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Abstract

Complement is an integral part of the immune system protecting the host organism against invasion and prolif-
eration of various microorganisms. It is also involved in the removal of the body’s own damaged and altered cells.
Activation of the complement system is a very precise process and it is strictly controlled by regulatory proteins
present in both plasma and at host cells’ surfaces. C3 protein plays a major role in the complement activation and
generation of immune responses. Deficiencies of the C3 and other complement components, so-called early and
late complement proteins, contribute to the emergence of recurrent bacterial, viral and fungal infections. The low
level of mannose-binding lectin is also important. This protein plays a protective role in the early stages of infection
and in the control of inflammation. Its deficit is one of the most common reasons for human immunodeficiency,
observed in microbial infections as well as in autoimmune diseases such as rheumatoid arthritis. On the other
hand, the excessive activation of complement proteins is often discovered to be the reason for many diseases. These
include e.g. autoimmune diseases, Alzheimer’s syndrome, schizophrenia, atypical hemolytic-uremic syndrome,
angioedema, macular degeneration, and Crohn’s disease (Adv Clin Exp Med 2012, 21, 1, 105-114).
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Streszczenie

Ukfad dopelniacza jest integralnym elementem odpornosci chronigcym organizm gospodarza przed wnikaniem
i rozprzestrzenianiem réoznorodnych drobnoustrojow. Bierze réwniez udzial w usuwaniu uszkodzonych i zmieni-
onych komoérek wlasnych organizmu. Aktywacja ukladu dopelniacza odznacza sie precyzja i podlega $cistej kon-
troli ze strony bialek regulatorowych, znajdujacych sie zaréwno w osoczu, jak i na komérkach makroorganizmu.
Gléwng role w aktywacji komplementu i reakcjach odpornosciowych odgrywa biatko C3. Niedobory zaréwno
tego skladnika, jak i pozostalych, tzw. wczesnych oraz pdéznych bialek dopelniacza, sprzyjaja pojawianiu sie
nawracajacych zakazen bakteryjnych, wirusowych oraz grzybiczych. Duze znaczenie w podatno$ci organizmu na
choroby zakazne majg rowniez matle stezenia lektyny wigzacej mannoze. Bialko to pelni wazng role ochronna we
wczesnych stadiach zakazenia oraz regulacji procesu zapalnego. Z jednej strony jego deficyt to jeden z najczesciej
wystepujacych wsrdd ludzi niedoboréw odpornosci, obserwowany zaréwno w zakazeniach drobnoustrojami, jak
i w chorobach autoimmunologicznych, np. reumatoidalnym zapaleniu stawow. Z drugiej strony, stale odkrywa si¢
choroby i zespoty objawdw, ktérych podloza upatruje si¢ w nadmiernej aktywacji komplementu. Nalezg do nich
m.in. choroby autoimmunizacyjne, zesp6él Alzheimera, schizofrenia, atypowy zespot hemolityczno-mocznicowy,
obrzek naczynioruchowy, zwyrodnienie plamki zoltej czy zesp6l Lesniowskiego-Crohna (Adv Clin Exp Med 2012,
21,1, 105-114).

Stowa kluczowe: niedobory bialek dopelniacza, regulacja dopelniacza, zakazenia bakteryjne, MBL, biatko C3.

Complement (C), together with the antibodies among others, for Gram-negative bacteria cells’ ly-

present in serum, phagocytic and cytotoxic cells, is
an integral part of the immune system protecting
the human body against the invasion and prolifer-
ation of various microorganisms. It is responsible,

sis. In addition to the lytic activity, complement to-
gether with the IgM and IgG antibodies is involved
in opsonization, resulting in more efficient phago-
cytosis of the antigen-antibody complexes bound
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to protein C3b. Complement components C3a,
C4a and Cb5a act as anaphylotoxins — mediators of
inflammation, which cause increased permeability
of blood vessels as a result of mast cell degranula-
tion and histamine release [1, 2].

The complement system is made up of ap-
proximately 40 proteins of an enzymatic, recep-
tor, and regulatory nature, which all participate
in a very well-functioning immune system [3, 4].
Complement proteins are synthesized mainly by
hepatocytes, monocytes/macrophages, and en-
terocytes [4, 5], as well as by adipocytes [6] and
glial cells [7]. Most of these components circulate
in the blood and other body fluids in an inactive
form. They have been divided into early-reacting
proteins of non-catalytic activity and late-reacting
proteins, which form a so-called membrane at-
tack complex (MAC) on the surface of a target cell
membrane.

Complement activation is a cascade process in
which the inactive proenzymes are converted into
proteases, for which other proteins of the comple-
ment system are the reaction substrates [4, 5, 8].
Complement is activated on the classical, alterna-
tive and lectin pathways [4, 8] (Fig. 1).

The classical pathway of complement activa-
tion is triggered by the binding of a C1q component
(Ca**-dependent lectin) to the antigen-IgG or anti-
gen-IgM complex, which is a signal for Clr and Cls
activation [4]. Active Cls compound (C1 protein-
ase) causes proteolytic cleavage of C4 and C2 to the
“a” and “b” subunits. Components C4b and C2a bind
to form an enzyme — C3 convertase (C4b2a) [5].

