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TÓM TẮT 
Cơ chế hoạt hoá bổ thể (complement) được thực hiện bằng 3 con đường khác nhau (1) con 

đường cổ điển (CP) được kích hoạt trong sự hiện diện của kháng thể đặc hiệu, trong khi (2) con 
đường lectin (LP) và (3) con đường nhánh (AP) được kích hoạt nhờ vào kháng thể không đặc hiệu. 
Những nghiên cứu gần đây đã cung cấp thêm bằng chứng về các yếu tố khác (tuổi, giới tính, đặc 
điểm của bề mặt vi khuẩn, loại vắc xin, sự khác biệt di truyền, các protein,…) có ảnh hưởng lên sự 
điều hoà của phức hợp bổ thể. Nhiều yếu tố đóng góp đến sự hoạt hoá CP hơn LP và/hoặc AP. Vì thế, 
hoạt động tiêu máu có thể được cải thiện tốt hơn bằng CP dưới sự hỗ trợ của LP và AP. 

Từ khóa: Con đường cổ điển, con đường nhánh, hoạt hoá phức hợp bổ thể. 

SUMMARY 
The complement system has been known as a more primitive biological defence mechanism than 

the specific antibody-mediated system. Regulation of complement activity is quite complicated 
because there are many factors as age, sex, genetics, etc… contributing to its activation, especially 
on the CP. Since the AP known as amplification mechanism for the CP, many studies on HCA of the 
complement components in these pathways have been conducted. Seemly to be a habit, HCA of 
complement components via the CP was stronger than via the AP. Because of this reason, the CP 
may be a major pathway for lysis of target cells. Activation of complement system via the CP is quite 
improvable by different routes to enhance defense system of host against invading pathogens. 
Generation of prior proteins has directly effect on concentration of subsequent protein, as well as 
formation and hemolysis capacity of the MAC. It is recognizable that components C1q, C3, and C5 
plays key role for complement activity. Hence, in order to efficiently activate activity of the 
complement system, further studies should be investigated on these complement components. 

Key words: Complement activation, classical pathway and alternative pathway. 

1. INTRODUCTION  
The complement system comprises over 30 

distinguished proteins (C1-9, receptors and factors). 
It is known as a biochemical cascade for lysis 
invading external pathogens. These proteins are 
primarily formed in the liver and circulate under 
inactive form in blood plasma. When there is, 
however, presence of target cells they will become 
active through three different pathways (classical, 
lectin, and alternative pathway). In each pathway, 
as an activated enzyme, prior proteins bind to 
subsequent proteins to form C3 convertases which 
result in cleavage of C5 into C5a and C5b, a 
initiation for formation of the membrane attack 
complex (MAC) due to binding of C5b and C6 

followed by C7-9. Of course, concentration of the 
MAC will be higher in blood plasma and on 
membrane of target cell at that time of infection. 
The complex inserts, then, into the target cell 
membrane, punches a hole, increases inter-outer 
exchange of water and ions, initiates osmotic 
cytolysis, and therefore leads to death of target 
cells. In turn, C5b-9 complex exerts a regulatory 
effect on the formation of C3 convertases of the CP 
and AP and on the utilization of C5 by cell-bound 
C5 convertases. Feedback inhibition by C5b-9 
represents a biologically relevant mechanism 
through which complement may autoregulate its 
effector functions (Wimmers et al. 2003, Bhakdi et 
al. 1988, Mold 1998).  
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Figure 1. Regulation mechanism of complement activation (Do 2009) 

On basic mode, activation of the CP occurs in 
the presence of C1q-antibody-antigen binding 
complex whereas that of LP or AP depends on 
interaction of manose binding lectin (MBL) and 
microbial carbohydrate or C3b and polysaccharide 
in absence of specific antibody, respectively 
(Fig.1). However, these recent studies indicated 
that regulation of complement activation actually is 
also supported by other factors such as age, 
characteristic of lipopolysaccharide (LPS), sex, 
other proteins, etc. 

2. FACTORS AFFECTING COMPLEMENT 
    REGULATION 
2.1. Aging 

On the same experimental materials and 
methods, some authors have ever observed 
expression of HCA of porcine complement 
components C3, C5, MBL1, MBL2 (Phatsara et al. 
2007, Kumar et al. 2004, Wimmers et al. 2003). 

