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ABSTRACT 

The complement system, a critical component of the innate immune system, plays a dual role in immune defense 
and pathogenesis, particularly in autoimmune diseases. Comprising over 30 proteins, the complement system 
facilitates pathogen clearance, inflammation, and immune modulation. However, its dysregulation can lead to 
uncontrolled activation and contribute to the development and progression of various autoimmune disorders, 
including systemic lupus erythematosus (SLE), rheumatoid arthritis (RA), multiple sclerosis (MS), 
antiphospholipid syndrome (APS), and vasculitis. In these diseases, excessive complement activation triggers 
inflammation, immune cell recruitment, and tissue damage, exacerbating the autoimmune response. This review 
provides an in-depth analysis of the complement system's role in autoimmune diseases, exploring how its three 
activation pathways—classical, lectin, and alternative—contribute to disease pathogenesis. It also discusses key 
complement proteins such as C3, C5, and the membrane attack complex (MAC) in promoting inflammatory 
responses in these conditions. Moreover, the review highlights recent advances in therapeutic strategies targeting 
the complement system, including the development of C5 inhibitors like eculizumab and C3 inhibitors, which show 
promise in treating complement-mediated autoimmune diseases. These therapies aim to reduce inflammation and 
tissue destruction, offering new approaches for managing autoimmune disorders. Understanding complement 
dysregulation is crucial for the development of more effective treatments in the future. 
Keywords: Complement system, Autoimmune diseases, Complement activation, Inflammation, Therapeutic 
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INTRODUCTION 

The complement system is a fundamental component of the innate immune system, providing a first line of defense 
against pathogens and playing an essential role in maintaining immune surveillance, clearing apoptotic cells, and 
facilitating tissue repair [1,2]. It consists of a complex network of over 30 plasma and cell membrane-associated 
proteins that, once activated, work in a cascade-like manner. This activation triggers a series of immune processes, 
including opsonization of pathogens, recruitment of inflammatory cells, and direct lysis of targeted cells through 
the formation of the membrane attack complex (MAC) [3]. The complement system is also closely linked to the 
adaptive immune system, interacting with antibodies and modulating T and B cell responses [2]. Despite its 
protective roles, the complement system requires tight regulation. When improperly controlled or overactivated, 
it can contribute to pathological inflammation and tissue damage, a feature that is particularly evident in 
autoimmune diseases [4]. Autoimmune diseases occur when the immune system mistakenly targets self-antigens, 
leading to chronic inflammation and damage to tissues and organs. Dysregulation of the complement system has 
been implicated in the pathogenesis of several autoimmune disorders, including systemic lupus erythematosus 
(SLE), rheumatoid arthritis (RA), multiple sclerosis (MS), antiphospholipid syndrome (APS), and vasculitis [5]. In 
these diseases, complement components such as C3, C5, and MAC contribute to inflammatory processes that drive 
disease progression and tissue destruction. The role of the complement system in autoimmune diseases is 
multifaceted. It can exacerbate autoimmune pathology through the activation of inflammatory pathways, the 
formation of immune complexes, and the recruitment of immune cells that attack healthy tissues [4,6]. For 
instance, in diseases like SLE, the classical complement pathway is triggered by immune complexes containing 
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autoantibodies, leading to tissue inflammation, especially in the kidneys, joints, and skin. In rheumatoid arthritis, 
complement activation contributes to synovial inflammation and joint destruction, while in multiple sclerosis, 
complement components promote demyelination and neuronal damage in the central nervous system [7]. 
The growing understanding of the complement system's role in autoimmune diseases has spurred interest in 
therapeutic strategies aimed at targeting specific components of the complement cascade [8]. By inhibiting key 
complement proteins, it is possible to reduce inflammation and prevent further tissue damage without completely 
shutting down the immune response. Therapies such as C5 inhibitors (e.g., eculizumab) and C3 inhibitors are 
already in clinical use or under investigation, offering new hope for patients with complement-mediated 
autoimmune diseases [9,10]. This review will explore the mechanisms by which the complement system 
contributes to autoimmune diseases, the key complement pathways involved, and current and future therapeutic 
strategies aimed at modulating complement activity to treat these conditions effectively. 