The alternative pathway of complement acti-
vation is triggered spontaneously and it does not
require the participation of either antibodies or
C1, C2 and C4 components [5] (Fig. 1). Therefore,
it plays an important role in the early stages of bac-
terial infection, in fetal development, in newborns
and infants, when the level of antibodies is low.
Activators of this pathway include Gram-positive
and Gram-negative bacteria (especially bacterial
cell wall polysaccharides), viruses, and virus-in-
fected cells, fungi, protozoa, some parasitic worms
and cancer cells. The presence of protein C3b,
which is obtained by the spontaneous hydrolysis
of the ester bonds within the C3 molecule or as
aresult of classical pathway activation, is necessary
for stimulation of the alternative pathway [9]. In
the initial stage of activation, subunit C3b binds
- in the presence of Mg* - to complement fac-
tor B. The resulting C3bB complex interacts with
a protein D, which causes dissociation of a B mol-
ecule into Ba and Bb subunits. The Bb component
combines with C3b, creating in this way C3 con-
vertase (C3bBbP) stabilized by properdin (P). That
is why the alternative complement route was for-

merly known as the properdin pathway [4, 5, 8, 9].
It might seem that everything is already known
about the activation of the alternative pathway, but
some new facts were recently presented by Kemper
et al [10]. This paper shows that properdin has the
ability to bind to early apoptotic T cells. This re-
sults in complement activation, leading to C3b op-
sonization and ingestion by phagocytic cells. The
recognition of dying T cells by properdin protects
the human body from harmful inflammatory and
autoimmune reactions. This interesting discovery
deserves further and more detailed investigation.

The lectin route of complement activation is
also antibody independent. It involves — in the
presence of Ca** — the attachment of mannose
binding lectin (MBL) to the sugar residues present
on the surface of various pathogens, such as bac-
teria, viruses, fungi and protozoa [4, 11]. MBL is
also able to bind non-sugar ligands, such as phos-
pholipids, outer membrane proteins of Neisseria
spp., and the DNA of apoptotic cells [12]. MBL
circulates in serum in complexes with MASP-1,
MASP-2, MASP-3 (MBL-associated serine prote-
ases) and sMAP (small MBL-associated protein,
MAP-19) (Fig. 1). Formation of a MBL polysac-
charide complex triggers conversion of serine pro-
tease proenzymes into their active forms. MASP-1
cleaves C3 and C2 and MASP-2 splits C4 and C2
complement components. As a result of these inter-
actions C3 convertase (C4b2a) is created [12, 13].
MASP-3 function is likely to regulate the activity
of MASP-2, while the role of SMAP is still not fully
understood [4, 12].

In the further stages of complement activa-
tion, the C5 convertases of the classical and lec-
tin pathways (C4b2a3b) and the alternative route
(C3bBb3b) resulting from the activation of com-
plement proteins cascade, causing proteolysis of
factor C5 into C5a and C5b subunits. The C5a
component acts as an anaphylotoxin, while the
C5b fragment sequentially joins other comple-
ment components (C6, C7, C8, and C9) to form
the membrane attack complex C5b-9 (MAC) on
the surface of a target cell. MAC damages the bac-
terial cell membrane by the creation of channels or
pores, leading to electrolyte imbalance and metab-
olism disturbances, resulting in cell death [4, 5].

It is worth noting that some additional com-
plement activation pathways were recently dis-
covered. The first one is called the “C2-bypass”,
whereby the direct lysis (omitting C2 and C4 pro-
teins) of a C3 component by an MBL/MASP-2
complex occurs [15]. Therefore, MBL/MASP-2
can be responsible not only for the lectin route of
complement activation, but as suggested by some
authors, by direct lysis of factor C3 of the alterna-
tive pathway [15, 16] (Fig. 1). In another way of
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complement activation, proteolytic enzymes kal-
likrein and thrombin, proteins belonging to the
serine proteases family, are involved. Kallikreins
are present in the cells of exocrine glands, the neu-
trophils and body fluids. They contribute to kinin
and plasmin synthesis [17, 18]. Thrombin is in-
volved in the conversion of fibrinogen into fibrin,
and therefore, as well as kallikrein, it stimulates the
processes of blood coagulation [19]. Both proteins
can stimulate the complement system, causing di-
rect lysis of components C3 and C5 [17] (Fig. 1).

The Major Role of Protein
C3 in Complement
Activation

The protein C3 plays a major role in the acti-
vation of the complement system and the organ-
ism’s immune responses [5, 20, 21]. At the level
of this component, all the complement activation
pathways are linked together (see Fig. 1).

As a result of the proteolytic action of classi-
cal and lectin (C4b2a) and alternative pathways
(C3bBbP) C3 convertases, protein C3 is broken
down into two subunits: a smaller C3a - of ana-
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phylotoxin nature and a bigger — C3b, which binds
to the target cell’s membrane. The C3b component
is involved in both the lytic reactions and the op-
sonization process.

