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M Abstract

Hereditary complete deficiency of complement component C1q is associated with a high prevalence of systemic lupus erythematosus
and increased susceptibility to severe recurrent infections. An 11-year-old girl was screened for immunodeficiency due to a history of
recurrent meningitis and pneumonia. Immunologic studies revealed absence of classic pathway hemolytic activity and undetectable levels
of C1qg. Exon-specific amplification of genomic DNA by polymerase chain reaction followed by direct sequence analysis revealed a novel
homozygous missense mutation at codon 48 in the C1q C gene causing a glycine-to-arginine substitution affecting the collagen-like
region of C1q. No changes were seen in the exons of the A and B chains. The mutation affected both the formation and the secretion of
C1q variant molecules. We describe a novel mutation in the C1q C chain gene that leads to an interchange in amino acids resulting in
absence of C1q in serum.

M Resumen

La deficiencia completa hereditaria del componente C1q del complemento esta asociada a una alta prevalencia de lupus eritematoso
sistémico y a un aumento de la sensibilidad a infecciones recurrentes graves. Una nifia de 11 afios de edad fue sometida a pruebas de
inmunodeficiencia debido a su historial de meningitis y neumonia recurrentes. Los estudios inmunolégicos revelaron la ausencia de actividad
hemolitica de la via clésica y niveles inapreciables de C1q. La amplificacion especifica del exon del ADN genémico mediante reaccion en
cadena de la polimerasa seguida de un analisis directo de secuencias revelaron una nueva mutacion de sentido equivocado homocigética
en el coddn 48 del gen de la cadena C C1q. Esta mutacion era la causante de una sustitucion de glicina por arginina en la region tipo
colageno de C1g. No se observaron cambios en los exones de las cadenas A y B. La mutacion afect6 a la formacion y la secrecion de
moléculas variantes de C1q. En este estudio se describe una nueva mutacion en las cadenas C C1q cuya consecuencia es un intercambio
de aminoacidos que provoca la ausencia de C1q en el suero.
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Introduction

Clq is a subcomponent of C1, the first component of
complement. It is composed of 3 distinct subunits—C1q,
C1r, and Cls—which are present in a molecular ratio of
1:2:2. C1 triggers the classic pathway of complement
activation by binding to antigen-antibody complexes or to
microbial ligands. Several other functions have been assigned

© 2010 Esmon Publicidad

to Clq, including clearance of immune complexes and apoptotic
cell debris[1] and modulation of cytokine expression [2].
Hereditary deficiency of the complement subcomponent
C1qis associated with a high prevalence of systemic lupus
erythematosus (SLE) and increased susceptibility to severe
recurrent infections [3]. In this report, we describe a C1g-
deficient patient from a Turkish family that was homozygous
for a previously unreported mutation in the C1q C chain gene.

J Investig Allergol Clin Immunol 2010; Vol. 20(3): 255-258



256 N Gulez, et a

Case Description

Theindex case was an 11-year-old girl who was admitted
with fever and loss of consciousness. Her medical history
included bacterial meningitis at the age of 8 and pneumonia
at the age of 10. Neither the parents nor the 5 siblings had
a history of increased susceptibility to pyogenic infections.
The parents were first-degree cousins.

Meningitis caused by Streptococcus pneumoniae was
diagnosed by examination of cerebrospinal fluid. Vancomycin
combined with ceftriaxone was administered. The patient had
been vaccinated against meningococci, pneumococci, and
Haemophilus influenzae type B, and penicillin prophylaxis
was administered. Her antinuclear antibody and rheumatoid
factor titers were negative after repeated investigations.
During a 5-year follow-up, she was asymptomatic for
autoimmune diseases and infections.

Immunologic studies performed when the patient had
recovered revealed normal immunoglobulin (I1g) levels.
Alternative pathway-dependent hemolytic complement
activity was normal, although no classic pathway activity
was detected using the hemolysis in gel (HIG) assay [4].
Levels of complement proteins C2, C3, and C4 were within
normal ranges (C2, 115% of normal concentration [reference
range, 77%-159%)]; C3, 1.04 g/L [referencerange, 0.77-1.38
g/L]; and C4, 0.20 g/L [reference range, 0.12-0.33 g/L]).
The serum concentration of C1q was below the detection
limit when measured by electroimmunoassay (<6% of
normal concentration; reference range, 78%-131%). These
findings led to the diagnosis of Clq deficiency. The parents
and 5 siblings, who were well and had no history to suggest
increased susceptibility to infection, al had normal classic
and aternative pathway-dependent hemolytic function, as
well as normal C3 and C4 concentrations. However, in 4 of
the siblings the serum concentrations of C1q were below the
normal range (Table).