Recently, the terminal porcine complement 
components C6-9 were characterized and analyzed 
their genetic association with HCA before and after 
vaccinating Mycoplasma hyopneumoniae (Mh), 
Aujezsky (ADV), and Porcine Reproductive and 
Responsive Syndrome Virus (PRRSV) in the 
porcine F2-DUMI resource population (Do 2009). 
Results indicated that hemolysis values were low 
before the primary immunization with Mh and 
became higher after the following vaccinations with 
ADV and PRRSV. The long-term elevation of 
complement activity increase between vaccinations 
may be due to aging (Wimmers et al. 2003). This is 
very similar to an early report in healthy Japanese 
that the C3 concentration reaches the lowest value 
at 24 hours after birth (680.0 ± 45.7 μg/ml) and 
comes up the highest at one year old (1385 ± 65.3 
μg/ml) (Yonemasu et al. 1978). Moreover, age has 
also been known as one of important factors 
influencing the response to various stressors, 
infectious challenges or interpretation of 
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complement levels in various diseases (Sutherland 
et al. 2005, Yonemasu et al. 1978). They agree 
quite well with other authors that the complement 
system is immature at birth. Repeated antigenic 
stimulation leads to the complete maturation of 
immunity during the first few years of life. The 
concentration level of complement components 
(C1q and C3) increases steadily with age up to 
period of life and thereafter tends to become 
fluctuated (Durandy 2003, Molleda et al. 1993, 
Tyler et al. 1988, Yonemasu et al. 1978).  

2.2. Gender 
Higher HCA was found in male animals as 

compared to those in the female animals in both CP 
and AP. Analysis of variance also indicated 
significant differences between genders for porcine 
C3 (Wimmers et al. 2003), and porcine C6-9 (Do 
2009). This was also found in other animal species. 
For examples, adult male camels show significantly 
higher hemolysis levels than female ones in the CP 
but not in the AP (Olaho-Mukani et al. 1995). 
However, sex had no effect on serum C3 
concentrations in dogs (Lucena et al. 1994, Molleda 
et al. 1993) and no significant differences of C1q 
and C3 levels were evident between male and 
female human (Yonemasu et al. 1978). 
Performance of complement components as well as 
hemolysis of males and females can be different 
among species. However, as analysed much or less, 
gender has an effecting part on regulation of 
complement activity. 

2.3. Vaccination 
HCA was described as the in vitro (Storm et 

al. 1992) and in vivo (Wimmers et al. 2003) 
capacity of the complement system. This activity 
may be elevated after immunizations. It was shown 
that vaccination against viral and bacterial antigens 
leads to an acute phase response measurable by an 
increased serum level of haptoglobin and C3c 
(Wimmers et al. 2003, Rekitt et al. 2001, Asai et al. 
1999, Mold 1998).  

Clearly, mechanisms of complement activation 
by bacteria are quite different depending on 
characteristics of the bacterial surface. In the 
absence of anticapsular antibody, complement-
mediated killing occurred but not by the AP (Steele 
et al. 1984) while killing of bacteria by the CP 
system did not require specific anti-liposaccharide 
antibodies (Pluschke and Achtman 1984). The early 
studies demonstrated that the rough liposaccharide 
(LPS) of Coxiella burnetii variant activated 

complement via the AP, whereas the intermediate 
LPS activated the CP (Vishwanath and Hackstadt 
1988). In another case, LSP of Mycoplasma 
species, the rough Brucella abortus, or the lipid A 
region of Escherichia coli, porins interacts with C1 
component leading to activation of the CP. 
Therefore, they are easy to be killed by this 
pathway (Eisenschenk et al. 1999, Rosendal et al. 
1994, Loos and Clas 1987, Betz et al. 1981, Bredt 
et al. 1977, Morrison and Kline 1977).  