Subunit C3b, together with factor iC3b (a Iyti-
cally inactive form of C3b) opsonize the antigen,
which enables its immunophagocytosis by leuko-
cytes carrying on their surface receptors for these
complement components (CR1 for C3b and CR3
for iC3b). Some C3b molecules act as components
of the alternative pathway’s C3 convertase and take
part in strengthening (amplification) of the com-
plement system activation in this way. As a result
of combining the agent C3 with C3 convertases,
C5 convertases are formed, and subsequently so-
called late proteins of the complement system (C5-
C9) are activated [5, 20, 21].

For the reasons stated above, the protein C3
is essential in the macro-organism’s resistance
against infections caused by bacteria, protozoa,
fungi and some viruses. The participation of com-
ponent C3 in anti-infectious immunity has been
confirmed by observations of close correlation be-
tween genetic deficiency or absence of this protein
and recurrent bacterial infections [21, 22].
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Fig. 1. Complement activation pathways [4, 9, 10, 19, 21, 22]
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Ryc. 1. Drogi aktywacji uktadu dopelniacza [4, 9, 10, 19, 21, 22]
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Table 1. Regulatory proteins of the human complement system [1-3, 5, 8, 22]

Tabela 1. Bialka regulatorowe ukladu dopelniacza cztowieka [1-3, 5, 8, 22]

Regulatory protein | Name Function
(Biatka regula- (Nazwa) (Funkgja)
torowe)
Serum C1INH inhibition of Clr and Cls;
(Surowicze) (Cl-inhibitor, serpin) removal of MASP-1 and MASP-2 from active MASP/MBL complexes
a2-macroglobulin regulation of MASP/MBL complexes activity
factor I (fI) control of C3 and C5 convertases activity (breakdown of the a chains
in C3b
and C4b molecules - in cooperation with appropriate co-activators)
C4BP fI co-activator (participation in the inactivation of the classical path-
(C4-binding protein) way convertase C3)
factor H (fH) fI co-activator (participation in the inactivation of the alternative
pathway convertase C3)
C3INA (C3-inactivator) inactivation of C3a
factor S (fS, vitronectin) preventing the incorporation of C5b-7 complexes in the membrane
clusterin
Cellular DAF (Decay Accelerating | shortening the half-life of the classical and alternative pathways
(Komorkowe) Factor, CD55)
MCP (Membrane supporting C3b and C4b degradation by fI
Cofactor Protein, CD46)
CR1 (CD35) control of C3 and C5 convertases activity through the distribution of
C3b and C4b
CR2 (CD21) regulation of antibody synthesis by B cells
CR3 (CD11b/CD18) phagocytosis supporting
CR4 (CD11¢/CD18)
HRF (Homologous blocking of MAC formation by binding C8 and C9
Restriction Factor, CD59)
MIRL (Membrane blocking C9 attachment and MAC creation
Inhibitor of Reactive
Lysis)
Regulatory Proteins Abnormalities in complement system func-

of the Complement System

tioning, associated with both deficiencies and ex-
cessive activation of its components and regulatory

It should be kept in mind that complement sys-
tem activation and MAC creation are very precise
processes, strictly controlled by regulatory pro-
teins present in plasma and the macro-organism’s
cells (Table 1). These proteins have an inhibitory
nature and they exert their effects mainly by short-
ening the half-life of C3 and C5 convertases [5].
Factors present on the cells” surface are respon-
sible for catching the complement components.
This allows the body’s own cell defense against
complement activation by microorganisms. Pro-
perdin is virtually the only complement stabiliz-
ing factor.

proteins, may be responsible for the occurrence of
pathological syndromes [3, 22].

The Role of Deficiencies

and Excessive Activation

of Complement Proteins

in Various Diseases

Innate immune mechanisms including the
complement system are the first line of a higher

organism’s defense against infective agents com-
ing from the external environment [3, 5]. Im-
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pairment of these basic mechanisms can cause
a diverse spectrum of diseases. The reasons for the
complement system malfunctioning may be dif-
ferent. They are often the result of mutations in
genes encoding the complement cascade proteins
or regulatory proteins.

Disorders of Complement
System Activation
in Infectious Diseases

In patients with deficiencies of complement
proteins, the greater susceptibility to infections
and the occurrence of recurrent bacterial infec-
tions are often observed [5, 22] (Fig. 2). A key
component of the complement cascade - protein
C3 - plays a primary role in the resistance of the
host organism to bacterial, viral, fungal, and para-
sitic infestations.

The results of numerous research studies con-
firm the correlation between C3 deficiency and re-
current infections caused by both Gram-negative
(e.g. Neisseria spp., Haemophilus influenzae) and
Gram-positive (e.g. Streptococcus pneumoniae)
bacteria [21, 23]. The particular susceptibility to
infections in patients with C3 deficiencies is strict-
ly related to the major role of this component in

CLASSICAL PATHWAY

diseases associated with
immune complexes
deposition

both the lytic serum properties and opsonophago-
cytosis [23, 24].

