rare complication of SLE, but one of
the most frequent in SS6. Apart from these features, the clinical, biological,
and histological phenotype of MRL/lpr mice encompasses the key features
of SS: female sex predilection, decreased salivary flow rate (a feature
erroneously noted as absent in all the review papers4 about animal models
of SS, but which was noticed by us and other teams8 in MRL/lpr mice) and
tear production, lymphocytic infiltrates in the salivary and lacrimal glands,
and anti-Ro/SSA and anti-La/SSB autoantibodies production. Apart from
the renal and CNS/peripheral nervous system manifestations, these mice
also develop other manifestations resembling those of human patients with
systemic SS, such as arthritis, pneumonitis, cryoglobulinemia, and signs of
lymphoproliferation (lymphadenopathies, splenomegaly)7. Even the
NOD/ShiLtJ-derived model NOD.B10Sn-H2b/J (NOD.B10), which was
described by Kiripolsky, et al9 as an excellent tool for trials designed to
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evaluate extraglandular manifestations in SS, has fewer systemic features
than MRL/lpr mice.
Finally, the etiopathogenesis of autoimmunity in these MRL/lpr mice
encompasses pathogenic mechanisms leading to SS in humans, such as the
upregulation of type 1 (Killian, et al, aforementioned unpublished work)
and type 2 IFN7 pathways, as well as the proliferation of double-negative
(CD4–CD8–) T cells10, due to the lymphoproliferation (lpr) mutation-related
defect in Fas-mediated apoptosis of autoreactive T cells.
No perfect model for SS exists, since no single mouse model has replicated each and every aspect of human SS to date. However, we think that
the MRL/lpr mouse model should be considered as a model of choice for
preclinical trials evaluating new immunological treatments in SS.
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