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ABSTRACT 

An analysis was carried out and a technology was proposed in 

connection with the use of complement components to identify 

biomarkers of autoimmune diseases. The technology of detection of a 

biomarker of systemic lupus erythematosus (SLE) - subisotype C4A5-

pI-3,8-BLOT-pH7 of the complement system component C4 in the 

serum of patients is evaluated. The uniqueness of the identified 

subisotype lies in the indication of the depth of the patient's lesion with 

SLE against the background of antiphospholipid syndrome (APS). The 

prospects of biomarker subisotypes involving the complement system 

are discussed.  
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1. INTRODUCTION 

Among hereditary and acquired diseases, a group of systemic rheumatic autoimmune 

pathologies is distinguished as multifactorial, proceeding through the appearance of chronic 

forms that are difficult to diagnose. The search for phenotypic biomarkers of rheumatic 

diseases such as systemic lupus erythematosus (SLE) by serum analysis, as in the case of 

other systemic rheumatic autoimmune diseases, is relevant.  

 

The most complexly organized and effective protection of the first level of the body is the 

metabolic-cellular complement system of innate immunity. At the same time, a special role in 

early warning and complement action is played by the C4+C3 component system, activated 

fragments (C4b, C3b) of which covalently bind/cross-link carbohydrate and protein targets on 

the cell surface or in solution, exhibiting properties against pathogens and human altered/ 

pathological structures. Congenital and acquired deficiencies of the C4B and C4A isotypes of 

the C4 component of the complement system affect the functioning of all three complement 

pathways (lectin, classical and alternative) and allow us to assess not only the risk of 

rheumatic disease, but also its current status by the presence of circulating immune 

complexes (CIC) and protein aggregates associated with C4b in the blood.
[1]

  

 

At the same time, the disease status may progress towards increasing the depth of damage to 

the body by emerging concomitant diseases. Thus, there is a task of searching for biomarkers 

not only as indicators of the presence of a particular disease, but also as indicators of the 

depth of the developing pathological process due to the contribution of additional types of 

pathologies. 

 

1.1. Evaluation of approaches in the study of SLE biomarkers 

*The use of combinations of isoelectrofocusing (IEF), polyacrylamide gel (PAG) and 

immunoblotting
[2-4]

 does not provide unambiguous identification of biomarkers of rheumatic 

and neurodegenerative diseases, although IEF types of disease patterns are detected, 

including using affinity blotting for viral antigens and chemiluminescence analysis.  
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*Blood protein aggregates formed and distributed in PAG at strongly acidic pH
[2,5]

, in cases 

of SLE, are characterized by an increased content of autoreactive CIC of the predominant 

IgM and/or IgG type, which also include C4/C3 complement components.
[5-7]

 Such CIC can 

be considered as variants of SLE biomarkers, which are also defined with micropanel 

immune enzyme analysis (IEA).
[8]

  

 

*Changes in the complement system are recorded as biomarker characterization processes of 

SLE
[5,9,10,11]

, allowing to systematically describe types of pathologies, including SLE with 

antiphospholipid syndrome (APS) or concomitant other types of pathologies (hypertension 

and cisstatin therapy.
[5,10,12]

 In cases of SLE+APS, such complement components as factor-H 

(Sia-binding lectin), mannan-binding lectins, as well as ACLA-IgM decrease in the blood, 

against the background of an increase in C4A, C4B and C3.
[10]

 In rheumatic diseases, the 

levels of complement activation products with the participation of reactive C4b and C3b 

fragments (form covalent complexes and aggregates) increase, which correlate better with the 

disease.
[11]

  

 

*Hereditary and acquired deficits of C4A or C4B (a geographical dependence of the 

deficiency was noted) in the assessment of rheumatic diseases, including SLE, are widely 

considered in the literature.
[5,12-14]

 The deficits of the C4 component isotypes C4A and C4B 

were found to correspond to the risks of systemic diseases in patients. 

