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Systemic lupus erythematosus (SLE) is a disease of immune complex deposition; therefore, complement plays a
vital role in the pathogenesis of SLE. In general, complement levels in blood and complement deposition in
histological tests are used for the management of SLE. Thus, the evaluation of complement status can be useful in
the diagnosis of SLE, assessment of disease activity, and prediction of treatment response and prognosis. In
addition, novel complement biomarkers, such as split products and cell-bound complement activation products, are
considered to be more sensitive than traditional complement markers, such as serum C3 and C4 levels and total

complement activity (CH50), which become more widely used.

systemic lupus erythematosus lupus nephritis complement

| 1. Introduction

Systemic lupus erythematosus (SLE) is a typical systemic autoimmune disease characterized by the production of
a variety of autoantibodies and the formation of immune complexes, with a chronic disease course and diverse
organ involvement LB |n 2014, besides the enhancement of SLE drugs, the treat-to-target concept was
proposed for SLE 1, as previously proposed for rheumatoid arthritis. In addition, the basic framework of treatment
strategies for SLE was established. In a treat-to-target strategy, treatment aiming at remission or where remission
cannot be reached, the lowest possible disease activity must be conducted after periodically assessing overall SLE
disease activity 4. Furthermore, this strategy aims to ensure long-term survival, prevent organ damage, and
optimize health-related quality of life by controlling disease activity and minimizing comorbidities and drug toxicity
4l Therefore, these treatment strategies require strict management based on disease activity monitoring.
Biomarkers can be used in this management, but they have not yet been established because SLE is associated

with various organs with diverse immunological abnormalities BIEI7],

SLE is a disease of immune complex deposition; thus, complements play a vital role in the pathogenesis of SLE 8
B0 |n SLE, complements have a biphasic nature, which is known as the “lupus paradox 11" That is,
complement activation via immune complexes deposited in tissues causes tissue damage, whereas congenital
deficiencies of the early components of complement activation pathways, such as C1q and C4, which are involved
in the processing of apoptotic cells, frequently lead to the development of SLE 12, In SLE, complement tests are
usually abnormal, indicating complement-mediated pathologies. In general, complement levels in blood and

complement deposition in histological tests are used for the management of SLE. Moreover, complement
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biomarkers can be useful in various settings, including the diagnosis of SLE, assessment of disease activity, and

prediction of treatment response and prognosis.

| 2. Complement

Complement is formed from more than 30 components found in blood and cell membranes, including plasma
proteins, receptors on cell membranes, and regulatory factors. As shown in Figure 1, complement activation
occurs through a series of chain reactions, which is known as a cascade. C3 activation is the most critical event.
The complement response can be divided into two pathways: the “complement activation pathway” until C3 is
degraded and the “late complement pathway” until the subsequent formation of the membrane attack complex. The
complement activation pathway is divided into three: the classical pathway, the lectin pathway, and the alternative
pathway. After C3 activation, the cascade to its deposition on a target as C3b and the formation of membrane

attack complexes below C5 are common.
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Figure 1. The complement cascade.

The factors that trigger the complement activation pathway are distinct, and they mediate different complement
molecules. In the classical pathway, when an antibody binds to an antigen to form an immune complex, C1q binds
to this immune complex and immediately activates C1r, which activates C1s. Then, this activated C1s activates C4
and then C2, leading to form C4bC2a, which is a C3-converting enzyme that activates C3. When C3 is activated, it
is cleaved into fragments C3a and C3b, and C3b associates with C4bC2a to form C4bC2aC3b, a C5-converting
enzyme that activates C5. It mediates the cleavage of the a-chain of C3b, leading to the formation of iC3b, followed
by its further degradation into C3dg and C3d. In the lectin pathway, when mannose-binding lectin (MBL) and ficolin
recognize and bind to the characteristic glycan structure of the pathogen cell wall, MBL-associated serine protease,

a serine protease that is bound to MBL, is activated.
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| 3. Complement Tests

In routine clinical practice, serum C3 and C4 levels and CH50 are usually measured in blood samples, and

complement deposition is identified by fluorescent antibody assay of tissues.

C3 and C4 are proteins of the complement cascade. In general, C3 and C4 are measured in serum, but samples
such as urine, pleural fluid, and spinal fluid can also be used. In SLE, hypocomplementemia, decreased levels
either of C3 and C4 or both occurs as an immunological abnormality. C3 is included in the common cascade after
the convergence of the three pathways. By contrast, C4 is included in the classical and lectin pathways. Therefore,
low levels of both proteins indicate the activation of these two pathways, whereas low C3 and normal C4 indicate

the activation of the alternative pathway.