Deficiencies of the late complement proteins
involved in the creation of the MAC are related
to the occurrence of meningococcal infections. In
patients displaying a deficiency of even one of the
proteins belonging to the group of C5-C8, recur-
rent systemic infections, meningitis, purulent oti-
tis media and bacteremia, usually of severe inten-
sity, may occur [3, 22]. Meningococcal and other
bacterial infections are also linked with properdin
deficiency [25].

The absence of the C3INA factor, which con-
trols the activity of C3, in the clinical picture re-
sembles the state of agammaglobulinemia and
promotes the recurrence of bacterial infections.
It is also observed that the deficiencies of the al-
ternative pathway’s factors B, D, P, and H, lead
to increased susceptibility to infections caused by
Neisseria spp., Proteus spp., and Pseudomonas spp.
bacteria [22, 24].

Since the first case, in 1968, of a girl with atopic
dermatitis suffering from recurrent bacterial infec-
tions and disorders of phagocytosis was described,
MBL has been considered to be a very important
component of innate immunity and is used in the
treatment of various diseases [20, 26]. MBL plays
an essential protective role in the early stages of
infection, before the development of effective hu-
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Fig. 2. Complement system deficiencies and related disorders [6, 26, 39, 46, 60, 61]

Ryc. 2. Niedobory biatek uktadu dopelniacza i zwigzane z nimi schorzenia [6, 26, 39, 46, 60, 61]
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Fig. 3. Selected diseases and syn-
dromes associated with excessive
complement activation [6, 28, 29,
39, 40, 46, 60, 61]
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40, 46, 60, 61]
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moral and/or cellular immunity responses. The
deficit of this protein — one of the most common
among human immune deficiency - may contrib-
ute to increased susceptibility to infectious diseases
in childhood, as well as in adulthood [27, 28].
MBL occurs in serum in different concentra-
tions, varying between populations, different age
groups and among certain individuals. MBL pres-
ence in the serum at birth supports the hypoth-
esis of its fundamental role in innate responses
against a broad spectrum of pathogens. MBL is
also involved in the regulation of the inflamma-
tory processes through its impact on the increase
or decrease of the level of cytokines secreted by
cells [27, 29]. This collectin also plays an impor-
tant role in opsonophagocytosis, providing an ef-
ficient defense against pathogenic microorganisms
[29]. MBL together with complement component
Clq and pulmonary surfactant protein A facilitate
phagocytosis, and thus may contribute to Myco-
bacterium tuberculosis bacteria elimination [30,
31]. The role of this protein in the body’s defense
against infections induced by Cryptosporidium
parvum in AIDS patients is also stressed [32].
Scientific research carried out mainly in the last
decade has also shown that complement proteins
could participate in infectious kidney diseases. One
example is acute glomerulonephritis (aGN), a dis-
ease of sudden onset and in most cases self-limiting
course. This disease can be caused in the kidneys
by immune complex-induced complement activa-
tion during beta-hemolytic streptococci infection.
aGN usually occurs in children and can lead to kid-
ney failure [33-35]. In this disease, complement is
activated mainly by the alternative pathway, with
a simultaneous inhibition of the classical route.
Decreased levels of proteins C3, C5 and proper-
din were observed in aGN patients, concomitant

rheumatoid
arlhrltls

Crohn s disease

with normal concentration of component C4 [36].
There are several hypotheses of aGN development.
One of them implies the binding of a bacterial an-
tigen to the nephritis glomeruli membrane. This
probably leads to the antigen-antibody inflamma-
tory reaction and complement activation resulting
in the damage of the glomeruli membrane [37].
According to another approach, bacterial proteins
transform glomerular molecules, which are recog-
nized as “foreign” antigens and became the target
of complement proteins [38]. Therefore, it seems
very important to promote prevention, making
it possible to avoid urinary tract infections, espe-
cially in childhood when the development of the
immune system is not completed.

Genetically Determined
Complement System
Disorders in Non-Infectious
Diseases

In addition to bacterial infections, deficiencies
of complement proteins underlie many non-infec-
tious disorders.

In humans, genetically determined MBL de-
ficiencies are observed in autoimmune diseases
such as systemic lupus erythematosus (SLE) and
rheumatoid arthritis (RA) [39, 40]. Observation of
the low concentrations of MBL and other comple-
ment proteins (e.g. Clq, Clr, C4) and poor acti-
vation of the complement system are also charac-
teristic findings in active SLE [41]. It has become
more and more obvious that the pathogenesis of
SLE is very complex, connected with multiple gene
modifications and additionally dependent on en-
vironmental factors [40].
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Reduced levels of H and B factors are associat-
ed with age-related macular degeneration (AMD)
[42]. Recently conducted studies [43-45] have
shown that mutations in HTRAI and CFH genes,
encoding the complement regulatory factors H
and B, can significantly increase the risk of AMD.
Under normal, physiological conditions, factor H
inhibits the inflammatory response, converting
C3b to an inactive iC3b form, and also weakens
the binding of C3b with factor B. The point muta-
tion in the CFH gene weakens the affinity of its
product - factor H to CRP (C-reactive protein).
This probably reduces the complement activity
regulation in the eye fundus and leads to patho-
logical inflammation in the macula.

