
by gene ontology (GO) and pathway enrichment analysis that
were highly enriched in SLE T cells included mediators of adap-
tive responses and inflammation, and those regulating co-stimula-
tion. By contrast, negative regulators of cell proliferation and
function were found in the healthy control cluster, and dimin-
ished in SLE.
Conclusions Our data demonstrate altered transcriptional pro-
grams of lupus Tfh and Tcm cells, and therapeutic targets in dis-
ease. They also represent the first detailed transcriptional
profiling, and single cell transcriptional profiling, of Tfh cells, the
necessary and critical driver of humoral immunity in SLE.
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Background SLE is a complex disease with very few approved
therapeutic options. Unique opportunities exist to characterise
blood cells, tissues such as kidney and skin, urine, serum and
plasma as part of ongoing longitudinal cohort studies such as
Accelerating Medicines Partnership (AMP) and Autoimmunity
Centres of Excellence (ACE), and investigator initiated or com-
pany-sponsored clinical trials.
Materials and methods SLE blood and tissue samples are being
studied using a variety of single cell measurements as well as stud-
ies of biofluids. Several of these technologies are becoming firmly
established in the SLE field, including single cell RNA Seq of
blood and dissociated kidney using recently-developed methods
in several consortia related to SLE and cancer; low input RNA-
Seq of bulk purified cells; Assay of Transposase Accessible Chro-
matin (ATAC Seq); CyTOF and EpiCyTOF developed through
the ACE consortium; transcript profiling using many methodolo-
gies; meta analysis of existing transcript profiling datasets; auto-
antibody profiling using autoantigen microarrays, and arrays
composed of secreted factors such as cytokines and chemokines;
multiplexed ion beam imaging (MIBI); and unpublished imaging
methods such as CODEX.
Results An overview of multiplexed methods will be presented
and will focus on efforts by the Stanford ACE and collaborating
investigators to develop methods specifically for the study of
SLE. Historical methods will be compared, and ACE datasets on
human SLE, and mouse models of SLE characterised as part of
ALR studies, will be described that demonstrate unique roles for
interferons and STAT signalling in lupus.
Conclusions Big data analyses and multiplexed assays of samples
derived from SLE patients, as well as patients with related auto-
immune diseases, have tremendous potential and should be
included in all clinical trials, with a goal to better understand
pathogenesis and to identify novel therapeutic targets.
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Background Molecular abnormalities in SLE T cells account for
their aberrant function including cytokine production, cytotoxic
responses and help to B cells.
Materials and methods Use of biochemical, molecular biology
and engineered mice; study of kidney tissues and isolated kidney
cells.
Results Calcium calmodulin kinase IV (CaMK4) is expressed at
high levels in T cells from patients with SLE and accounts for the
decreased production of IL-2 and the increased production of il-
17. The mechanisms involved modification of transcription fac-
tors and epigenetic changes. CaMK4 drives proliferation of
mesangial cells in lupus prone mice and the production of IL-6.
In parallel CaMK4 suppresses the expression of nephrin in podo-
cytes resulting in proteinuria and also advances the expression of
CD86 enabling thus podocytes to provide costimulation to
passer-by T cells. Targeted delivery of a CaMK4 inhibitor to CD4
T cells reverses autoimmunity in lupus-prone mice.
Conclusions CaMK4 accounts for the abnormal production of
cytokines by SLE T cells, the proliferation of mesangial cells and
the poor function of podocytes. Targeting CaMK4 and targeted
delivery of CaMK4 inhibitors to T cells has proven promising in
preclinical studies.
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Background Autoreactive CD4+ T cells are essential participants
in the pathogenesis of Systemic Lupus Erythematosus (SLE).
Immune substrate utilisation, including glucose metabolism, plays
a central role in dictating the effector functions of CD4+ T cells.
We hypothesised that 1) SLE T cells have metabolic defects that
enhance their pro-inflammatory functions, and 2) Inhibiting gly-
colytic metabolism in CD4+ T cell may normalise CD4+ T cell
functions and reduce disease symptoms in SLE mice and in
CD4+ T cells from SLE patients.
Materials and methods We utilised four models of spontaneous
lupus, B6.NZM2410.Sle1.Sle2.Sle3 Triple Congenic (TC),
BWF1, BXSB.YAA and B6.lpr that differ in their genetic back-
ground as well as mechanisms of autoimmune activation. C57BL/
6 (B6) served as a non-autoimmune control strain. CD4+ T cells
obtained from lupus-prone mice and controls, as well as from
SLE patients and healthy controls (HC) were treated with meta-
bolic inhibitors, including metformin, which inhibits mitochon-
drial complex I and activates AMPK, and the glycolytic inhibitor
2-Deoxy-D-Glucose (2-DG). Lupus-prone mice were treated with
these drugs, either before or after disease onset. Glycolysis, oxy-
gen consumption, activation and effector subset distribution were
measured in CD4+ T cells. Disease progression was assessed by
measuring standard lupus biomarkers. Gene profiling was per-
formed on CD4+ T cells from SLE patients and HCs.
Results CD4 T cells from lupus mice and patients have a signifi-
cantly higher metabolism as well as an enhanced mTOR activity
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