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Abstract 

The complement system is a critical component of innate immunity, acting as a 

first line of defense against pathogens through opsonization, cell lysis, and 

inflammation. This paper explores the mechanisms of complement activation 

via classical, lectin, and alternative pathways and their roles in pathogen 

recognition and elimination. The regulatory mechanisms ensuring host 

protection and preventing overactivation are also discussed. A table 

summarizing key complement components, activation pathways, and 

associated functions is provided. Understanding the complement system is 

vital for developing therapies for infections, autoimmune diseases, and 

complement-mediated disorders. 
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INTRODUCTION 

The complement system is a complex network of plasma proteins that forms a major effector 

arm of innate immunity. It functions to identify, opsonize, and eliminate invading pathogens 

while also bridging innate and adaptive immunity. Complement activation triggers 

inflammation, recruits immune cells, and facilitates phagocytosis and direct microbial lysis 

through the membrane attack complex (MAC). Dysregulation of the complement system can 

lead to increased susceptibility to infections or contribute to autoimmune and inflammatory 

diseases. The study of complement pathways and their regulatory mechanisms is therefore 

essential for understanding host defense and designing therapeutic interventions. 

 

COMPLEMENT ACTIVATION PATHWAYS 

Classical Pathway 

The classical pathway is primarily initiated by antigen-antibody complexes. C1q recognizes 

immunoglobulin-bound antigens, activating C1r and C1s, which then cleave C4 and C2 to 

form the C3 convertase (C4b2a). This pathway links adaptive immunity with complement 

activation, enhancing pathogen clearance. 

 

Lectin Pathway 

Activated by pathogen-associated molecular patterns (PAMPs), the lectin pathway involves 

mannose-binding lectin (MBL) or ficolins binding to carbohydrates on microbial surfaces. 

MBL-associated serine proteases (MASPs) cleave C4 and C2 to generate C3 convertase, 

similar to the classical pathway, leading to opsonization and MAC formation. 

 

Alternative Pathway 

The alternative pathway is continuously activated at a low level (tick-over mechanism) and 

can amplify complement activation on pathogen surfaces. Spontaneous hydrolysis of C3 

forms C3(H2O), which interacts with factor B and factor D to generate C3 convertase 

(C3bBb), promoting opsonization, inflammation, and MAC assembly. 

 

MECHANISMS OF PATHOGEN ELIMINATION 

1. Opsonization: C3b and its derivatives coat pathogens, enhancing recognition and 

phagocytosis by immune cells through complement receptors (CR1, CR3). 
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2. Inflammation: Anaphylatoxins (C3a, C5a) recruit neutrophils and macrophages, 

stimulate cytokine release, and increase vascular permeability. 

3. Direct Lysis: Formation of the MAC (C5b-C9) creates pores in microbial membranes, 

leading to cell death. 

4. Immune Complex Clearance: Complement promotes solubilization and removal of 

immune complexes, preventing tissue deposition and inflammation. 

 

Table 1: Key Complement Components, Activation Pathways, and Functions 

Complement Component 
Activation 

Pathway 
Primary Function 

C1q, C1r, C1s Classical Initiation, pathogen recognition 

Mannose-binding lectin (MBL), 

MASPs 
Lectin 

Pathogen recognition, C3 convertase 

formation 

C3 All pathways 
Opsonization, C3a generation, 

convertase formation 

C5 All pathways 
Formation of C5a (anaphylatoxin), MAC 

initiation 

C6-C9 All pathways MAC formation, microbial lysis 

Factor B, Factor D Alternative 
C3 convertase formation, pathway 

amplification 

Table 1 summarizes major complement components, their activation pathways, and 

associated functions. 

 

REGULATION OF COMPLEMENT ACTIVITY 

To prevent host tissue damage, complement activation is tightly regulated: 

 C1 inhibitor (C1-INH): Blocks C1r and C1s activity in the classical pathway. 

