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Editorial 

The Need for Preclinical Biomarkers in
Systemic Autoimmune Rheumatic Diseases

Systemic autoimmune rheumatic diseases (SARD) include
systemic lupus erythematosus (SLE), Sjӧgren syndrome (SS),
rheumatoid arthritis (RA), and systemic sclerosis (SSc).
SARD are characterized by immune dysregulation, with
varying commonalities in genetic susceptibility1,2, peripheral
blood cytokine profiles (e.g., interferon-α)3 and the
production of antinuclear antibodies (ANA). Each clinical
syndrome is uniquely defined by the presence of specific
autoantibodies, target organ predilection, response to therapy,
and longterm prognosis. 

Although the precise pathogenic mechanisms underlying
SARD in general, and the development of specific clinical
entities in particular are largely unknown, they likely follow
a common pattern of progression from an early preclinical
stage through benign to pathologic autoimmunity, culmin-
ating in overt clinical disease. Several lines of evidence
support this paradigm, with immunological derangements
including time-dependent expansion of pathogenic autoanti-
bodies (e.g., RA4, SLE5), discrete cellular abnormalities
(e.g., decreased regulatory T cells), and rising levels of
circulating proinflammatory cytokines (e.g., RA6) noted in
patients with SARD prior to diagnosis. This temporal
framework is likely common to all SARD; however, vari-
ation in the progression of individual cases — for example
with regard to the elaboration of specific autoantibodies and
other cellular and biochemical derangements — likely influ-
ences the eventual manifestation of particular clinical
syndromes. The timing and nature of disease-defining
variables and branch points have yet to be elucidated. 

Autoantibodies can be found in patients with SARD
years before the emergence of clinical disease, but they are
insufficient to identify individuals at risk of progression.
Serological abnormalities can be found in individuals
unlikely to develop SARD, such as first-degree relatives of
patients with SARD, or individuals with organ-specific
autoimmune disease. Further, given the extended time
interval between the development of serological abnormal-
ities and clinically apparent SARD, autoantibodies cannot
predict the timing of disease onset. A recent study of

preclinical RA defines a 2-year period of escalating
immune dysregulation marked by autoantibody epitope
spreading and rising inflammatory cytokines preceding the
onset of clinical arthritis4. These observations are likely
applicable to other SARD, with the immediate preclinical
period characterized by the rapid accrual of multiple
biochemical abnormalities that frame the transition from
preclinical to overt disease. The identification of
disease-specific biomarkers within this period of accel-
erated immune derangement offers the opportunity to
identify “at-risk” patients, and potentially intervene prior to
the development of full-blown SARD. 

In this issue of The Journal, Steen and co-workers report
on a novel circulating microRNA (miRNA) signature that
identifies patients with SSc when compared to healthy
controls (HC) and, more important, discriminates between
patients with established SSc and SLE7. These miRNA are
short (~22 nucleotides), highly conserved, non-coding
sequences that play a critical role in the posttranslational
modulation of gene expression8. They regulate most
protein-coding genes, exerting control through binding to
target messenger RNA (a single miRNA can have multiple
targets), resulting in repression of protein expression or
direct degradation of the target message. MiRNA play a
critical role in cellular homeostasis8, and their aberrant
expression has been implicated in the pathogenesis of
autoimmune conditions including RA9, SLE10, and multiple
sclerosis11. Further, miRNA likely modulate disease severity
because expression levels of specific miRNA correlate with
measures of disease activity in RA12 and SLE13. Mature
miRNA are expressed within tissues but can also be found
in stable forms in the circulation, raising the possibility that
they may serve as accessible biomarkers of disease14. 