Moreover, there is also evidence that the 
chemical compositions of the capsular 
polysaccharide and the O-antigen determine the 
degree of complement activation (Pluschke and 
Achtman 1984). O-antigen prevented both C3 
deposition on the surface and complement-mediated 
killing of Bordetella parapertussis. In addition, O-
antigen was required for bacteria to systemically 
spread in complement-sufficient mice, but not 
complement-deficient mice (Goebel et al. 2008). 
This can cause deficiency of C3 for the AP 
activation. However, also viruses were shown to 
activate the complement cascade independent from 
existing antibodies via both the CP and AP. 
Alphaherpesviridae, in particular Epstein-Barr-
Viruses, is an example for complement activation in 
both pathways (Mold et al. 1988, Mayes et al. 1984).  

In studies on the porcine complement 
components, authors also demonstrated that the 
increment of complement activity in blood samples 
obtained after vaccinations might be at least partly 
due to specific interaction between the bacterial and 
viral vaccination strains and complement 
components. Activation of either the AP or the CP 
differentially depends on the vaccinations. 
Moreover, the immunization with Mh is a booster 
vaccination with the first application-taking place 
in the first week of life whereas ADV 
immunization was done when maternal antibodies 
may still be present. Those mean that at the time 
point of Mh and ADV vaccination an immediate 
activation of the complement system via the CP 
might have happened due to the formation of 
specific antigen-antibody complexes (Do 2009, 
Wimmers et al. 2003). 

2.4. Other proteins 
2.4.1. C-reactive protein 

C-reactive protein (CRP) known as an acute-
phase serum protein and a potent mediator of innate 
immunity binds to microbial polysaccharides and to 
ligands exposed on damaged cells. Therefore, it 
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contributes to health protection and disease 
resistance (Mold et al. 1999, Siegel et al. 1974). In 
interaction to complement system, CRP early 
expose reacting with Fc γ receptors and binding to 
C1q to activate the CP (Marnell et al. 1995, 
Crowell et al. 1991, Berman et al. 1986, Siegel et 
al. 1974). Binding of CRP to C1q is different from 
binding of IgG in being localized to collagen-like 
regions rather than the globular head groups of C1q 
(Jiang et al. 1991). Moreover, surface bound CRP 
reduces deposition of generation of C3b and C5b-9 
via the AP as well as hemolysis via LP (Mold et al. 
1999).  

2.4.2. Glycoprotein C 
The glycoprotein C (gC) of HSV-1 and -2, 

bovine herpesvirus type 1, porcine herpesvirus 1 
(ADV), and equine herpesvirus types 1 and 4 
interact with C3b (Friedman et al. 2000). gC known 
as a receptor for C3bBb impedes decay-
accelerating activity for the AP C3 convertase and 
could block the effects of complement on the 
infected cells in the absence of antibody (Fries et al. 
1986, McNearney et al. 1987). The complement 
activity differs between animal species infected by 
HSV. It is due to the difference in affinity between 
the gC of HSV and either the complement 
component or glycoprotein structure (i.e. a 
difference in glycosylation level) in each animal 
(Hidaka et al. 1991).  

2.5. Genetic variation 
Many studies have been reported 

polymorphisms associated with deficiency of 
complement components, HCA, diseases, etc. in 
different populations of human and animals. 
Genetic association of porcine C3, C5, MBL1, and 
MBL2 with HCA in a F2 DUMI resource 
population inoculated with three different vaccines 
were also indicated (Do 2009, Phatsara et al. 2007, 
Kumar et al. 2004, Wimmers et al. 2003).  

Polymorphic variants due to “silent” alleles, 
single-base deletion, missense mutation resulting in 
a change of amino acid, etc. could lead to 
deficiency of the terminal complement components 
(C6-9), one of main reasons causing an increased 
susceptibility and affected individuals typically 
present with recurrent meningitis, candidiasis and 
toxoplasmosis disease in different populations of 
human (Parham et al. 2007, Hobart et al. 1998, Zhu 
et al. 1998, Nishizaka et al. 1996, Alvarez et al. 
1995, Morgan et al. 1989).  