It is worth noting that the participation of
complement components in the atypical form of
hemolytic-uremic syndrome (aHUS) has also been
confirmed [46, 47]. aHUS is a disorder caused by
excessive complement activation, caused by de-
fects in genes encoding proteins of this system and
the presence of autoantibodies against regulatory
proteins indispensable for proper complement
functioning [47]. aHUS is mainly induced by the
defects in genes encoding mainly factors H and I,
deficiencies of which cause severe disorders in the
activation of complement resulting in kidney fail-
ure. A somewhat less frequent cause of aHUS is
mutations in the gene of thrombomodulin - a gly-
coprotein with anticoagulant properties, playing
a role in the inactivation of C3a and C5a anaphy-
lotoxins [48].

Inherited Clq deficiency is noted in patients
with systemic lupus erythematosus and provides
the proof for the complement components’ par-
ticipation in the pathogenesis of autoimmune pro-
cesses [40, 49].

Ithasbeen also observed that the genetically de-
termined deficiency of the C1 inhibitor (C1-INH,
Cl-esterase inhibitor) occurs in hereditary angio-
edema (HAE). This is a rare, life-threatening dis-
ease of the skin and mucous membranes, mani-
festing as intermittent, recurrent swelling of the
face, genitalia, digestive tract and larynx. C1-INH
is one of the key regulators of the complement
system, coagulation and kallikrein-kinin cascade
[50]. C1-INH inhibits the activity of Cls and Clr,
thus preventing the uncontrolled integration of
the C2 and C4 components, and excessive com-
plement activation through the classical path-
way. Its deficiency causes continuous stimulation
of this complement route, which is the result of
increased self-activation of the C1 protein. In pa-
tients with HAE, this activation is persistent and
independent of the appearance of clinical symp-
toms. C1-INH also inhibits active coagulation
factor XII and kallikrein resulting in the release

of bradykinin, responsible for the formation of
edema and pain [50, 51].

Different diseases and pathological syndromes
with excessive complement activation are shown in
Fig. 3. These disturbances were recorded in a wide
range of medical disorders including patients with
Huntington’s chorea, Alzheimer’s disease, schizo-
phrenia, etc. [3, 5, 7, 33]. In patients with Al-
zheimer’s syndrome, deposition of beta-amyloid
plaques in the brain stimulates microglia not only
to cytokines secretion, free radicals and nitric ox-
ide production, but also activates the complement
system proteins, including the C1 component,
CR3 and CR4 receptors. This leads to dysfunction
of neurons, their degeneration and eventually the
patient’s death [52]. On the other hand, it is worth
noting that the data collected in recent years sug-
gests neuroprotective properties of some comple-
ment components [7].

The attempts to link Crohn’s disease with the
presence of MBL2 gene polymorphism and low
MBL level have also been undertaken [53]. Cer-
tainly, there should be research continuously car-
ried out that will allow us to better understand the
molecular cause of this very serious disease.

To date, it has been established that early com-
plement proteins (Clq, Clr, C1S, C3, C4) and MBL
play a key role in the clearance of apoptotic debris,
and their genetically determined deficiencies can
be associated with the development of glomerulo-
nephritis and vasculitis [2, 5, 33, 34, 54, 55]. This
phenomenon is also observed in multiple sclerosis
(MS), a very complex and still poorly known dis-
ease of the central nervous system [33, 55].

Therapeutic Strategies
in Disorders of Complement
System Functioning

Both deficiency and excessive activation of
complement system proteins require therapy.
However, it is not easy to find appropriate and
long-term effective methods of treatment and
elimination of the clinical consequences of com-
plement system activity disorders. Newer and bet-
ter therapeutic strategies are being developed all
the time. An example is the treatment of HAE. In
2009, C1-INH replacement therapy and kallikrein
inhibitors became available for the treatment of
acute HAE attacks [56]. Prior to this treatment,
fresh-frozen plasma transfusion was administered
for acute HAE attacks [57].

One of the possibilities of treatment of MBL
deficiency is replacement therapy, or intravenous
injection of purified MBL preparations. Research
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carried out in this field shows that the use of MBL
preparations in children brings several years’ last-
ing improvement in their health, without any
unwanted side effects [58]. Some hope is also as-
sociated with the use of recombinant MBL prepa-
rations, free from the risk carried by the adminis-
tration of blood-derivative products. In the future,
it is planned to use them on a larger scale in the
treatment of the autoimmune diseases, cystic fi-
brosis and hepatitis C, as well as in women with
recurrent miscarriages and patients with infective
endocarditis [27, 59].