MiRNA are key regulators of tissue growth and repair,
and profound alterations in miRNA expression are
associated with pulmonary15, renal16, and postinfarct
cardiac17 fibrosis. Because tissue fibrosis is the defining
clinical feature of SSc, Steen, et al appropriately examined
the expression profile of miRNA implicated in
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SSc-associated fibrosis, contrasting their expression to
transcripts linked to SLE and inflammation. From an initial
screen of 45 transcripts the authors identified 26 promising
candidates, excluding miRNA with poor reproducibility,
miRNA expressed in a limited number of patients, or
miRNA compromised by sample age. This refined dataset
was systematically tested to define the optimal combination
of miRNA that yielded the best discriminatory accuracy
between SSc and both HC and SLE, and further between
SSc and HC, and the 2 disease states (SSc vs SLE). From
this analysis the authors identified a 21-miRNA signature
that discriminates between SSc and SLE and HC; they also
defined miRNA profiles that distinguish between SSc and
HC (22-miRNA panel), and SSc and SLE (14-miRNA
panel) with diagnostic accuracies of 0.95 and 0.84, respec-
tively. Further refinement demonstrated that miR-17~92
miRNA cluster (decreased in SSc) was the main contributor
to the miRNA profile discriminating between SSc and HC.
It is of note that increased expression of the miR-17~92
cluster has been shown to reduce fibrosis18, suggesting that
these findings reflect underlying disease pathology, and
highlighting the suitability of this cluster as a disease-speci-
fic biomarker. A second signature comprising 4 transcripts,
miR-142-3p and miR-223 (decreased in SSc) and mIR-150
and miR-638 (increased in SSc), effectively differentiated
between SSc and SLE without a significant loss of
diagnostic accuracy (0.81 vs 0.84). The authors propose
that the miR-142-3p is of particular relevance because it is
directly implicated in the regulation of transforming
growth factor-β, a primary driver of tissue fibrosis19,
again anchoring their discriminatory signature in disease
pathogenesis. 

The results reported in this study add to a short but
growing list of potential disease-defining biomarkers 
that discriminate between closely related SARD. In a
ground-breaking study, circulating CXCL4 [chemokine
(C-X-C motif) ligand 4 or platelet factor 4] was shown to be
significantly elevated in patients with early diffuse SSc
versus patients with established disease and SLE patients20.
It remains to be determined whether this disease specificity
also discriminates between SSc and other SARD. Differ-
ences in the peripheral blood expression of BAFF (B cell
activating factor, B lymphocyte stimulator), a cytokine
contributing to the rescue of autoreactive B cells, has been
noted between distinct SARD, with only ~20% of patients
with RA21 showing elevated levels in contrast to the
majority of both patients with SLE and SS22,23. Although
the use of candidate SARD-specific biomarkers has not
been well studied in patients in the preclinical stage, it is
reasonable to expect that several of these discriminatory
abnormalities will be present in the predisease phases of
disease evolution. 

The identification of predisease biomarkers and the
ability to stratify patients by risk of progression and the

potential development of a specific clinical syndrome
presents a significant therapeutic opportunity. Introduction
of therapy in the preclinical stage has the potential not only
to limit organ involvement and dysfunction, but also to
attenuate or inhibit disease progression. Support for early
proactive intervention comes from studies of patients with
SARD at the cusp of disease development. It has been noted
that introduction of hydroxychloroquine is associated with
later onset of SLE in individuals with stereotypical
serology24, and treatment of RA within 12 weeks of diag-
nosis was significantly associated with disease remission25.
Authors from this latter study concluded that this small
window of time following symptom onset and diagnosis
represented the most significant opportunity to establish RA
quiescence.

Early intervention would be of particular relevance in
SSc because, to date, no therapy has been shown to be
effective in reversal or attenuation of fibrosis. The proposed
use of a fibrotic-specific miRNA signature offers the
promise of pre-SARD diagnosis prior to the development of
clinically significant parenchymal involvement, and also
presents a potential target for therapeutic intervention. This
is not an unrealistic proposal, because anti-miRNA targeting
strategies have already proven both safe and effective in the
treatment of hepatitis C infection26. 
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