To reveal the putative genetic defect, the C1q genes
from all 8 family members were sequenced. Genomic DNA
was amplified using polymerase chain reaction (PCR) and
sequenced in both directions using the Big Dye Terminator
sequencing kit 3.1 (PE Applied Biosystems, Foster City,
Cadlifornia, USA) and analyzed on an ABI prism 3100 genetic
analyzer with the DNA Sequencing Analysis softwareversion
3.4 (Applied Biosystems). Sequences were aligned and
compared with GenBank sequence AL 158086 using Bioedit
SequenceAlignment Editor version 7.0.1 (http://www.mbio.
ncsu.edu/BioEdit/bioedit.html).

Sequencing of the C1q genesin the index case revealed
a novel homozygous missense mutation at codon 48 that
changed codon GGA to AGA and caused aglycine-to-arginine
exchange in the part of the C1lg C chain belonging to the
collagen-like region of the C1q molecule. The mutation was
reported to the National Center for Biotechnology I nformation
single-nucleotide polymorphism database (rs35049192). The
patient was also homozygous for the common T alele of the
silent CCT/CCC mutation in proline at position 14 of the
C chain, as investigated by Petry and Loos [5], while no
base changes were observed in the A and B chains compared
with the reference. Four siblings and both parents were
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Table. Concentration of Complement Proteins and Complement Function
in the Family Members

Clg,%d
CcP AP C3 gL CagL 30
Index case 0 N 1.04 0.20 <0.1
Brother 1 N N 1.49 0.26 49
Brother 2 N N 1.30 0.19 53
Brother 3 N N 1.48 0.29 52
Brother 4 N N 1.44 0.27 109
Brother 5 N N 1.15 0.23 77
Father N N 1.37 0.31 86
Mother N N 1.15 0.20 86

Abbreviations: AP, alternative pathway hemolytic complement activity;
CP, classic pathway hemolytic complement activity.

#Qualitative functional assay by hemolysis in gel.

®Measured by electroimmunoassay and, in the index case, also by enzyme-
linked immunosorbent assay.
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Figure. Pedigree showing the presence of a novel missense mutation at
codon 48 in the C1q C chain gene (codon GGA to AGA). The mutation
causes a glycine-to-arginine exchange in a position of the C1q C chain
located in the collagen-like region of the C1q molecule. The index case
(filled circle) was homozygous for this mutation.

heterozygous for the glycine-to-arginine mutation, while 1
sibling (brother 4) was homozygous for the wild-type allele
(Figure). The affected glycine residue is conserved between
the human C1g A, B, and C chains[6].

Since the mutation gave rise to an exchange in amino
acids, a variant C1q C chain could have been synthesized.
A sensitive enzyme-linked immunosorbent assay (ELISA)
for Clq was therefore developed. F(ab”)2 fragments of in-
house rabbit antihuman C1q at a concentration of 20 ug/mL
in phosphate-buffered saline (PBS; pH 7.2) were adsorbed
at a volume of 100 uL/well on Microtiter plates (Nunc
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Maxisorp A/S, Nunc, Denmark) and incubated overnight at
4°C. The plates were then washed 3 timesin the same buffer
before incubation with samples serialy diluted in PBS (pH 7.2)
containing 0.05% Tween 20 (PBS-T) with 0.85 M NaCl
and 1 mM EDTA. Volumes of 100 uL per well were added
in duplicate to coated wells and to 1 uncoated control well.
After incubation at room temperature for 2 hours, the wells
were washed 3 times with PBS-T. Alkaline phosphatase—
conjugated F(ab")2 fragments of rabbit antihuman C1qwere
added (100 uL/well) and appropriately diluted in PBS-T
with 0.85 M NaCl and 1 mM EDTA. After incubation
for 1 hour at room temperature, the plates were washed 3
times with PBS-T and developed with 100 uL disodium-p-
nitropheny! phosphate (Sigma, St Louis, Missouri, USA)
1 mg/mL dissolved in 10% (w/v) diethanolamine (pH 9.8)
containing 50 mM MgCI,. Absorbance was measured at
405 nm, and values were calculated using duplicate wells
with the absorbance of the control well subtracted. The Clqg
concentration was calculated from titration curves obtained
with anormal serum pool. With thisELISA, the serum from
the patient contained <0.1% of normal.