 

*The potential of CIC biological activities in cases of SLE
[15]

 includes, at least, the 

determination of the cytolytic activity of CIC against complement-labeled cells of foreign or 

human abnormal cells, as well as stimulation of cytokine production.  

 

*In connection with vaccines
[16]

, research on ways to reduce the risk of viral and bacterial 

infections in patients with SLE is of interest.  

 

*Previously, we developed variants of the functional IEA (FIEA) of isotypes C4A and C4B 

(micropanel and blot – independent methods in detection that complement each other 

informationally). Blotting technology, as more sensitive and more informative in comparison 

with micropanel analysis (according to our data), is original (priority) and multi-stage (see 

below).  
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The technology of highly effective image analysis of protein/glycoprotein subisotypic 

pathological aggregates associated with antigens of molecules and fragments of subisotypes 

of C4B and C4A isotypes includes:  

a) desialylation of patient sera by the original procedure (desialylated sample preparation);  

b) IEF of serums in the PAG plate (IEF-PAG) in the pH gradient ranges 2-8;  

c) semi-dry electrobloting on a sandwich membrane (obtaining BLOT-pH7 and BLOT-

pH4),  

d) treatment of blot with human C4 antibodies conjugated with peroxidase;  

e) monitoring of the kinetics of blot chemiluminescence in the presence of a 

chemiluminescent peroxidase substrate. 

 

The aim is to describe the proposed technology, including using the example of a biomarker 

we have established (isotype C4A included biomarker subisotype-5 as maximally acidic form 

pI 3.8: C4A5–pI-3.8-BLOT-pH7 [blot included final treatments at neutral pH]) in the blood 

serum of patients in cases of SLE+APS.  

 

2. RESULTS AND DISCUSSION 

A brief description of the generalized technology includes the choice of object and factors, 

selection of conditions, features, detail, priority, prospects in the SLE study, prospects for 

further development of procedures and the proposed technology itself is represented below.  

 

2.1. The main constituents and features of the proposed technology  

1) Desialylation of patient sera  

The serums of patients who were examined at the Clinical Diagnostic Center at the G.N. 

Gabrichevsky Institute were studied. Desialylation was performed using our original 

method.
[17]

 Desialylation eliminates the excessive negative charge of proteins that prevents 

the separation of IEF-PAG. Selection of optimized desialylation conditions (source of 

sialidase, time of contact with serum, temperature of reaction) sera of patients were carried 

out as a result of controlled images of the distribution of C4A and C4B isotypes in cases of 

model sera with a known deficiency of one of the isotypes (C4A or C4B, C4A>>C4B, 

C4B>>C4A) of the C4 component (according to the data of the micropanel FIEA variants for 

C4A and C4B early developed by us.
[1]

). The advantages are the possibility of using partially 

purified (crude) sialidase (Enzyme Classification 3.2.1.17) preparations, increasing the 

reproducibility of the results. The technology of FIEA–controlled desialylation developed by 

us has been used by us in the study of blood glycoproteins.  
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2) IEF-PAG 

Horizontal semi-preparative IEF-PAG (glass plates 25x25 cm, gasket thickness more than 1 

mm) was used instead of IEF in the agarose layer in the study of (sub) isotypes C4A and 

C4B.
[17]

 The procedure was initially worked out using examples of erythropoietin (EPO) 

separation. It allows to use all the advantages of PAG instead of agarose (identify biomarkers 

in the gel thickness, conduct electroblotting). The procedure was successfully applied to the 

sera of patients with hereditary C4A or C4B deficits (a new pI region was found for 

registration of protein aggregates with C4 antigens, a more acidic region compared to the 

original C4A and C4B blood). Sera were separated by IEF-PAG in variants of the general pH 

gradient 2-8 [a mixture of pH gradients 2-4 and pH 4-8] (“kit 2.5-6.5”, Amersham Pharmacia 

Biotech, Sweden; protein staining with fluorescent dye SYPRO Protein Blot Stain, Bio-Rad; 

Methyl Red (Marker Dye) pI 3.8, Sigma, USA; additional markers included a set of forms of 

recombinant human EPO separated by us with pI in the range 3-5). The pH gradient in the 

gel was controlled by testing extracts from a sequential set of gel samples along control 

tracks without or containing pI markers, as well as in tracks of sera samples between 

electrodes.  

