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Kidney involvement in patients with systemic
lupus erythematosus (SLE) portends a worse
prognosis; thus, early and accurate detection
of lupus nephritis is key. Unfortunately,
current clinical markers, including creatinine
clearance, autoantibodies, serum comple-
ment levels, urine sediment and proteinuria,
do not always reliably identify patients with
kidney disease. Moreover, these biomarkers
do not help distinguish between various
histopathological classes of lupus nephritis,
which are often used as benchmarks to guide
treatment. An intensely hot area of lupus
research currently revolves around biased
and unbiased approaches to identify biomar-
kers that can more reliably predict clinical
and histopathological lupus-associated kidney
activity and, perhaps even more importantly,
durable response to treatment.
Novel biomarkers of lupus nephritis cur-

rently under investigation include but are not
limited to B Lymphocyte Stimulator (BLyS),
A Proliferation-Inducing Ligand (APRIL),
tumor necrosis factor (TNF)-like WEAK
inducer of apoptosis (TWEAK), and Monocyte
Chemoattractant Protein-1 (MCP-1). BLyS,
also known as B cell Activating Factor belong-
ing to the TNF Family (or BAFF), is a trans-
membrane protein that is cleaved by a furin
protease into a biologically active soluble
protein that is important for B cell activation
and differentiation. Numerous studies have
shown that serum BLyS levels are elevated in
patients with SLE compared with controls,
making it the target of the recently Food and
Drug Administration (FDA)-approved lupus
drug, belimumab.1 Currently, the Belimumab
International Lupus Nephritis Study clinical
trial is underway to determine the efficacy of
belimumab in patients with lupus nephritis
(http://www.clinicaltrials.gov, NCT01639339).
Like BLyS, APRIL is a member of the TNF
family, and is thought to have a regulatory role

in B cell proliferation. APRIL levels have been
shown to be elevated in patients with lupus
compared with healthy controls, although one
study has found that levels may be lower in
patients with lupus nephritis compared with
patients who have lupus without kidney
involvement.2 3

TWEAK, a soluble cytokine expressed pri-
marily by infiltrating leucocytes, is upregu-
lated locally on epithelial and mesenchymal
cells in injured and diseased tissues. It binds
to its receptor, Fn14, to mediate proinflam-
matory responses, vascular activation, angio-
genesis, cell growth, cell death, fibrogenic
responses and progenitor responses.4 Urinary
TWEAK levels have been found to be elevated
in patients with lupus nephritis compared
with patients with lupus and no kidney
disease, making this a promising biomarker.5

Furthermore, the Anti-Tweak in Lupus
Nephritis Patients clinical trial examining the
efficacy of an anti-TWEAK monoclonal anti-
body in lupus nephritis is also underway
(http://www.clinicaltrials.gov, NCT01499355).
MCP-1 is a monocyte chemoattractant protein
that induces release of lysosomal enzymes and
generation of superoxide anions from mono-
cytes and macrophages. Studies have found
that urinary levels of MCP-1 are elevated in
patients with lupus nephritis and reportedly
increase during active disease and decrease
with treatment.6 7

In this issue of Lupus Science and Medicine,
Parodis and colleagues evaluate serum BLyS
and APRIL levels in 64 patients with active
lupus nephritis (52 proliferative, 12 mem-
branous) in Sweden. Levels of these two bio-
markers were measured and followed
throughout treatment as potential predictors
of treatment response. Baseline BLyS levels
were higher in patients with lupus nephritis
than in controls and they remained
unchanged even after induction treatment. A
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baseline BLyS level <1.5 ng/mL predicted treatment
response with a positive predictive value of 92%. APRIL
levels were higher in patients with lupus nephritis, but
unlike BLyS levels, APRIL levels decreased following
treatment.8