Discussion

A consistent clinical feature of hereditary C1q deficiency
is increased susceptibility to infections with pyogenic
organisms, thus reflecting an inability to activate the classic
pathway and efficiently opsonize bacteria[7,8]. In the present
case, selective C1q deficiency was associated with recurrent
meningitis and pneumonia.

Deficiencies of all the classic pathway complement
components are associated with SLE [9], although the
strongest association is seen with Clg. Of the 41 Clg-
deficient patients described in the literature up to the year
2000, 38 presented with SLE or SLE-like symptoms[10,11].
The basis for this predisposition is believed to be the result
of defective immune complex clearance and/or deficient
regul ation of apoptosis[12], both of which eventsare at least
partly dependent on C1q. Increased deposition of immune
complexes and apoptotic material could promotetheinitiation
of alocal inflammatory response in C1g-deficient patients
[3,10,13,14]. Other suggested explanationsfor theincreased
risk of development of SLE in C1q deficiency include
impaired tolerance and aberrations in cytokine regulation
[9]. However, the index case was negative for antinuclear
antibody and rheumatoid factor, and at 5 years of follow-up
she reveal ed no autoimmune symptoms.

C1q is composed of 3 polypeptide chains—A, B, and
C—which are al products of the corresponding individual
genes clustered in a 24-kb stretch of DNA on human
chromosome 1 [15]. Mutations have been identified in
each of the 3 chains. Single base mutations leading to a
termination codon, a frame shift, or an amino acid residue
exchange were thought to be responsible for these defects.
In patients in whom stop codons occur in any of the 3 genes,
no C1q protein can be detected in serum. In patients in
whom the point mutation leads to an amino acid exchange,
dysfunctional low-molecular-weight forms of Clg can be

© 2010 Esmon Publicidad

identified [5,7,8,16-18]. Recently, Petry and L oosreported the
presence of silent mutations (C1q A exon 2 Gly70 and Clq
C exon 1 Prol4) in Clqg genes from families with different
types of known hereditary C1q deficiencies[5].

A point mutation in the codon for glutamine at position
186 of the A chain that led to a termination codon was first
identified in members of a Gypsy family from the Slovak
Republic by Petry et al [19]. The same mutation is common
among Clg-deficient patients from the Mediterranean area
and has been found in all previously reported cases of Clq
deficiency from Turkey [10,11,16,18]. In our patient, exon-
specific amplification of genomic DNA by PCR followed
by direct sequence analysis showed a novel homozygous
mi ssense mutati on causing a glycine-to-arginine exchange at
codon 48 inthe C1q C chain. Thisreplacement of glycinein
the collagen amino acid triplet probably prevents formation
of the normal Clg molecule structure and explains the
absence of secreted C1q. Four siblings and both parentswere
heterozygous for this previously undescribed mutation, and
1 sibling was homozygousfor the normal C gene. No changes
were observed intheA and B chains. No trace amounts of C1q
could be detected in serum using a sensitive method. Thus,
the mutation affected either the formation of intracellular
C1q variant molecules or completely inhibited secretion of
any formed Clg. This mutation represents the same class
of C1g mutations previously reported in an Inuit family by
Marquart et al [20], where missense mutations cause alack of
detectable C1qantigenin serum. In conclusion, we describea
child suffering from severeinfections due to C1q deficiency
caused by homozygous presence of apreviously unreported
C1q C chain mutation.

References

1. Lu JH, Teh BK, Wang L, Wang YN, Tan YS, Lai MC, Reid KB. The
classical and regulatory functions of C1lq in immunity and
autoimmunity. Cell Mol Immunol. 2008;5:9-21.

2. Fraser DA, Bohlson SS, Jasinskiene N, Rawal N, Palmarini G,
Ruiz S, Rochford R, Tenner AJ. C1q and MBL, components of the
innate immune system, influence monocyte cytokine expression.
J Leukoc Biol. 2006;80:107-16.

3. Walport MJ, Davies KA, Botto M. Clq and systemic lupus
erythematosus. Immunobiology. 1998;199:265-85.

4. Sjoholm AG, Truedsson L, Jensenius JC. Complement pathways
and meningococcal disease. Diagnostic aspects. In: Pollard
AJ, Maiden MCJ, eds. Methods in Molecular Medicine, vol 67.
Meningococcal Disease: Methods and Protocols. Humana Press
Inc., Totowa, NJ, USA, 2001:529-47.