Plasma C4 levels are strongly influenced by and correlated with C4 gene copy numbers 13I[14115]116] Each copy of
the C4 gene encodes for one of two isotypes, acidic C4A or basic C4B. Congenital deficiency or a low copy
number of the C4A gene has been associated with the development of SLE 7. By contrast, a low C4B gene copy
number did not show this association, and a medium to high C4B copy number was associated with thrombosis
and hypertension in patients with pediatric SLE 2!, The profiles of C4 and C3 protein levels are different in each
patient with SLE depending on the C4 gene copy number; therefore, there is a group of patients with low C4 levels
due to low C4 gene copy number and without reflecting disease activity 4. If only C4 shows persistently low

levels, then the possibility of a low copy number of the C4 genes should be considered in the evaluation 14][151[16]

CH50 measures the hemolytic activity of serum samples against sensitized sheep erythrocytes. It is indexed by its
ability to form membrane attack complexes via the classical pathway, and it reflects immune complex formation. It
helps in complement-screening tests because it simultaneously measures all the complement activities from C1 to
C9. In active SLE, CH50 levels are low because of complement consumption caused by the increased activation of
the classical pathway. If they are extremely low, then the possibility of a congenital defect is considered. In the case
of low CH50 levels with normal C3 and C4 levels, it is important to exclude artificial in vitro complement activation

(cold activation) after the blood sample is taken.

Complements are also used in the immunological testing of tissues. In SLE, reactions to Clqg, C3, and C4 are
observed in the renal glomeruli and at the dermo—epidermal border of the skin by fluorescent antibody assay. It is

useful in evaluating affected organs and in the differentiation of other diseases.

Other novel biomarkers used include C1q, which is essential for the activation of the classical pathway; split
product, which is a degraded product of complement; and cell-bound complement activation product (CB-CAP), a

cell surface binding of C4d.

| 4. Traditional Complement Markers in SLE Diagnosis

4.1. SLE Diagnosis
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The diagnosis of SLE has no gold standard; thus, it is based on classification criteria that reflect the variety of
immunological abnormalities and diverse organ involvement characteristics of SLE. Although the SLE classification
criteria have been revised in recent years, the currently used 2019 European League Against Rheumatism
(EULAR) and American College of Rheumatology (ACR) classification criteria for SLE emphasizes immunological
abnormalities and nephritis (18], Consequently, complement, which was not included in the 1997 ACR classification
criteria, was added to the list of immune domains in the current classification criteria, along with SLE-specific and
antiphospholipid antibodies L8120 Hypnocomplementemia is defined as a decrease in C3, C4, or CH50 based on
the 2012 Systemic Lupus International Collaborating Clinics classification criteria, or low C3 and/or C4 based on
the 2019 EULAR/ACR classification criteria 18201 A decrease in both C3 and C4, which suggests the involvement
of the classical pathway, was considered as a more important finding, which was given a higher weight. Regarding
the validation studies of the 2019 EULAR/ACR classification criteria, the frequency of hypocomplementemia (low

C3 or C4) at diagnosis of SLE is 50%—-89%, which is not commonly observed in all cases [211122][23]

4.2. Diagnosis and Prediction of Organ Involvement

After the diagnosis of SLE, proper evaluation of the affected organs is important to provide optimal treatment. SLE
presents with a variety of organ involvement, and it may be classified into several subgroups based on the organs
affected and immunological abnormalities. Studies investigating the relationship between complements and organ
involvement have shown the association of hypocomplementemia with nephritis, hematologic disorders such as

autoimmune hemolytic anemia and thrombocytopenia, skin rash, and arthritis [241231[26],

The measurement of complements is also useful in appropriately ruling out other diseases to confirm whether
organ involvement is caused by SLE. In a report in which renal biopsies were performed on 48 patients with SLE
without abnormal urinalysis and renal impairment, 36 patients had lupus nephritis (class | or 1, 72%; class Il or IV,
17%; and type V, 11%), and hypocomplementemia (low titers of CH50 and C3) and a high titer of anti-Sm
antibodies were identified as predictive factors for silent lupus nephritis. Complements measured in samples other

than serum are used to differentiate other diseases 27,

5. Traditional Complement Markers in the Assessment of
SLE Activity

In a treat-to-target strategy, SLE treatment is aimed at remission or, at least, low disease activity after regular
evaluation of the overall disease activity [4. Therefore, disease activity assessment indicators and treatment goals

must be established.