These findings would suggest that APRIL levels mirror
kidney disease activity and that low serum BLyS levels at
baseline may portend improved prognosis. Interestingly,
this study did what very few other studies involving bio-
markers in lupus nephritis have ever done by comparing
biomarker levels to kidney histopathology to determine
disease activity and response to treatment rather than
simply using a clinical score. An additional study in
Thailand used protocol biopsies 6 months after treat-
ment initiation and found that high serum APRIL levels
corresponded with higher histological activity.9 Clearly,
these thought-provoking findings need validation in
locales other than Sweden and Thailand as well as in
controlled trial settings. This is incredibly important to
do as we determine the legitimacy of cytokine serum
levels as predictors of kidney involvement, disease activ-
ity and response to treatment.
While we await validated biomarkers to assess disease

activity and treatment efficacy, we must rely on the
current gold standard, which is the kidney biopsy. There
is interest in the lupus community regarding the role of
protocol biopsies in the treatment of lupus nephritis,
with limited published studies focused on repeat biop-
sies in this population. The perceived risk of complica-
tions, including pain, bleeding and even death, from
kidney biopsies is often cited as being a contraindication
to performing this procedure in patients who appear to
be in remission. In addition, there is a reluctance to
perform a biopsy in patients who we suspect are doing
well, or who are at least clinically stable, because of this
perceived risk. However, little is known about the actual
risk that mandated protocol biopsies impose on patients
with lupus as there have been few clinical trials that
employ repeat kidney biopsies to evaluate treatment

outcomes. We must therefore turn to the general neph-
rology literature, which reports complication rates
ranging from 0.4% to 12.2%.10 11

One of the few trials to report complication rates of
repeat kidney biopsy was the Mycophenolate Mofetil
Versus Azathioprine for Maintenance Therapy of Lupus
Nephritis (MAINTAIN) randomised controlled trial.
Repeat protocol kidney biopsies were used to evaluate
treatment response and 2 out of 60 biopsies (6.67%)
were associated with complications that were limited and
did not require intervention.12 The study by Parodis and
colleagues in this issue had an even lower complication
rate of 3.1% with only four bleeding episodes out of 127
biopsies performed.
Repeat kidney biopsies are a useful tool to evaluate

response to treatment and guide further intervention,
particularly since there can be transformation in patho-
logical classes, which could warrant changes in manage-
ment. Changes in lupus class have been reported to
occur in 25–75% of patients with lupus nephritis who
undergo repeat kidney biopsies.13 14 In one retrospective
study, changes in morphological classes resulted in treat-
ment regimen modifications in 87.3% of patients under-
going repeat kidney biopsies.15 Additionally, it has been
demonstrated that clinical response does not always cor-
relate with histological response. Patients who appear to
be clinically quiescent can have active inflammatory
lesions on repeat kidney biopsy.16 While proliferative
changes would warrant a more aggressive treatment and
increase in immunosuppression, repeat kidney biopsies
can also detect significant fibrosis before kidney failure
is detected, which could prompt practitioners to limit
immunosuppression in patients whose kidney function is
not likely to improve thereby decreasing complications
associated with immunosuppression.
Great change is afoot in the field of lupus nephritis.

As advances continue to be made in biomarker develop-
ment for lupus nephritis through massive coordinated
efforts to find biomarkers of durable treatment

Figure 1 A proposed framework for harnessing repeat kidney biopsies in lupus nephritis to correlate clinical and histopathological

disease states and identify meaningful biomarkers of disease. A kidney biopsy is performed at diagnosis and biosamples are

obtained. If there is no response to remission induction therapy and/or relapse occurs after successful remission induction, a

kidney biopsy could be performed and biosamples collected. If remission induction is achieved, repeat sampling could occur to

assess histological quiescence, which could dictate next treatment steps and assist with prognosis regarding durable remission.

In addition, a protocol biopsy could occur in all patients at a set time point to correlate clinical and histopathological findings, which

could guide treatment duration. Biosamples could then be subjected to ‘lupusomic’ analyses as described at one or more time

points to identify novel biomarkers of kidney involvement, disease activity and/or response to treatment.
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response, such as the National Institute of Health’s
newly formed Accelerating Medicines Partnership,
repeat kidney biopsies at times of non-response, remis-
sion, relapse and even protocolised time points would
validate potential candidates, and would assess for the
presence of histological remission during times of pre-
sumed clinical quiescence (see figure 1). The potential
fruit of the concept that one biomarker or a panel of
biomarkers could replace the kidney biopsy would be an
incredible step forward in the field. Until then, we
should strongly consider adopting repeat kidney biopsies
perhaps in a protocolised fashion rather than just when
a flare is suspected. While this may be considered by
some to be a more aggressive treatment approach, it
could ultimately translate to improved outcomes in this
vulnerable population.
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