Overview of the Complement System 
The complement system operates as a series of enzymatic reactions that lead to the activation of its three main 
pathways: the classical, lectin, and alternative pathways. Each pathway converges at the activation of complement 
component C3, leading to the formation of the membrane attack complex (MAC) and subsequent cell lysis [11]. 
The pathways are initiated by different stimuli: 
1. Classical Pathway: Triggered by antigen-antibody complexes, making it an important link between the adaptive 
and innate immune systems. 
2. Lectin Pathway: Initiated by mannose-binding lectin (MBL) and other pattern recognition molecules binding to 
microbial surfaces. 
3. Alternative Pathway: Constantly activated at low levels through a process known as "tick-over," where 
spontaneous hydrolysis of C3 leads to its activation. This pathway is self-amplifying and provides an immediate 
response to pathogens or damaged cells [13]. 
Once activated, these pathways promote opsonization, inflammation, and direct killing of pathogens through the 
formation of the MAC. Additionally, complement proteins such as C3b and C5a act as potent inflammatory 
mediators, recruiting immune cells to the site of infection or injury [14]. 
The regulation of the complement system is critical to prevent excessive inflammation and tissue damage. Several 
regulatory proteins, including complement factor H, C1 inhibitor, and decay-accelerating factor (DAF), work to 
control complement activation and ensure that it is directed towards pathogens rather than host tissues [15]. 
However, when this regulation fails, the complement system can become a driver of pathological inflammation in 
autoimmune diseases. 

The Role of the Complement System in Autoimmune Diseases 
Dysregulation of the complement system is a common feature in many autoimmune diseases. Whether through 
excessive activation or impaired regulation, complement proteins can exacerbate autoimmune responses by 
promoting inflammation, cell lysis, and the destruction of healthy tissues [16]. Below are some of the key 
autoimmune diseases in which complement plays a central role: 

1. Systemic Lupus Erythematosus (SLE): 
In SLE, the complement system is both a marker of disease activity and a contributor to its pathogenesis. SLE is 
characterized by the production of autoantibodies that form immune complexes, which can trigger the classical 
pathway of complement activation [17]. These immune complexes deposit in tissues such as the kidneys, joints, 
and skin, leading to inflammation and tissue damage. Reduced levels of complement proteins like C3 and C4 are 
often used as markers of disease flare-ups, while mutations or deficiencies in regulatory proteins (e.g., C1q, C2, C4) 
have been linked to a higher risk of developing SLE [14]. 

2. Rheumatoid Arthritis (RA): 
In RA, chronic inflammation of the joints is driven by immune complex deposition and complement activation, 
particularly through the classical and alternative pathways [18]. The inflammatory mediator C5a, generated 
during complement activation, recruits neutrophils and other immune cells to the joints, exacerbating tissue 
damage. Complement activation products, such as C3b and MAC, contribute to synovial inflammation, cartilage 
degradation, and bone erosion, characteristic of advanced RA [19]. 

3. Multiple Sclerosis (MS): 
MS is a neurodegenerative autoimmune disorder where the immune system attacks the myelin sheath of nerve 
cells in the central nervous system (CNS). The complement system, particularly C3 and C5 activation products, 
contributes to the inflammation and demyelination seen in MS [20] Myelin-reactive antibodies can trigger the 
classical pathway, leading to complement-mediated damage to neurons and glial cells. Complement components 
have been found in active MS lesions, indicating ongoing complement activation in the CNS [21]. 

4. Antiphospholipid Syndrome (APS): 
APS is an autoimmune disorder characterized by the presence of antiphospholipid antibodies that promote 
thrombosis and pregnancy complications. The complement system plays a significant role in APS by enhancing 
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clot formation and contributing to the inflammatory environment. C5a, for instance, recruits inflammatory cells 
that can damage endothelial cells, promoting thrombosis. Blocking complement activation has been shown to 
reduce thrombosis risk in experimental models of APS [22,23]. 

5. Vasculitis: 
In vasculitis, inflammation of blood vessels is often driven by complement activation. The classical pathway is 
commonly activated by immune complexes, leading to the recruitment of neutrophils and macrophages through 
the release of C3a and C5a. This results in blood vessel inflammation, narrowing, and damage, with potential 
impacts on organs such as the kidneys, lungs, and skin [24]. 