5. Petry F, Loos M. Common silent mutations in all types of
hereditary complement C1q deficiencies. Immunogenetics.
2005;57:566-71.

6. Sellar GC, Blake DJ, Reid KB. Characterization and organization
of the genes encoding the A-, B- and C-chains of human
complement subcomponent C1q. The complete derived amino
acid sequence of human C1q. Biochem J. 1991;274:481-90.

7. Petry F Hauptmann G, Goetz C, Grosshans E, Loos M.
Molecular basis of a new type of C1q deficiency associated
with a non-functional low molecular weight (LMW) C1q:

J Investig Allergol Clin Immunol 2010; Vol. 20(3): 255-258



258

N Gulez, et a

10.

11.

12.

13.

14.

15.

16.

parallels and differences to other known genetic C1qg-defects.
Immunopharmacology. 1997;38:189-201.

. Kirschfink M, Petry F, Khirdwadkar K, Wigand R, Kaltwasser JP, Loos

M. Complete functional C1q deficiency associated with systemic
erythematosus (SLE). Clin Exp Immunol. 1993;94:267-72.

. Truedsson L, Bengtsson AA, Sturfelt G. Complement deficiencies and

systemic lupus erythematosus. Autoimmunity. 2007;40:560-6.
Berkel Al, Birben E, Oner C, Oner R, Loos M, Petry F. Molecular
genetic and epidemiologic studies on selective complete C1q
deficiency in Turkey. Inmunobiology. 2000;201:347-55.
Topaloglu R, Bakkaloglu A, Slingsby JH, Aydintug O, Besbas
N, Saatci U, Walport MJ. Survey of Turkish systemic lupus
erythematosus patients for a particular mutation of Clq
deficiency. Clin Exp Rheumatol. 2000;18:75-7.

Korb LC, Ahearn JM. Cl1q binds directly and specifically to
surface blebs of apoptotic human keratinocytes: complement
deficiency and systemic lupus erythematosus revisited. J
Immunol. 1997;158:4525-815.

Botto M, Walport MJ. Clqg, autoimmunity and apoptosis.
Immunobiology. 2002;205:395-406.

Mitchell DA, Pickering MC, Warren J, Fossati-Jimack L, Cortes-
Hernandez J, Cook HT, Botto M, Walport MJ. C1q deficiency and
autoimmunity: the effects of genetic background on disease
expression. J Immunol. 2002;168:2538-43.

Sellar GC, Cockburn D, Reid KBM. Localization of the gene cluster
encoding A, B, and C chains of human C1q to 1p34.1 — 1p36.3.
Immunogenetics. 1992;35:214-6.

Petry F, Berkel Al, Loos M. Multiple identification of a particular
type of hereditary C1q deficiency in the Turkish population:
review of the cases and additional genetic and functional
analyses. Hum Genet. 1997;100:51-6.

J Investig Allergol Clin Immunol 2010; Vol. 20(3): 255-258

17.

18.

19.

20.

Petry F Molecular basis of hereditary Clq deficiency.
Immunobiology. 1998;199:286-94.

Slingsby JH, Norsworthy P, Pearce G, Vaishnaw AG, Issler H,
Morley BJ, Walport MJ. Homozygous hereditary C1q deficiency
and systemic lupus erythematosus. A new family and the
molecular basis of C1q deficiency in three families. Arthritis
Rheum. 1996;39:663-70.

Petry F, Le DT, Kirschfink M, Loos M. Non-sense and missense
mutationsinthe structural genes of complement component C1q
A and C chains are linked with two different types of complete
selective C1q deficiencies. J Immunol. 1995;155:4734-8.
Marquart HV, Schejbel L, Sjoholm A, Martensson U, Nielsen S,
Koch A, Svejgaard A, Garred P. C1q deficiency in an Inuit family:
identification of a new class of C1q disease-causing mutations.
Clin Immunol. 2007;124:33-40.

I Manuscript received May 12, 2009; accepted for

publication August 27, 2009.

I Ferah Genel, MD

Yali cad. No: 17 Daire: 9
35600 Karsiyaka-1ZMIR
Turkey

E-mail: ferahgen@yahoo.com

© 2010 Esmon Publicidad