 Factor H and Factor I: Regulate alternative pathway C3b activity. 

 Decay-accelerating factor (DAF): Disrupts C3/C5 convertases on host cells. 

 CD59 (Protectin): Inhibits MAC formation on host cell membranes. 

These regulatory proteins maintain the balance between effective pathogen elimination and 

protection of host tissues from complement-mediated damage. 
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CLINICAL SIGNIFICANCE 

Complement deficiencies or dysregulation contribute to susceptibility to infections, 

autoimmune disorders, and inflammatory diseases: 

 C3 deficiency: Severe bacterial infections, particularly encapsulated bacteria. 

 C1q, C2, C4 deficiencies: Autoimmune conditions like systemic lupus erythematosus 

(SLE). 

 CD59 deficiency: Paroxysmal nocturnal hemoglobinuria (PNH), leading to complement-

mediated lysis of red blood cells. 

 Therapeutic targeting: Monoclonal antibodies and inhibitors targeting complement 

components (e.g., eculizumab) are used in PNH and atypical hemolytic uremic syndrome 

(aHUS). 

 

FUTURE DIRECTIONS 

Research priorities for complement system studies include: 

 Novel complement-targeted therapies: Development of drugs modulating complement 

in infections and inflammatory diseases. 

 Understanding pathogen evasion: Investigating microbial strategies that inhibit or 

hijack complement activation. 

 Integration with vaccines: Complement-adjuvanted vaccines enhancing adaptive 

immune responses. 

 Biomarker discovery: Complement components as indicators for disease severity and 

prognosis. 

 Gene therapy approaches: Correcting complement deficiencies for long-term disease 

management. 

 These approaches aim to leverage complement biology for improved disease prevention 

and therapy. 

 

CONCLUSION 

The complement system is a cornerstone of innate immunity, providing rapid and versatile 

defense against pathogens. Its ability to opsonize microbes, trigger inflammation, facilitate 

phagocytosis, and directly lyse pathogens highlights its critical role in host defense. Precise 

regulation ensures host tissue protection while enabling effective pathogen elimination. 
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Advances in understanding complement pathways, regulatory mechanisms, and clinical 

implications have led to therapeutic strategies targeting complement-mediated diseases. 

Future research focused on complement modulation, pathogen evasion, and integration with 

adaptive immunity holds promise for novel interventions to enhance human health and 

combat infectious and immune-mediated diseases. 

 

REFERENCES 

1. Walport, M. J. (2001). Complement. First of two parts. New England Journal of 

Medicine, 344, 1058–1066. 

2. Ricklin, D., Hajishengallis, G., Yang, K., & Lambris, J. D. (2010). Complement: A 

key system for immune surveillance and homeostasis. Nature Immunology, 11, 785–

797. 

3. Dunkelberger, J. R., & Song, W. C. (2010). Complement and its role in innate and 

adaptive immune responses. Cell Research, 20, 34–50. 

4. Morgan, B. P., & Gasque, P. (1997). Extrahepatic complement biosynthesis: Where, 

when and why? Clinical & Experimental Immunology, 107, 1–7. 

5. Markiewski, M. M., & Lambris, J. D. (2007). The role of complement in 

inflammatory diseases from behind the scenes into the spotlight. American Journal of 

Pathology, 171, 715–727. 

6. Sahu, A., & Lambris, J. D. (2001). Structure and biology of complement protein C3, a 

connecting link between innate and adaptive immunity. Immunological Reviews, 180, 

35–48. 

7. Merle, N. S., Church, S. E., Fremeaux-Bacchi, V., & Roumenina, L. T. (2015). 

Complement system part I – molecular mechanisms of activation and regulation. 

Frontiers in Immunology, 6, 262. 

8. Ricklin, D., & Lambris, J. D. (2013). Progress and trends in complement therapeutics. 

Advances in Experimental Medicine and Biology, 735, 1–22. 

 