 

Electrophoresis was also performed in a vertical PAG plate (Bio-Rad Lab., USA) with 

sodium dodecyl sulfate in the Lemmli system, followed by electroblotting on a membrane 

sandwich. This makes it possible to estimate the molecular weights of protein aggregates due 

to the interaction of protein with detergent.  

 

3) Obtaining pH7 and pH4 blots 

Getting a pH7 blot  

A standard procedure for semi-dry electrical blotting, tested in the case of EPO transfer from 

a gel. Nova prefix is used for a device (Pharmacia, Sweden) designed for horizontal 

electrophoresis in a PAG plate. For the first time, it is proposed to obtain and use photographs 

of a semi-dry (drying within few minutes) Durapore hydrophilic membrane (Durapore, 

Millipore) on both sides as tracing paper of tracks on the blot membrane, which allows 

increasing the number of tracks created in the gel plate and improving the visually controlled 

comparison of neighboring tracks, including control and experimental ones.  

 

Obtaining a blot-pH4 (inter-blot semi-dry electrical transfer) 

Electric blotting in an acetate buffer pH 4.5 was perfomed to improve the separation of 

subisotypes in the C4A and/or C4B region with increased hydrophobicity on the blot. The 
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perspective is a further assessment of the contribution of each subisotype (from a set of 

visible images of subisotypes) to the diagnosis of a multibiomarker disease.  

 

4) Treatment of the blot with human C4 antibodies labeled with peroxidase  

On the pH7 and pH4 blots, the C4A and C4B subisotypes were manifested by polyclonal 

antibodies to human C4 conjugated with peroxidase in working dilutions 2000-2500 times. 

Additional preparation and analysis of the blot was carried out at pH2.9 (inter-blot semi-dry 

transfer at pH 2.9). At the same time, further improvement of the background on the blot was 

achieved (reduction of the nonspecific glow of proteins, elimination of the inter-electrode 

gradient of the background). Electrical blotting was performed in 0.7% glacial acetic acid.  

 

The original procedure proposed by us for transferring the resulting chemiluminescence 

pattern from a blot after IEF-PAG (blot-pH7/pH4) to a new (pure) blot. The substrate 

products of the reaction stabilize the peroxidase.  

 

The prospect is to enhance the discreteness of protein images, including in cases of 

chemiluminescent "staining"/ manifestation of separated proteins with a labeled immune 

sandwich.  

 

5) Registration of the kinetics of the glow of blots in the presence of a chemiluminescent 

peroxidase substrate  

Peroxidase was manifested by BioWest chemiluminescent substrate (Pierce, USA), which 

differs from ECL, ECL+ with increased sensitivity and high stability (active 24 h at room 

temperature). It is possible to reduce the amount of substrate consumption by an order of 

magnitude.  

 

Luminescence was recorded in the BioChemi System (UVP, USA) in an optimized live image 

(real time) mode. Chemiluminescence was registered in a variant of stepwise kinetics in a 

series of nonlinear exposures of the seconds-minutes scale (each exposure as a step). For the 

first time, we have developed a technology for visually establishing the optimum for each 

stage according to the picture of the differential kinetics of the intensity of luminescence in 

the direction "(rise of chemiluminescence from zero)--(maximum or plateau reached)--

(decline to zero)". From the gallery of images corresponding to a number of expositions, 

paintings with maximum luminous intensities, that is, in optima, were selected. In principle, it 

is possible to monitor each protein spot or band and a set of spots/bands in the track with a 
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serum sample. Chemiluminescence was recorded using a “Bromide Ethydium” light filter. 

The protein was additionally controlled using a Coomassi light filter.  