In general, the assessment of disease activity in SLE is based on a combination of the type and severity of organ
involvement and immunological abnormalities. Complements, along with anti-dsDNA antibody titers, are used in
routine clinical practice as a biomarker for immunological abnormalities in SLE, and hypocomplementemia reflects
the activity of SLE. The systemic lupus erythematosus disease activity index (SLEDAI), the validated activity index,

frequently used for assessing global SLE activity, includes the presence of low complements, that is the decrease
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in CH50, C3, or C4 in qualitative assessment [28]. On the contrary, the British Isles Lupus Assessment Group index,

which evaluates disease activity by each organ-based system, does not include immunological abnormalities 22,

A composite definition is also used for low disease activity and remission, which are treatment targets of SLE.
Although no criteria have been established, the lupus low disease activity state (LLDAS) is used as a general low
disease activity criterion, and the definitions of remission in SLE (DORIS) is used as a remission criterion BB,
These composite indices combine the disease activity measured using the SLEDAI, the exclusion of any current
disease activity not included in the SLEDAI, physician global assessment, and medication use, including
glucocorticoid dosage. The definition of LLDAS allows for a SLEDAI-2K score of 4 or less. LLDAS may also be
met, although hypocomplementemia and elevated anti-dsDNA antibodies remain unchanged. On the contrary,

DORIS initially proposed complete remission, which requires no serological activities 32,

6. Traditional Complement Markers in Predicting SLE
Treatment Response

In recent years, biologic drugs such as belimumab, an anti-B-cell activating factor (BAFF) monoclonal antibody,
and anifrolumab, an anti-interferon-a receptor monoclonal antibody, have become available for SLE. Compared
with glucocorticoids and conventional immunosuppressive drugs, which act on a relatively broad range of immune
cells, biologic drugs have a clear therapeutic target, and the mechanism of action of the drug may predict treatment
response. Belimumab is known to be more effective at high BAFF levels and anifrolumab at high interferon
signatures [B8l34 However, these markers cannot be measured in routine clinical practice. Thus, markers

predicting response to biologic drugs must be established within routine clinical practice.

7. Traditional Complement Markers in Predicting SLE
Prognosis

The prevention of flares is an important goal in the management of SLE. Early detection of signs of flares through
careful monitoring of the global and organ-specific disease activity is essential, but understanding the risk factors
that predict flares is also important. The 2019 update of the EULAR recommendations for the management of SLE
identifies persistent serological activity (low complement and/or high anti-dsDNA antibodies) as risk factors, along

with younger age at disease onset, no use of antimalarials, and persistent generalized disease activity 52,

In routine clinical practice, the assessment of the disease activity often considers the fluctuation in complement
levels and anti-dsDNA antibody titers, but many clinical studies have reported the presence of
hypocomplementemia at a single point in time, such as at the achievement of remission or at the beginning of
observation. Gensous et al. and Kostopoulou et al. conducted a systematic literature review on whether
complement predicts SLE flares and reported that many studies have shown that hypocomplementemia (low

serum C3 and C4 levels) is a predictor of flares [B8I37],
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| 8. Novel Complement Biomarkers in SLE Management
8.1. C1q

Clq is essential for activating the classical pathway, and a decrease in Clq levels, as with C3 and C4 levels,
indicates high disease activity in SLE. Although the utility of C1q deposition in renal tissue and anti-C1q antibodies
in the management of SLE is well established 28 serum Clq can also be a useful biomarker. Serum Clq levels
were decreased in patients with SLE compared with healthy controls, and they were associated with disease
activity as measured by SLEDAI B9 Serum Ciq levels were also decreased in patients with lupus nephritis
compared with healthy controls and patients with SLE uncomplicated by nepbhritis, indicating the activity of nephritis
and the histological activity score of renal tissue [E240[41],

8.2. Split Products

Split products are the cleavage fragments of the complement components. Known cleavage fragments of C3
include iC3b, C3dg, and C3d, and C4d is a cleavage fragment of C4 (Figure 1). The split products are only
produced by complement activation, unaffected by increased production by the acute-phase response. Therefore,
the assay is characterized by its ability to reflect complement activation in vivo more sensitively than the currently
used C3 and C4.

iC3b is the breakdown product of C3b, a cleavage fragment of C3. Serum iC3b levels were elevated in patients
with SLE compared with healthy controls, and the serum iC3b/C3 ratio was more sensitive to changes in disease

activity than serum C3 or C4 levels, making it more useful for detecting active SLE and predicting flares 421,

C4d is a cleavage product of C4b produced from the degradation of C4. Plasma C4d levels were elevated in
patients with SLE compared with healthy controls, and they were particularly high in patients with nephritis 431441,
Plasma C4d levels correlated with C4d deposition in renal tissue, indicating nephritis activity, and they could be

used in predicting flares and treatment response 441,

8.3. Cell-Bound Complement Activation Product (CB-CAP)

C4d is not only present in plasma, but it is also bound to the surface of blood cells. It is known as CB-CAP, which
binds to erythrocytes, platelets, and B cells. C4d on each cell surface is measured using a flow cytometer. In 2004,
erythrocyte C4d was measured and reported to be a biomarker with better sensitivity and specificity than traditional
complement markers for the diagnosis of SLE 42!,
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