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nherited deficiencies of complement
components are rare disorders that
predispose to bacterialinfections. They
are classified into two general categories:
Integral component defects and regulatory
component defects. The affected individual
loses not only the activity of the deficient
protein, but also the functions of the pro-

teins that follow in the cascade.

Manifestations Cliniques :

Deficiencies in an integral component of
the activating cascades: present predomi-
nantly with recurrent bacterial infections
and/or systemic lupus erythematosus

(SLE).

Deficiencies in regulatory proteins: de-
velop specific disorders resulting from
undesirable complement activation and
lead to consumption of multiple compo-
nents in a pathway and to an excessive
local inflammatory response at a site of
injury or debris accumulation, commonly
requires an underlying trigger, such as en-

dothelial cell damage.

Inherited disorders of the
complement system

1. Classical pathway deficiencies:

a. C1 deficiency: Although any one of the
three subcomponents (Clq, Clr, or Cls)
of the C1 complex may be deficient, the
most common inherited deficiency is of

Clq.

More than 90% of C1q deficient individu-
als develop SLE and they may also have

recurrent bacterial infections.

A deficiency of the serine protease (Clr
or Cls) also results in the development of
SLE, with prominent renal and cutaneous

sequelae.

43 adiaalihd 2018 s 22 e

b. C4 deficiency: C4 is encoded as two
highly polymorphic genes, C4A and C4B,
which are located in the MHC on chro-
mosome 6. Total deficiency of C4 is rare
but partial deficiency is common as part
of the HLA-B8, HLA-DR3 extended hap-
lotype that also predisposes to the devel-
opment of SLE. 50-65% of the population
carries two C4A and two C4B genes. In
the rest of the population, at least one or
more C4Aand/or C4B gene(s) are deleted
or duplicated. An individual may carry
one to eight functional C4 genes. Thesedif-
ferences in gene number are referred to

as copy number variation.

c. C2 deficiency: Homozygous, complete
deficiency of C2 occurs mainly in Cauca-
sians at a frequency of approximately 1
in 20,000. 10 to 30% of such individuals
present with an SLE-like illness. Another
presentation, especially in early childhood,
is recurrent pyogenic infections with en-
capsulated bacteria, such asStreptococ-
cus pneumoniae, Haemophilus influenza
type b, and Neisseria meningitides. Other
disease associationsinclude discoid lupus
erythematosus, polymyositis, glomerulo-
nephritis, Hodgkin lymphoma, vasculitis,
and IgAV (HSP).

d. C3 deficiency: Complete deficiency of
C3 results in severe, recurrent infections
with encapsulated bacteria that begin
shortly after birth. Patients with C3 de-
ficiency are particularly prone to infec-
tions with the pneumococcus and, less
frequently, H. influenza.Partial C3 defi-
ciency, which results in one-half the nor-
mal serum level of C3, appears to have no

clinical significance.

e. C5-C9 deficiency: A deficiency of a
component of the membrane attack com-
plex (MAC, C5-C9) is associated with in-

fection by Neisseria species. Since C8 is

encoded on three different genes, there
are differences in the type of C8 deficien-
cies (C8X in Caucasians; C8X or C8X in
Asian and African populations). In the
United States, C5, C6 deficiency is the
most common. C7 deficiency has been
reported worldwide but C9 deficiency is
almost always observed in people of Japa-
nese or Korean ancestry in whom it is in-

herited as anautosomal recessive trait.

2. Alternative pathway deficiencies: An
inherited defect in a component of the al-

ternative pathway is rare.

a. Properdin deficiency: This disorder af-
fects one-half of the males within an af-
fected family because the gene is on the
X chromosome. Neisseria meningitidis is
the most frequently implicated infection

and is oftenof an unusual subtype.

b. Factor B deficiency: a small number
of patients (<5) have been reported. the
disorder has been observed in children of
consanguineous parents, and all have de-

veloped meningococcal sepsis.

c. Factor B deficiency: The first rec-
ognized case was reported in 2013 in a
32-year-old woman, who had experienced
several serious pneumococcal and menin-
gococcal infections. One parent carried a
frame-shift mutation and the other a non-

sense mutation.

3. Lectin pathway deficiencies: include
deficiencies of Mannan-Binding Lectin-
associated protease 2 (MASP2), Ficolin-3,
and the 3MC syndrome:

a. MASP2 deficiency: due to a missense
SNP in the gene MASP2, presenting with
recurrent pyogenic infections. Initialanal-
ysis indicated that allele frequency for the
mutation is5.5% in the Caucasian popula-

tion and thus might be common.
—
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b. Ficolin-3 deficiency: a frame-shift
mutation in the FCN3 gene was found
to be associated with H-ficolin protein
deficiency. A number of SNPs have been
described for FCNs. However, the impor-
tance of ficolins in general and the genetic
variations in FCN genes in particular re-

main largely unknown.

c. 3MC syndrome: Homozygous muta-
tions in either of two genes (COLEC11
and MASP1), encoding for distinct but
related secreted proteins involved in lectin
pathway activation, can be responsible for
this developmental disorder. It features
facial dysmorphic traits (hypertelorism,
eyebrow abnormalities, cleft lip and pal-
ate, and other developmental, growth, and

cognitive impairments).
4. Abnormalities in regulatory proteins:

a. Factor H, factor I, and membrane
cofactor protein: regulate C3 and a com-
plete deficiency of either factor allows the
alternative pathway to fire to exhaustion

and thereby consume C3.
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In homozygous factor H or factor I defi-
ciency, factor B is also low, while it is nor-

mal in isolated C3 deficiency.

Heterozygous deficiency of factors H and
I predispose to atypical (nondiarrheal)
hemolytic uremic syndrome (aHUS) and
age-related macular degeneration (AMD).
Heterozygous deficiency of MCP (CD46)
also predisposes to aHUS.

b. Complement receptor 3 (CR3): an
integrin that binds inactive iC3b as well
as other noncomplement ligands, causes
recurrent and severe bacterial (Staphy-
lococcus aureus and/or Pseudomonas)
infections.This condition, known as leu-
kocyte-adhesion deficiency syndrome I

(CD11/CD18) deficiency.

c. Decay-accelerating factor and CD59
deficiency: Many proteins are tethered to
cells by a glycophosphatidylinositol(GPI)
anchor. An acquired mutation in bone
marrow stem cells of an enzyme on the X
chromosomerequired to produce this an-

chor causes a deficiency of the GPI-linked

complement regulatory proteins DAF and
CD59 onblood cells. The disease process is
knownas paroxysmal nocturnal hemoglo-

binuria.

Conclusion:

Knowledge gained from conventional
genetic deficiency of complement com-
ponents helped in the functional char-
acterization of many proteins of this im-
portant cascade system.It is clear that the
heritability of complement systemassoci-
ated diseases is not limited by homozy-
gote and/or heterozygote deficiencies of
complement components. Lesscrucial
polymorphisms of these genes have been
reported inassociation with some autoim-

mune and infectious disorders.

The clinical significance of the known and
unknown genetic variants of complement
components and their epigenetic effects,
gene-gene interactions, and gene-envi-
ronment interactions must be addressed

in the future.
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