 

Registration of protein fluorescence on a blot (separated proteins by IEF and then colored 

proteins by SYPRO Protein Blot Stain).  

 

Such registration made it possible to localize the distribution of protein aggregates (excitation 

of fluorescence at 254 or 365 nm, and emission at > 600 nm). Further, a re-probing 

replacement of fluorescence with chemiluminescence of blots was possible. 

 

2.2. The use of technology to identify an early biomarker of lesion depth by SLE against 

the background of the development of APS (accompanied by thrombosis) – subisotype 

C4A5-pI-3.8-BLOTpH7 component of the patient's C4 complement  

1. The original multi-stage proposed technology was applied to search for biomarkers of 

rheumatic autoimmune diseases - SLE variants. Using the example of the C4A isotype 

region detected during IEF, it can be seen that the subisotypes of the C4A isotype 

continue to be dose-dependent under complement inactivation conditions (when diluting 

sera samples with distilled water). This indicates in favor of the fact that in the blood of 

patients with rheumatic autoimmune diseases there are subisotypes of the C4 complement 

component in the blood in connection with the disease - irreversible, non-excreting, 

accumulating protein in the blood, diagnostically significant biomarker aggregates with 

covalently bound C4b reacting with antibodies to C4.  

2. The biomarker C4A5-pI-3.8-BLOTpH7 of the depth of systemic damage to the body with 

combined SLE+APS syndrome is unique and has no analogues in the literature. Thus, a 

biomarker is proposed that characterizes the deterioration of the disease, and not the fact 

of the disease itself. The marker will help to differentiate complex (combined) cases of 

rheumatic diseases.  

3. In the area of the C4A5-pI-3.8 subisotype on blot-pH7, microheterogenicity was observed 

in the serum of patients with SLE+APS in the form of two diffuse close bands (a more 

pronounced band as more acidic one) in the range of pI 3.75-3.85. It can be assumed that 

the possibility of image registration of the patient ratio of IgM and IgG rheumatoid 

factors is opened. A further increase in the resolution of the applied technology is to 

enhance the discreteness of the images of protein bands. An increase in the discreteness 

of the separated protein aggregates can be achieved: a) by procedures for applying sera to 

the gel plate (to make the start more longer and less wide in the inter-electrode separation 
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direction in the track, to provide further modernization of semi-dry blotting); b) by 

replacing chemiluminescent (less stable in time) procedures with fluorescent registration 

(more stable), for example, using commercial conjugates of antibodies with 

fluorochrome.  

4. Technologies of differential optimum of live chemiluminescence imaging are promising 

in order to search for early and weak signals important for the diagnostics of 

multifactorial systemic diseases and further standardization of patient sera. The 

technology is promising for the successful search for early and relatively weak immune 

signals of biomarker significance for any rheumatic diseases involving C4/C3 systems, 

namely, fragments of C4b and C3b reacting with glycoconjugate targets. The technology 

can be extended to blocks of two-dimensional (2D) electrophoresis in a PAG plate. If 

there are known image maps of proteins in the model sera of healthy donors and patients, 

we can expect a simplification of the procedure for diagnosing the status and stage of the 

disease, an increase in the number of detectable protein biomarkers of pathology, as well 

as the use of antibodies at the level of antisera preparations (“crude” sera preparations) to 

the components (one or more) of the complement. 

 

3. CONCLUSIONS 

3.1. A technology is proposed to search for early image chemiluminescent signals involving 

the participation of C4 complement component (C4A and C4B subisotypes) and diagnosing 

status in the development of rheumatic/autoimmune diseases, as well as 

biomarking/standardizing sera of patients.  

 

3.2. Biomarker C4A5-pI-3.8-BLOTpH7 of the depth of systemic damage to the body with 

combined SLE+APS syndrome is unique and has no analogues in the literature. The marker 

will help to better differentiate cases of rheumatic and autoimmune diseases.  

 

3.3. It is possible to study the spectra of biological activities of the identified biomarker - as a 

membrane-bound and/or solubilized preparation(s).  
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