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Rccent advances in cellular and molecular biology have
provided new insights into the etiology and pathogenesis
of diseases. This progress has catalyzed a new era of biomarker
discovery that will likely play a major role in the diagnosis and
clinical management of many diseases that continue to challenge
even the most astute physicians. There is no greater need for
improved diagnostic biomarkers than in the field of systemic
lupus erythematosus (SLE), which continues to be frequently
misdiagnosed, even by expert rheumatologists.' Improved accu-
racy of lupus diagnosis is essential to optimize therapeutic
intervention and ensure treatment of the right patient with the
right drug at the right time. Correct diagnosis of lupus versus
lupuslike mimics is also critical for enrollment of subjects into
lupus clinical trials that might be tainted even by a small number
of misdiagnosed patients.

Historical “Gold Standards”

Assays for antinuclear antibody (ANA) and anti-double-
stranded DNA antibody (anti-dsDNA) have been the basis of
diagnostic laboratory testing for SLE for decades, with little
advance. (In fact, efforts to increase the speed of ANA testing
while reducing cost have led to a deterioration in the utility of
currently available assays for ANA.?) Despite this controversy,
both tests remain widely used, and both will likely retain a role
in the clinical management of patients with lupus for the fore-
seeable future. The ANA assay is highly sensitive for SLE but
lacks specificity. A negative test for ANA will exclude SLE with
about 95% accuracy. As a result, the test remains useful as a gen-
eral screen for SLE. In contrast, the anti-dsDNA assay has high
specificity, such that the likelihood of SLE is 95% or greater if
a patient tests positive. However, the test lacks sensitivity, and
more than 50% of the patients with SLE will test negative at a
single point in time.

Combining ANA and anti-dsDNA assays is a reasonable
approach but still less than ideal. A patient who tests positive
by ANA and anti-dsDNA assays almost certainly has SLE.
However, in the majority (>50%) of cases, a patient with SLE
will have a negative test for anti-dsDNA. A positive ANA and
negative anti-dsDNA result does not distinguish a patient with
lupus from a patient with another disease or even from a healthy
individual, yet such individuals are often misdiagnosed and
labeled as having lupus.

Harnessing the Complement System

Rheumatology researchers and clinicians have long recognized
that the complement system is more intimately involved in the
pathogenesis of SLE than virtually any other disease.> Many
rheumatologists routinely monitor serum levels of C3 and C4
to assess disease activity in patients with SLE and as a diagnostic
aid, even though the proteins have not been formally incorpo-
rated into classification systems for SLE. However, assays for
serum C3 and C4 have never been validated as diagnostic bio-
markers for lupus despite their clinical use for decades.

Laboratory tests for serum C3 and C4 measure the parent
molecules or substrates of complement activation as opposed
to the products. This is one of the drawbacks of C3 and C4
as lupus biomarkers because the acute-phase response during
inflammation can increase C3 and C4 synthesis, offsetting or
balancing activation. In addition, partial deficiencies of C4
occur in the general population and even more frequently in
patients with SLE, resulting in below-normal C4 levels, which
might not be distinguishable from lower C4 levels associated
with complement activation or SLE flare.*

Over the past several years, investigation of the diagnostic
potential of the complement system has shifted away from the
parent protein and toward exploration of soluble complement
activation products, including C3a, C5a, and C4d. Although
promising, the results of these efforts to date have been
insufficient to supplant measurement of the native C3 and C4
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proteins.’ The long history of clinical use of C3 and C4 for the
clinical management of patients with lupus, the suboptimal
utility of the assays, and advances in our understanding of
the complement system have led to investigation of cell-bound
complement activation products (CB-CAPs) as potential
biomarkers for a lupus diagnosis.

CB-CAPs were recognized as a potential source of lupus
biomarkers for several reasons, one of which was the observation
that soluble CAPs might be rapidly hydrolyzed in the circulation
or absorbed by cells and/or tissues, making them short lived. In
addition, multiple types of hematopoietic cells express receptors
for complement activation (split) products. In this regard, C4d
has been identified on surfaces of normal erythrocytes, T and
B lymphocytes, and reticulocytes.® In addition to potential as
diagnostic biomarkers, the capacity of CAPs to bind covalently
to cell surfaces suggested that CB-CAPs might be a fertile source
of biomarkers for discase stratification based on the biology of
distinct circulating cell types. Over the past decade, a series of
investigations has demonstrated that patients with SLE have
substantially higher levels of erythrocyte-bound, lymphocyte-
bound, platelet-bound, and reticulocyte-bound CAPs than do
healthy individuals or patients with other inflammatory, auto-
immune, and rheumatologic discases.?