Difficulties in removal of the blocking auto-
antibodies and excessively activated complement
components make it necessary for partial or com-
plete replacement of the plasma to be used as the
first-line therapy for patients with aHUS. Kidney
transplants are also performed, but in both cases,
therapy is frequently inefficient and relapses are of-
ten observed. In the currently proposed treatment
strategies, in parallel with kidney and liver trans-
plantation, the elimination of the effects of factors
H and I gene mutations have been proposed. One
of the tested medications is usage of eculizumab
- a monoclonal anti-C5 antibody, an inhibitor of
the final complement activation stage. It acts by
binding to C5 and inhibiting its breakdown into
C5a and C5b, thereby preventing the formation of
MAC complexes [48]. This compound, approved
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ment-dependent myocardial infarction and stroke
[61] and are proposed as therapeutic agents in
chronic inflammation in, for instance, RA and ne-
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Now, after more than 100 years since the
complement system was described, new ways of
its activation are still being discovered. Research
carried out in this area constantly leads to new and
often surprising results. As illustrated by examples
described above, of the pathologies caused by re-
duced as well as excessive complement activation,
this complicated protein system requires constant
and very precise control. Therefore, it is important
to conduct further research and clinical trials, and
search for new treatment strategies which will al-
low us to integrate even better with the dangerous
consequences of these disorders.

The author is grateful to Professor Andrzej Hendrich for reading and improving the manuscript, and preparing

the figures.

References

[1] Sacks SH: Complement fragments C3a and C5a: the salt and pepper of the immune response. Eur ] Immunol 2010,

40, 668-670.

[2] Zipfel PF, Heinen S, Jozsi M, Skerka C: Complement and diseases: defective alternative pathway control results
in kidney and eye diseases. Mol Immunol 2006, 43, 97-106.

[3] Klaska I, Nowak JZ: Rola uktadu dopelniacza w fizjologii i patologii. Post Hig Med Dosw 2007, 61, 167-177.

[4] Sim RB, Tsiftsoglou SA: Proteases of the complement system. Biochem Soc Trans 2004, 32, 21-27.

[5] Morgan BP: Complement. In: Topley & Wilson’s Microbiology & Microbial Infections, 10* ed; Eds.: Kaufman
SHE, Steward MW. Immunology. v. 1, pp. 141-163. Hodder Arnold ASM Press, London 2005.

[6] MacLaren R, Cui W, Cianflone K: Adipokines and the immune system: an adipocentric view. Adv Exp Med Biol

2008, 632, 1-21.

[7] Griffiths MR, Gasque P, Neal JW: The multiple roles of the innate immune system in the regulation of apoptosis
and inflammation in the brain. ] Neuropathol Exp Neurol 2009, 68(3), 217-226.
[8] Zipfel PF, Skerka C: Complement regulators and inhibitory proteins. Nat Rev Immunol 2009, 9, 729-740.
[9] Lachmann PJ: The amplification loop of the complement pathways. Adv Immunol 2009, 104, 115-149.
[10] Kemper C, Mitchell LM, Zhang L, Hourcade DE: The complement protein properdin binds apoptotic T cells and
promotes complement activation and phagocytosis. Proc Natl Acad Sci USA 2008, 105, 9023-9028.
[11] Turner MW: The role of mannose-binding lectin in health and disease. Mol Immunol 2003, 40, 423-429.
[12] Endo Y, Takahashi M, Fujita T: Lectin complement system and pattern recognition. Immunobiology 2006, 211,

283-293.

[13] Takahashi M, Iwaki D, Kanno K, Ishida Y, Xiong J, Matsushita M, Endo Y, Miura S, Ishii N, Sugamura K,
Fujita T: Mannose-binding lectin (MBL)-associated serine protease (MASP)-1 contributes to activation of the
lectin complement pathway. ] Immunol 2008, 180, 6132-6138.

[14] Matsushita M, Fujita T: Ficolins and the lectin complement pathway. Immunol Rev 2001, 180, 78-85.



Human Complement System Disorders 113

[15] Atkinson JP, Frank MM: Bypassing complement: evolutionary lessons and future implications. J Clin Invest 2006,
116, 1215-1218.

[16] Selander B, Martensson U, Weintraub A, Holmstrom E, Matsushita M, Thiel S, Jensenius JC, Truedsson L,
Sjoholm AG: Mannan-binding lectin activates C3 and alternative complement pathway without involvement of
C2.] Clin Invest 2006, 116, 1425-1434.

[17] Markiewski MM, Lambris JD: The role of complement in inflammatory diseases from behind the scenes into the
spotlight. Am J Pathol 2007, 171, 715-727.

[18] Bhoola KD, Figueroa CD, Worthy K: Bioregulation of kinins: kallikreins, kininogens, and kininases. Pharmacol
Rev 1992, 44, 1-80.

[19] Bode W: Structure and interaction modes of thrombin. Blood Cells Mol Dis 2007, 36, 122-130.

[20] Takahashi K, Shi L, Gowda LD, Ezekowitz RA: Relative roles of complement factor 3 and mannose-binding
lectin in host defense against infection. Infect Immun 2005, 73, 8188-8193.

[21] Reis ES, Falcao DA, Isaac L: Clinical aspects and molecular basis of primary deficiencies of complement compo-
nent C3 and its regulatory proteins factor I and factor H. Scand ] Immunol 2006, 63, 155-168.