Therapeutic Targeting of the Complement System in Autoimmune Diseases 
Given the central role of complement activation in autoimmune diseases, targeting the complement system has 
emerged as a promising therapeutic strategy [25]. Several approaches have been developed to inhibit complement 
activation and reduce tissue damage in autoimmune diseases: 

1. C5 Inhibitors: 
Eculizumab, a monoclonal antibody that blocks C5, has been a revolutionary therapy for complement-mediated 
diseases. By preventing the cleavage of C5 into C5a and C5b, eculizumab inhibits the formation of the MAC, thus 
protecting cells from complement-mediated lysis [26]. It has been approved for treating paroxysmal nocturnal 
hemoglobinuria (PNH) and atypical hemolytic uremic syndrome (aHUS), and is being explored for other 
complement-driven autoimmune diseases [24]. 

2. C3 Inhibitors: 
Targeting C3, a central component of the complement system, has broader effects since C3 is involved in all three 
activation pathways. C3 inhibitors like pegcetacoplan, a synthetic peptide, prevent C3 cleavage and have shown 
efficacy in diseases like PNH. C3 inhibition holds promise for a range of autoimmune diseases, including SLE and 
RA, where excessive complement activation is a key driver of pathology [27]. 

3. C1q Inhibitors: 
Inhibiting C1q, which initiates the classical pathway, may be beneficial in diseases driven by immune complexes, 
such as SLE. Targeting C1q can reduce complement activation at its source, potentially decreasing immune 
complex deposition and inflammation [28]. 

4. Complement Regulators: 
Enhancing the activity of complement regulatory proteins, such as factor H and DAF, is another potential 
therapeutic approach. By restoring the natural regulation of complement activation, these therapies aim to limit 
excessive complement activity without completely shutting down the system, maintaining the balance needed for 
immune defense [29]. 

5. Complement Blockade in Combination Therapies: 
Combining complement inhibitors with other immune-modulating therapies, such as B-cell depleting agents or 
immune checkpoint inhibitors, may provide synergistic effects in treating autoimmune diseases. Such combination 
therapies could target both the cellular and humoral components of the immune response, offering more 
comprehensive disease control [30]. 

CONCLUSION 
The complement system plays a dual role in immune defense and autoimmunity, acting as both a protector against 
pathogens and a contributor to autoimmune disease when dysregulated. In autoimmune diseases like SLE, RA, 
MS, and APS, complement activation drives inflammation, tissue damage, and disease progression. Understanding 
the intricate mechanisms by which the complement system contributes to autoimmune pathology has opened new 
avenues for therapeutic intervention. Targeting complement components such as C5, C3, and C1q has shown 
promise in reducing disease activity and preventing further damage in autoimmune patients. With ongoing 
advances in complement-targeted therapies and the exploration of combination approaches, the future holds 
significant potential for improved treatments and outcomes in patients suffering from autoimmune diseases. 
Continued research into the complex interplay between complement activation and immune regulation will be 
crucial in developing more precise and effective therapies for these chronic and often debilitating conditions. 

REFERENCES 
1. Freeley S, Kemper C, Le Friec G. The "ins and outs" of complement-driven immune responses. Immunol 

Rev. 2016 Nov;274(1):16-32. doi: 10.1111/imr.12472. PMID: 27782335; PMCID: PMC5102160. 
2. Devesha H. Kulkarni, Marick Starick, Rafael Aponte Alburquerque, Hrishikesh S. Kulkarni, Local 

complement activation and modulation in mucosal immunity, Mucosal Immunology,2924; 17(4): 739-751. 
https://doi.org/10.1016/j.mucimm.2024.05.006. 

