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Background Systemic lupus erythematosus (SLE) is a complex
autoimmune disease stemming from a poorly understood preclin-
ical stage of autoantibody and symptom accrual. Antinuclear
autoantibodies (ANAs) accumulate during this preclinical period.
As many healthy individuals are also ANA-positive, this study
aimed to identify further immune dysregulation that may contrib-
ute to disease pathogenesis.
Materials and methods SLE-associated autoantibodies, serum
IFN-alpha activity and soluble mediators from multiple immune
pathways were measured in serial serum samples from the
Department of Defense Serum Repository by bead-based assays
and cell-based reporter assays. Eighty-four patients with samples
available pre- and post-SLE classification (average timespan = 5.98
years) were compared to 86 matched healthy controls. Temporal
and predictive connexions between autoantibodies, soluble medi-
ators, and SLE classification were determined by mixed linear
regression, growth curve modelling, path analysis, analysis of
covariance and random forest analyses.
Results In cases, but not matched controls, autoantibody specific-
ities and IFN-associated mediators accumulated over a period of
years, plateauing near the time of disease classification
(p < 0.001). Nine soluble mediators, including IL-5 (q = 4.35 ×
10�6) and IL-6 (q = 8.26 × 10�6), were significantly elevated in
cases vs. controls >3.5 years pre-classification. Th1-type, Th17-
type, and TNF superfamily soluble mediators increased longitudi-
nally in cases approaching SLE classification, but not in controls
(q < 0.05). In particular, levels of BLyS and APRIL were compa-
rable in cases and controls until <10 months pre-classification
(q = 0.003 and q = 0.019, respectively). During the early pre-
clinical stage, random forest models incorporating IL-5 and IL-6
levels (79–82% accuracy) distinguished future SLE patients better
than models with ANA alone (58% accuracy). Autoantibody posi-
tivity coincided with or followed type II IFN dysregulation, pre-
ceding IFN-a activity in growth curve models, with elevated
IFN-a activity and BLyS levels occurring shortly before SLE clas-
sification (p £ 0.005). Cases were distinguished by multivariate
random forest models incorporating IFN-g , MCP-3, anti-chroma-
tin and anti-spliceosome antibodies (accuracy 93% >4 years pre-
classification; 97% within 2 years of SLE classification).
Conclusions Years before SLE classification, enhancement of the
type II IFN pathway allows for accumulation of autoantibodies
and subsequent elevations in IFN-a activity immediately precede
SLE classification. These and other serologic mediators demon-
strate a long progression of immune dysregulation leading to SLE
classification. Immunological profiles that distinguish individuals
who develop clinical SLE may be useful for delineating early
pathogenesis, discovering therapeutic targets, and designing pre-
vention trials.
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Background Abnormal selection of self-reactive B cells has been
shown to occur at the transitional B cell stage, the tolerance
checkpoint II, in systemic lupus erythematosus (SLE). This study
investigated novel mechanisms of IFN-beta (IFNb)-dependent tol-
erance loss of transitional B cells.
Materials and methods Using a La-peptide specific tetramer,
La13-27 autoreactive B cells from the spleens of B6 and autoim-
mune BXD2 mice were analysed for the development of CD93+
transitional B cell subsets. Mice were treated with IFNa, IFNb, or
anti-IFNAR to induce or block type I IFNs. qRT-PCR was used
to determine expression of IFN and genes involved in type I IFN
induction and responses. IFNB1 expression in human SLE
patients and mouse B cells was determined by intracellular flow
cytometry analysis.
Results Enhanced IFNAR provided a needed signal to promote
transitional (CD93+) autoreactive (La13-27+) B cell maturation
and survival in BXD2 mice. IFNb, compared to IFNa, exhibited
a more potent effect to stimulate BXD2 transitional B cells. Sur-
prisingly, there was abnormal elevation of IFNb in transitional
T1 B cells of BXD2 mice. Autocrine production and stimulation
by type I IFN was necessary for optimal anti-IgM-induced transi-
tional B cell activation in purified B cells from BXD2, and the
effect was abrogated by IFNAR blockade. Despite the higher
expression of IFNb, there was lower expression of genes involved
in nucleic acid sensing and TLR pathway (Rig1, Mda5, Pkr,
Zbp1, Irf3, and Irf7) in BXD2 T1 B cells, compared to B6 T1 B
cells, suggesting non-conventional induction of Ifnb in BXD2 T1
B cells. Interestingly, in vivo immune complex stimulation
enhanced Ifnb levels in BXD2 T1 cells. Further, BXD2 but not
B6 T1 B cells were susceptible to anti-IgM induction of IFNb.
Higher expression of Ifnb1 was also found in La(+) B cells com-
pared to La(-) B cells, suggesting that BCR stimulation may pro-
vide a signal to enhance type I IFN expression in BXD2 B cells.
Similar to the mouse finding, elevation of IFNb was identified in
9G4+ transitional B cells from SLE patient, compared to B cells
from healthy controls.