[22] Tedesco F: Inherited complement deficiencies and bacterial infections. Vaccine 2008, 26, Suppl. 8, 3-8.

[23] Sjoholm AG, Jonsson G, Braconier JH, , Sturfelt G, Truedsson L: Complement deficiency and disease: an update.
Mol Immunol 2006, 43), 78-85.

[24] Frank MM. Complement deficiencies. Pediatr Clin North Am 2000, 47, 1339-1354.

[25] Stover C, Luckett J, Echtenacher B, Dupont A, Figgitt S, Brown J, Mannel D, Schwaeble W: Properdin plays
a protective role in polymicrobial septic peritonitis. ] Immunol 2008, 180, 3313-3318.

[26] Shang S, Chen G, Shen J, Yu XH, Wang KY: The binding of MBL to common bacteria in infectious diseases of
children. ] Zhejiang Univ Sci B 2005, 6, 53-56.

[27] Kilpatrick DC: Mannan-binding lectin: clinical significance and applications. Biochim Biophys Acta 2002, 1572,
401-413.

[28] Summerfield JA: Clinical potential of mannose-binding lectin replacement therapy. Biochem Soc Trans 2003,
31, 770-773.

[29] Jack DL, Klein NJ, Turner MW: Mannose-binding lectin: targeting the microbial world for complement attack
and opsonophagocytosis. Immunol Rev 2001, 180, 86-99.

[30] Soborg C, Madsen HO, Andersen AB, Lillebaek T, Kok-Jensen A, Garred P: Mannose-binding lectin polymor-
phisms in clinical tuberculosis. J Infect Dis 2003, 188, 777-782.

[31] Bonar A, Chmiela M, Roézalska B: Poziom lektyny wigzacej mannoze (MBL) u chorych na gruzlice. Pneumonol
Alergol Pol 2004, 72, 201-205.

[32] Kelly P, Jack DL, Naeem A, Mandanda B, Pollok RC, Klein NJ, Turner MW, Farthing MJ: Mannose-binding
lectin is a component of innate mucosal defense against Cryptosporidium parvum in AIDS. Gastroenterology 2000,
119, 1236-1242.

[33] Skrzypczyk P, Panczyk-Tomaszewska M, Szymanik-Grzelak H: Ostre klebuszkowe zapalenie nerek. Nowa
Pediatr 2009, 1, 27-32.

[34] Madalinski K, Cedzynski M, Swierzko AS, Szczepanska-Szerej A: Uklad dopelniacza - efektor reakcji zapalne;.
Mozliwosci regulacji aktywnos$ci dopelniacza w chorobach niedokrwiennych. Przegl Epidemiol 2007, 61, 701-
711.

[35] Botto M, Dell’Agnola C, Bygrave AE, Thompson EM, Cook HT, Petry F, Loos M, Pandolfi PP, Walport MJ:
Homozygous Clq deficiency causes glomerulonephritis associated with multiple apoptotic bodies. Nat Genet
1998, 19, 56-59.

[36] Perez-Caballero D, Garcia-Laorden I, Cortés G, Wessels MR, de Cordoba SR, Alberti S: Interaction between
complement regulators and Streptococcus pyogenes: binding of C4b binding protein and factor H/factor H-like
protein 1 to M18 strains involves two different cell surface molecules. ] Immunol 2004, 173, 6899-6904.

[37] Luo YH, Kuo CF, Huang KJ, Wu JJ, Lei HY, Lin MT, Chuang W], Liu CC, Lin CF, Lin YS: Streptococcal pyro-
genic exotoxin B antibodies in a mouse model of glomerulonephritis. Kidney Int 2007, 72, 716-724.

[38] Ahn SY, Ingulli E: Acute poststreptococcal glomerulonephritis: an update. Curr Opin Pediatr 2008, 20, 157-
162.

[39] Seelen MA]J, van der Bijl EA, Trouw LA, Zuiverloon TC, Munoz JR, Fallaux-van den Houten FC, Schlagwein
N, Daha MR, Huizinga TW, Roos A: A role for mannose-binding lectin dysfunction in generation of autoanti-
bodies in systemic lupus erythematosus. Rheumatol 2005, 44, 111-119.

[40] Sturfelt G, Truedsson L: Complement and its breakdown products in SLE. Rheumatology 2005, 44, 1227-1232.

[41] Hoffmann C, Hoffmann P, Lun A, Biining C, Hiepe F, Scherer HU, Steinhagen-Thiessen E, Weimann A: Is
there a role for mannan-binding lectin in the diagnosis of inflammatory bowel disease? Immunogenetics 2010,
62, 231-235.

[42] Nowak JZ, Waszczyk M: Rola zapalenia i ukladu dopelniacza w etiopatogenezie zwyrodnienia plamki zwigzanego
z wiekiem. Mag Okul 2006, 3, 142-151.

[43] DeWan A, Liu M, Hartman S, Zhang SS, Liu DT, Zhao C, Tam PO, Chan WM, Lam DS, Snyder M, Barnstable
C, Pang CP, Hoh J: HTRAI promoter polymorphism in wet age-related macular degeneration. Science 2006, 314,
989-992.