Diagnostic Panel

Given the complexity of SLE, a single test is unlikely to provide
results that a clinician can use with confidence for a definitive
diagnosis. As such, CB-CAP assays have been shown to add
significant value to accurate lupus diagnosis when combined
with other tests such as the ANA and anti-dsDNA assays.
The current panel, which will likely evolve with future study,
includes ANA, anti-dsDNA, anti-mutated citrullinated vimen-
tin (anti-MCV) antibody, and the CB-CAPs erythrocyte-bound
C4d (E-C4d) and B-cell C4d (B-C4d). In a multicenter clinical
trial conducted at 14 sites by investigators with expertise in
lupus diagnosis, this panel demonstrated 80% sensitivity and
greater than 80% specificity for a lupus diagnosis."’

From the most practical perspective, the CB-CAPs can prove
especially useful to accurately rule in or rule out a diagnosis
of lupus in patients who are ANA positive and anti-dsDNA
negative, assays that are included in this panel. Moreover, a
second-generation test panel has incorporated additional auto-
antibody tests for connective-tissue diseases, which can help
distinguish patients with SLE from lupuslike conditions such as
scleroderma and polymyositis.

CB-CAPs Beyond Lupus Diagnosis
Monitoring: The chronicity of SLE requires regular follow-up
and adjustment of management strategies to control discase
activity. In this regard, there is an urgent need to identify and
validate lupus biomarkers for monitoring and predicting
increasing disease activity and flares. Preliminary investigations
of the reticulocyte-based RC4d and RC3d have demonstrated
good correlation with disease activity and superior performance
compared with measurements of serum C3 and C4."" A multi-
center validation study was launched earlier this year to confirm
the potential of CB-CAPs in monitoring SLE disease activity.
Stratification: Preliminary studies have identified platelets
bearing C4d (PC4d) as a potential biomarker to identify patients
with SLE who have an increased risk of acute ischemic stroke.!?
Precision Medicine: Clinical care of patients with lupus
is rapidly moving toward improved precision (personalized)
medicine. It is generally held that not all patients benefit from
the same therapeutic agents and not all biomarkers will be
useful in all subsets of patients. Current efforts are under way
to determine if CB-CAPs might serve as useful biomarkers to
assess potential response to specific treatments such as those that
interfere with complement activation during disease pathogenesis.
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Summary

CB-CAP assays have demonstrated potential for improving the
diagnosis of SLE, as complementary tests to anti-dsDNA, ANA,
and anti-MCV antibody. An assay panel containing tests for all of
those markers has been validated by multicenter study and is avail-
able for use in clinical practice. Encouraged by the performance
of CB-CAPs as a diagnostic aid, lupus researchers have begun
exploring the potential of CB-CAPs for monitoring disease activ-
ity, detecting lupus flares, identifying patients at increased risk of
thrombosis, and increasing therapeutic precision.
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CME Questions

Instructions: For each question or incomplete statement, choose the answer or completion that is correct. Circle the most appropriate response.

1. Complete the statement.
Advances in cellular and molecular biology have:
A. Eliminated most problems associated with misdiagnosis of SLE
B. Eliminated overdiagnosis of SLE
C. Eliminated underdiagnosis of SLE
D. Failed to produce a biomarker or assay that permits diagnosis of SLE
with reasonable certainty

2. The historical laboratory standard for diagnosis of SLE has been
A. Antinuclear antibodies (ANA)
B. Anti-dsDNA
C. ANA and anti-dsDNA
D. Cell bound complement-activation products

3. A negative ANA test will:
A. Exclude a diagnosis of SLE with about 95% certainty
B. Diagnose SLE with about 95% certainty
C. Lacks both sensitivity and specificity for SLE
D. None of the above

4. The soluble complement-activation product Cd4 has been
identified on:
A. Reticulocytes
B. Erythrocytes
C. T and B lymphocytes
D. All of the above
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