In the case of other animal species, C6 
deficiency was causes of unstable mRNA or a point 
mutation resulting in an aberrant transcription of 
the C6 gene in the rat (Van Dixhoorn et al. 1997), a 
point mutations in the Peru-Coppock (Bhole et al. 
2004), a blank allele in the chimpanzee (Raum et 
al. 1980), or atherosclerotic lesion progression in 
rabbit (Schmiedt et al. 1998). Genetic deficiency of 
the C8A-G was found in a strain of the New 
Zealand White rabbit leading to the following 
physiologic characteristic changes such as the body 
weight at the first week of life, mature weight, litter 
size, survival rates (Komatsu et al. 1985).  

2.6. Interaction between complement components 
Due to aging as well as accumulation after 

various vaccinations the complement system is 
increasingly activated and responsive. Activities of 
the terminal complement components maybe 
depend on the activity of other components acting 
on higher levels of the cascade. Especially, the 
formation of the C3 convertase followed by the C5 
convertase is key to the final overall HCA. The 
release of C5b from C5 that binds to C6-9 to form 
the membrane attack complex is cause of 
interaction of different protein sequences in the 
three pathways of activation. The C3b plays an 
important role for accelerating complement 
activation in the AP. This is implied that the HCA 
in the AP partly depends on C3b formed after the 
complement activation of the CP.  

Since relationship between C1q and C3 
established wherein higher concentrations of C1q 
were found more often in sera containing higher 
amounts of C3 (Yonemasu et al. 1978), Recent 
report has also demonstrated that responsiveness of 
C3, C5, and C6-9 to HCA was similarly quite each 
other at various time points of inoculations (Do 
2009, Kumar et al. 2004, Wimmers et al. 2003). It 
means that higher concentration of C3 and C5 leads 
to more generation of C6-9 and therefore activity of 
the MAC would be stronger in lysis. 

2.7. Other factors 
Vaccinations are known to effect acute phase 

response through cytokines like IL1, IL6 and 
TGFB1 that are released during immune response 
and in particular trigger the expression of C3 
(Gonzalez-Ramon et al. 2000, Mackiewicz et al. 
1990, Castell et al. 1989). It was also shown that 
monocytes-macrophages in imume organs increase 
after infection. This leads to synthesis and release 
of C1q and cytokines such as TNF-α, IL-1α, IL-1β, 
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and IL-6, the major cytokines involved in the 
pathogenesis of lymphocytopenia and 
thrombocytopenia (Sánchez-Cordón et al. 2005, 
2002). Treatment with low dose of anti-C1q 
antibody reduced the clinical severity of disease 
and IL-6 production in mice (Christadoss et al. 
2008). The increase of serum IL-6 in pig following 
PRRSV infection may induce production of HP 
(Asai et al. 1999), one of positive acute phase 
protein. In the case of infection with leishmaniasis 
in dog, the mean difference of C3 concentration 
between healthy dogs (93.3±6.6) and infected dogs 
(131.4±7.1) was statistically significant (Lucena et 
al. 1994). A short term elevation of complement 
activity after immunizations is an (sub-)acute phase 
response of the immune system (Wimmers et al. 
2003). Complement concentration increases in the 
initial phase of infection. Decreased complement 
levels could lead to immunosuppression (Ouma et 
al. 1997). Additionally, HCA in subsequent time 
points was higher than the previous along the 
experiment due to both antigen-specific and 
antigen-nonspecific immune responses and 
responsiveness that accumulated after each 
vaccination (Do 2009). 

For Salmonella minnesota, the bacteria 
avoided killing by complement because MAC was 
rapidly sloughed off. Although C3b as well as the 
stable complexes C5b-7 on the surface of bacteria 
was formed (Joiner et al. 1982a), subsequent 
additions of C8-9 caused release of C5b-7 
complexes (Joiner et al. 1982b).  

Schwab et al. (1966) reported the effect of 
temperature on the HCA of lizard and toad sera was 
similar to the effect on bactericidal activity, but 
with pig serum HCA was at a maximum between 
35 and 40oC. This has been suggested that fetal pigs 
are unable to produce antibodies, and, hence, their 
serum does not kill smooth strains of gram-negative 
bacteria (Sterzl et al. 1962).  

Birth weight and litter size accompanied by 
increased serum C3 concentration reflects 
ontogenic variation of the complement system at 
the end of gestation (Tyler et al. 1988). Larger birth 
weights were associated with increased probability 
of preweaning survival (Tyler et al. 1990).  
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