[44] Yang Z, Camp NJ, Sun H, Tong Z, Gibbs D, Cameron DJ, Chen H, Zhao Y, Pearson E, Li X, Chien J, Dewan A,
Harmon J, Bernstein PS, Shridhar V, Zabriskie NA, Hoh J, Howes K, Zhang K: A variant of the HTRA1 gene
increases susceptibility to age-related macular degeneration. Science 2006, 314, 992-993.



114 D. TICHACZEK-GOSKA

[45] Hayashi H, Yamashiro K, Goth N, Nakanishi H, Nakata I, Tsujikawa A, Otani A, Saito M, Iida T, Matsuo K,
Tajima K, Yamada R, Yoshimura N: CFH and ARMS?2 variations in age-related macular degeneration, polypoidal
choroidal vasculopathy, and retinal angiomatous proliferation IOVS 2010, 51, 5914-5919.

[46] Zipfel PF, Misselwitz J, Licht, Skerka C: The role of defective complement control in hemolytic uremic syndrome
Semin Thromb Hemost 2006, 32, 146-154.

[47] Kavanagh D, Goodship T: Haemolytic uraemic syndrome. Nephron Clin Pract 2011, 118, 37-42.

[48] Waters AM, Licht C: aHUS caused by complement dysregulation: new therapies on the horizon. Pediatr Nephrol
2011, 26, 41-57.

[49] Caliezi C, Wuillemin WA, Zeerleder S, Redondo M, Eisele B, Hack CE: Cl-esterase inhibitor: an anti-inflam-
matory agent and its potential use in the treatment of diseases other than hereditary angioedema. Phamacol Rev
2000, 52, 91-112.

[50] Banerji A: Current treatment of hereditary angioedema: An update on clinical studies. Allergy Asthma Proc 2010,
31, 398-406.

[51] Bas M, Adams V, Suvorava T, Niehues T, Hoffmann TK, Kojda G: Nonallergic angioedema: role of bradykinin.
Allergy 2007, 62, 842-856.

[52] Heneka MT, O’Banion MK, Terwel D, Kummer MP: Neuroinflammatory processes in Alzheimer’s disease.
J Neural Transm 2010, 117, 919-947.

[53] Hoffmann C, Hoffmann P, Lun A, Biining C, Hiepe F, Scherer HU, Steinhagen-Thiessen E, Weimann A: Is
there a role for mannan-binding lectin in the diagnosis of inflammatory bowel disease? Immunogenetics 2010,
62, 231-235.

[54] Botto M, Kirschfink M, Macor P, Pickering MC, Wiirzner R, Tedesco F: Complement in human diseases:
Lessons from complement deficiencies. Mol Immunol 2009, 46, 2774-2783.

[55] Trouw LA, Blom AM, Gasque P: Role of complement and complement regulators in removal of apoptotic cells.
Mol Immunol 2008, 45, 1199-1207.

[56] Levy JH, Freiberger DJ, Roback J: Hereditary angioedema: current and emerging treatment options. Anesth
Analg 2010, 110, 1271-1280.

[57] Zuraw B: Clinical practice. Hereditary angioedema. N Engl ] Med 2008, 359, 1027-1036.

[58] da Silva Kotze LM, de Carvalho EG, da Rosa Utiyama SR, Nisihara RM, Messias-Reason I: Mannan-binding
lectin levels related to spontaneous abortion in Brazilian patients with celiac disease. Dig Dis Sci 2008, 53, 3152-
3157.

[59] Tran CT, Kjeldsen K, Haunso, Hoiby N, Johansen HK, Christiansen M: Mannan-binding lectin is a determi-
nant of survival in infective endocarditis. Clin Exp Immunol 2007, 148, 101-105.

[60] Hillmen P, Young NS, Schubert J, Brodsky RA, Socié G, Muus P, Roth A, Szer J, Elebute MO, Nakamura R,
Browne P, Risitano AM, Hill A, Schrezenmeier H, Fu CL, Maciejewski J, Rollins SA, Mojcik CF, Rother RP,
Luzzatto L: The complement inhibitor eculizumab in paroxysmal nocturnal hemoglobinuria. N Engl ] Med 2006,
12, 1233-1243.

[61] Morgan BP, Harris CL: Complement therapeutics: history and current progress. Mol Immunol 2003, 40, 159-
170.

[62] Wen L, Atkinson JP, Giclas PC: Clinical and laboratory evaluation of complement deficiency. J Allergy Clin
Immunol 2004, 113, 585-593.

Address for correspondence:

Dorota Tichaczek-Goska

Department of Biology and Medical Parasitology
Wroclaw Medical University
Mikulicza-Radeckiego 9

50-367 Wroclaw

Poland

Tel.: +48 71 784 15 23

E-mail: dgoska@biolog.am.wroc.pl

Conlflict of interest: None declared
Received: 17.02.2011

Revised: 4.07.2011
Accepted: 5.10.2011



	Strona tytułowa / Title page