3. Marshall, J.S., Warrington, R., Watson, W. et al. An introduction to immunology and 
immunopathology. Allergy Asthma Clin Immunol 14 (Suppl 2), 49 (2018). https://doi.org/10.1186/s13223-
018-0278-1 



                                                                                                                                                                        OPEN ACCESS                    
NIJBAS                                                                                                                                                     ONLINE ISSN: 2992-5797                                                                          
Publications 2024                                                                                                                                  PRINT ISSN: 2992-6122 

 
 

Page | 37 

4. Cioce A, Cavani A, Cattani C, Scopelliti F. Role of the Skin Immune System in Wound Healing. Cells. 
2024; 13(7):624. https://doi.org/10.3390/cells13070624 

5. Mokhtar DM, Zaccone G, Alesci A, Kuciel M, Hussein MT, Sayed RKA. Main Components of Fish 
Immunity: An Overview of the Fish Immune System. Fishes. 2023; 8(2):93. 
https://doi.org/10.3390/fishes8020093 

6. Buzas, E.I. The roles of extracellular vesicles in the immune system. Nat Rev Immunol 23, 236–250 (2023). 
https://doi.org/10.1038/s41577-022-00763-8 

7. Jia C, Tan Y, Zhao M. The complement system and autoimmune diseases. Chronic Dis Transl Med. 2022 
Apr 6;8(3):184-190. doi: 10.1002/cdt3.24. PMID: 36161202; PMCID: PMC9481883. 

8. Thurman JM, Yapa R. Complement Therapeutics in Autoimmune Disease. Front Immunol. 2019 Apr 
3;10:672. doi: 10.3389/fimmu.2019.00672. PMID: 31001274; PMCID: PMC6456694. 

9. Thomas Lung, Benjamin Sakem, Lorenz Risch, Reinhard Würzner, Giuseppe Colucci, Andreas Cerny, 
Urs Nydegger,The complement system in liver diseases: Evidence-based approach and therapeutic 
options, Journal of Translational Autoimmunity, 2019; 2, 100017. 
https://doi.org/10.1016/j.jtauto.2019.100017. 

10. Detsika, M.G., Palamaris, K., Dimopoulou, I. et al. The complement cascade in lung injury and 
disease. Respir Res 25, 20 (2024). https://doi.org/10.1186/s12931-023-02657-2 

11. Heping Xu, Mei Chen, Targeting the complement system for the management of retinal inflammatory 
and degenerative diseases, European Journal of Pharmacology, 2016; 787, 94-104. 
https://doi.org/10.1016/j.ejphar.2016.03.001. 

12. Claudia Kemper, Viviana P. Ferreira, Jeanne T. Paz, V. Michael Holers, Michail S. Lionakis, Jessy J. 
Alexander; Complement: The Road Less Traveled. J Immunol 15 January 2023; 210 (2): 119–
125. https://doi.org/10.4049/jimmunol.2200540 

13. Lee, D.S.W., Rojas, O.L. & Gommerman, J.L. B cell depletion therapies in autoimmune disease: advances 
and mechanistic insights. Nat Rev Drug Discov 20, 179–199 (2021). https://doi.org/10.1038/s41573-020-
00092-2 

14. Ong J, Zarnegar A, Selvam A, Driban M, Chhablani J. The Complement System as a Therapeutic Target 
in Retinal Disease. Medicina. 2024; 60(6):945. https://doi.org/10.3390/medicina60060945 

15. Markiewski MM, Lambris JD. The role of complement in inflammatory diseases from behind the scenes 
into the spotlight. Am J Pathol. 2007 Sep;171(3):715-27. doi: 10.2353/ajpath.2007.070166. Epub 2007 Jul 
19. PMID: 17640961; PMCID: PMC1959484. 

16. Sarma, J.V., Ward, P.A. The complement system. Cell Tissue Res 343, 227–235 (2011). 
https://doi.org/10.1007/s00441-010-1034-0 

17. Schartz, N.D., Tenner, A.J. The good, the bad, and the opportunities of the complement system in 
neurodegenerative disease. J Neuroinflammation 17, 354 (2020). https://doi.org/10.1186/s12974-020-
02024-8 

18. Holers VM, Banda NK. Complement in the Initiation and Evolution of Rheumatoid Arthritis. Front 
Immunol. 2018 May 28;9:1057. doi: 10.3389/fimmu.2018.01057. PMID: 29892280; PMCID: 
PMC5985368. 

19. Okroj, M., Heinegård, D., Holmdahl, R., & Blom, A. M. (2007). Rheumatoid arthritis and the complement 
system. Annals of Medicine, 39(7), 517–530. https://doi.org/10.1080/07853890701477546 

20. Firestein GS, McInnes IB. Immunopathogenesis of Rheumatoid Arthritis. Immunity. 2017 Feb 
21;46(2):183-196. doi: 10.1016/j.immuni.2017.02.006. PMID: 28228278; PMCID: PMC5385708. 