Conclusions These results suggest that transitional B cells from
BXD2 mice exhibit autocrine stimulation by intracellular IFNb.
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In combination with BCR signalling, this facilitates survival and
maturation of autoreactive B cells that otherwise will be deleted.
Identification of the molecular mechanism leading to INFb auto-
crine stimulation in transitional B cells should unveil new path-
ways for development of autoreactive B cells.
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Background TREX1 is an endoplasmic reticulum (ER)-associated
exonuclease and a critical negative regulator of innate immunity.
TREX1 mutations are associated with several autoimmune and
autoinflammatory diseases, including Aicardi–Goutières syn-
drome (AGS), familial chilblain lupus, systemic lupus erythemato-
sus (SLE), and retinal vasculopathy with cerebral leukodystrophy
(RVCL). Both DNase-dependent and –independent functions
have been described for TREX1 N-terminal DNase domain and
C-terminal ER localization domain, respectively. Biallelic muta-
tions abrogating DNase activity cause autoimmunity by allowing
immunogenic self-DNA to activate the cGAS-STING-TBK1 sig-
nalling pathway leading to type I interferon (IFN) response and
autoimmunity.
Methods and results We recently showed that inhibiting TBK1
by a potent small molecule inhibitor, Compound II, was able to
ameliorate autoimmune disease phenotypes of Trex1-/- mice,
increase mouse survival, and dampen the IFN gene signature in
TREX1 mutant patient lymphoblasts. We are also interested in a
group of dominant frame-shift (fs) mutations that encode DNase-
active but mislocalized proteins. We found that TREX1 C-termi-
nus suppressed immune activation by interacting with the ER oli-
gosaccharyltransferase (OST) complex and stabilising its catalytic
integrity. C-terminal truncation of TREX1 by fs mutations dysre-
gulated the OST complex, leading to free glycan release, immune
activation and autoantibody production. Proper glycosylation of
proteins in immunity is critical for their function, and protein
glycosylation is also important for preventing self-immune recog-
nition and production of autoantibodies. We recently established
the TREX1-V235fs knock-in mouse to better understand the dis-
ease associated with TREX1-fs mutations.
Conclusion Together, our past and ongoing studies reveal dual
functions of TREX1 in regulating self-DNA and self-glycan
metabolism, and suggest potential therapeutic targets and options
for TREX1 mutant-associated autoimmune diseases.
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Background Recent studies have documented numerous common
and several rare genetic variants that are associated with SLE, but
the endogenous and exogenous triggers that initiate and perpetu-
ate disease have not yet been defined. The presence of elevated
serum type I interferon (IFN-I) activity and a broad signature of
IFN-I-induced gene transcripts and proteins in blood and tissue
of patients with lupus and other systemic autoimmune diseases,
including primary Sjogren’s syndrome (SS), are consistent with a
viral trigger, but available data have not identified an exogenous
virus as an etiologic agent in these diseases. To identify disease-
relevant triggers of the IFN-I pathway we investigated whether
endogenous virus-like genomic repeat elements, normally silent,
might be expressed in patients with systemic autoimmune disease,
activate an innate immune response and induce IFN-I.
Materials and methods Expression of IFN-I and long inter-
spersed nuclear element-1 (LINE-1; L1) was studied in kidney tis-
sue from lupus patients and minor salivary gland (MSG) tissue
from patients with primary SS by PCR, western blot and immu-
nohistochemistry. Induction of IFN-I by L1 was investigated by
transfection of plasmacytoid dendritic cells (pDCs) or monocytes
with an L1-encoding plasmid or L1 RNA. Involvement of innate
immune pathways and altered L1 methylation were assessed.
Results L1 mRNA transcripts were increased in lupus nephritis
kidneys and in MSG from SS patients and correlated with IFN-I
expression. Using bisulfite-PCR pyrosequencing, a negative corre-
lation of L1 expression with% L1 methylation was documented
for the majority of L1 promoter CpG sites tested, suggesting that
augmented demethylation processes, or alternatively impaired
remethylation, might account for the observed L1 overexpression
in SS MSG tissues. L1 open reading frame 1/p40 protein and
IFN-beta were expressed in MSG ductal epithelial cells and in
lupus kidneys, and IFN-alpha was detected in infiltrating pDCs.
Transfection of pDCs or monocytes with L1-encoding DNA or
RNA or U1 RNA, but not hY3 RNA, induced IFN-I. Inhibition
of TLR7/8 reduced L1 induction of IFN-alpha in pDCs, and an
inhibitor of IKK-epsilon/TBK1 abrogated induction of IFN-I by
L1 RNA in monocytes.
Conclusions L1 genomic repeat elements represent endogenous
nucleic acid triggers of the IFN-I pathway in SLE and SS and may
contribute to initiation or amplification of autoimmune disease.
Investigation of the genetic and environmental factors that alter
regulation of L1 elements and increase availability of these
endogenous immunostimulatory factors should suggest novel
therapeutic interventions in SLE and related diseases.
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