21. Nandakumar KS, Fang Q, Wingbro Ågren I, Bejmo ZF. Aberrant Activation of Immune and Non-
Immune Cells Contributes to Joint Inflammation and Bone Degradation in Rheumatoid 
Arthritis. International Journal of Molecular Sciences. 2023; 24(21):15883. 
https://doi.org/10.3390/ijms242115883 

22. Silverman, G.J., Carson, D.A. Roles of B cells in rheumatoid arthritis. Arthritis Res Ther 5 (Suppl 4), S1 
(2003). https://doi.org/10.1186/ar1010 

23. Neil Scolding, CHAPTER 97 - THE NEUROLOGICAL VASCULITIDES, Editor(s): Anthony H.V. 
Schapira, Edward Byrne, Salvatore DiMauro, Richard S.J. Frackowiak, Richard T. Johnson, Yoshikuni 
Mizuno, Martin A. Samuels, Stephen D. Silberstein, Zbigniew K. Wszolek, Neurology and Clinical 
Neuroscience, Mosby, 2017. pp 1313-1322, 

24. Trivioli G, Vaglio A. The rise of complement in ANCA-associated vasculitis: from marginal player to 
target of modern therapy. Clin Exp Immunol. 2020 Dec;202(3):403-406. doi: 10.1111/cei.13515. Epub 
2020 Oct 5. PMID: 32946609; PMCID: PMC7670158. 

https://doi.org/10.4049/jimmunol.2200540


                                                                                                                                                                        OPEN ACCESS                    
NIJBAS                                                                                                                                                     ONLINE ISSN: 2992-5797                                                                          
Publications 2024                                                                                                                                  PRINT ISSN: 2992-6122 

 
 

Page | 38 

25. Chimenti MS, Ballanti E, Triggianese P, Perricone R. Vasculitides and the Complement System: a 
Comprehensive Review. Clin Rev Allergy Immunol. 2015 Dec;49(3):333-46. doi: 10.1007/s12016-014-
8453-8. PMID: 25312590. 

26. Guillevin, L., Dörner, T. Vasculitis: mechanisms involved and clinical manifestations. Arthritis Res 
Ther 9 (Suppl 2), S9 (2007). https://doi.org/10.1186/ar2193 

27. Wong EK, Kavanagh D. Anticomplement C5 therapy with eculizumab for the treatment of paroxysmal 
nocturnal hemoglobinuria and atypical hemolytic uremic syndrome. Transl Res. 2015 Feb;165(2):306-20. 
doi: 10.1016/j.trsl.2014.10.010. Epub 2014 Oct 20. PMID: 25468487. 

28. Zelek WM, Taylor PR, Morgan BP. Development and characterization of novel anti-C5 monoclonal 
antibodies capable of inhibiting complement in multiple species. Immunology. 2019 Aug;157(4):283-295. 
doi: 10.1111/imm.13083. Epub 2019 Jun 17. PMID: 31120547; PMCID: PMC6620185. 

29. Kurihara, S., Yamaguchi, A., Sonoda, K. et al. Anti-C5 monoclonal antibody treatment showing 
pathological resolution of complement-mediated atypical hemolytic uremic syndrome: a case report. BMC 
Nephrol 25, 224 (2024). https://doi.org/10.1186/s12882-024-03662-3 

30. Eleni Gavriilaki, Régis Peffault de Latour, Antonio Maria Risitano, Advancing therapeutic complement 
inhibition in hematologic diseases: PNH and beyond, Blood, 2022; 139(25): 3571-3582. 
https://doi.org/10.1182/blood.2021012860. 
 

 

  
 
 
 

 

CITE AS: Bizimana Rukundo T. (2024). The Role of the Complement System 
in Autoimmune Diseases and Therapeutic Targeting. NEWPORT 
INTERNATIONAL JOURNAL OF BIOLOGICAL   AND APPLIED 
SCIENCES, 5(3):34-38. https://doi.org/10.59298/NIJBAS/2024/5.3.343811 
 

 

https://doi.org/10.59298/NIJBAS/2024/5.3.343811

