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SUMMARY

 

Different genetic mutations have been described in complement component C7 deficiency, a molecular
defect which is clinically associated with an increased susceptibility to neisserial recurrent infections,
although some cases remain asymptomatic. In this work we report the genetic bases of C7 deficiency in
one Spanish family. Exon-specific PCR and sequencing revealed a novel point mutation at nucleotide
615 (exon 6) leading to a stop codon (UGG to UGA) in the patient, his mother, and sister. This trans-
version causes the premature truncation of the C7 protein (W183X). Additionally, we detected a mis-
sense mutation at position 1135 (exon 9) located in the first nucleotide of the codon GGG (CGG),
resulting in an amino acid change (G357R) in the patient, his father, as well as in his sister. This latter
mutation had been previously described in individuals from Moroccan Sephardic Jewish ancestry. Since
both heterozygous mutations were found in the patient as well as in his asymptomatic sister, we analyse
other meningococcal defence mechanisms such as polymorphisms of the opsonin receptors on poly-
morphonuclear cells. Results showed that the patient and his sister bore identical combinations of
Fc

 

g

 

RIIA-H/R131 and Fc

 

g

 

RIIIB-NA1/2 allotypes. Our results provide further evidence that the molec-
ular pathogenesis of C7 deficiency as well as susceptibility to meningococcal disease are heterogeneous,
since different families carry different molecular defects, although many of the C7 defects appear to be
homogeneous in individuals from certain geographical areas. The missense mutation G357R would
make an interesting topic of analysis with regard to meningococcal disease susceptibility in the Spanish
population.
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INTRODUCTION

 

Host defence against meningococci is provided by mucosal immu-
nity, as well as by serum bactericidal and phagocytic activities.
Genetically determined human deficiencies of any of the terminal
complement components are associated with increased risk to
recurrent systemic infections caused mainly by 

 

Neisseria menin-
gitidis

 

 at age 10–30 years [1,2], when it is assumed that anti-men-
ingococcal antibodies are present [3]. C7 is one of the five
terminal complement proteins that upon activation of either the
classical or the alternative pathway interact sequentially to form a
large protein-protein complex, called membrane attack complex
(MAC). Assembly of the MAC on target cells results in the for-
mation of transmembrane pores that can lead to the killing of the

cells [4]. The single polypeptide chain of C7 is composed of 821
amino acid residues and is structurally similar to the other MAC
components C6, C8

 

a

 

, C8

 

b

 

, and C9 [5,6]. The gene for C7 has been
shown to span about 80 kb of DNA, is encoded by 18 exons [6],
and is located on chromosome 5p13, as well as the genes for C6
and C9 [7]. C7 deficiency leads to the loss of lytic function of com-
plement; patients show an increased susceptibility to recurrent
meningococcal meningitis and systemic 

 

Neisseria gonorrhoeae

 

infection, though many, including siblings sharing the deficiency
may be healthy [8].

On the other hand, immunity to meningococcal disease may
also be determined by the interaction between IgG and the IgG
Fc receptor (Fc

 

g

 

R) on polymorphonuclear cells (antibody-medi-
ated phagocytosis). It has been hypothesized that particular com-
binations of Fc

 

g

 

R allotypes may determine the susceptibility to
meningococcal disease, especially in persons who lack serum bac-
tericidal activity because of deficiency of a component in the ter-
minal pathway of complement activation [9,10]. Of the three
classes of Fc

 

g

 

R that have been identified, only the Fc

 

g

 

RIIa
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(CD32) and Fc

 

g

 

RIIIb (CD16b) are constitutively expressed on
polymorphonuclear cells and mediate phagocytosis [11]. Two dif-
ferent allelic polymorphisms among the isoforms of Fc

 

g

 

R have
been defined, which affect antibody-mediated processes [9–11].
The Fc

 

g

 

RIIa occurs in two allotypic forms, designated Fc

 

g

 

RIIa-
H131, which binds human IgG2 complexes, and Fc

 

g

 

RIIa-R131,
which does not bind human IgG2 complexes [12], because of the
presence of an Arg or His at position 131 in the extracellular
domain of the receptor [13]. Neutrophils from homozygous IIa-R/
R131 donors are less effective than IIa-H/H131 neutrophils, and
heterozygous neutrophils exhibit intermediate levels of phagocy-
tosis of menigococci [14]. On the other hand, the two allotypic
Fc

 

g

 

RIIIb forms (NA1 and NA2) have the same affinity for IgG
subclasses, but phagocytosis by polymorphonuclear cells of the
NA2 allotype is consistently less effective than by cells with the
NA1 allotype [9]. The combined Fc

 

g

 

RIIa-R/R131 and Fc

 

g

 

RIIIb-
NA2/2 phenotype has been reported to be associated with men-
ingococcal disease [10].

The investigations reported here focused on the study of a C7
deficient index case and his immediate family. The deficiency was
ascertained becaused of repeated meningococcal infections. The
determination of C7 DNA sequence of the index case allowed us
to proceed to testing and confirming the mutations detected in his
family. In addition we analysed Fc

 

g

 

RIIA-H/R131 and Fc

 

g

 

RIIIB-
NA1/2 polymorphisms in all members of the family.

 

SUBJECTS AND METHODS

 

Subjects

 

A Spanish family comprising both parents, a son and daughter,
was included in this study. Informed consent was obtained from
all members of the family, according to the guidelines of the Hos-
pital Bioethic Committee. The C7 deficient index case, a 15-year-
old-boy, had been discovered because of three meningococcal
disease episodes. Total haemolytic activity (CH50) was undetect-
able in the serum of the patient and his sister. The patient’s father
and mother had total serum haemolytic activities (250 U/ml and
312 U/ml, respectively) within the normal range (200–400 U/ml).
Subsequent analysis by radial immunodiffusion assay with anti-
bodies against the main principal complement components
revealed no detectable C7 in the serum of both siblings, whereas
C7 concentrations in the serum of the father and mother were
1800 U/ml and 1200 U/ml, respectively (normal C7 concentration
in human serum is 3200 U/ml). The functional absence of this
component was confirmed by a haemolytic assay in which the
propositus’s serum was unable to recover the haemolytical activ-
ity of a previously found C7-deficient patient [15] and by the
availability of functional C7 (Cordis, Miami, FL, USA) for recov-
ering the haemolytical activity of patient’s serum to levels within
the normal range.

 

DNA preparation

 

Genomic DNA was isolated from 100 

 

m

 

l of whole peripheral
EDTA-treated blood as described previously [16]. DNA was pre-
pared by lysis of white cells with proteinase K (Amersham Phar-
macia Biotech AB, Uppsala, Sweden) (100 

 

m

 

g/ml) in 200 

 

m

 

l of a
tris buffer containing 0·5% tween 20 (Sigma, St Louis, MO, USA).

 

Polymerase chain reaction

 

Primers for exon-specific PCR for exons 1–17 of the C7 gene were
described previously [17]. Briefly, PCR was performed by using

5 

 

m

 

l of DNA, 1 

 

m

 

M

 

 of each primer, 25 

 

m

 

M

 

 dNTPs (Amersham
Pharmacia Biotech AB), 0·25 U Taq polymerase (Amersham
Pharmacia Biotech AB) and the standard buffer provided by the
supplier in a total reaction volume of 50 

 

m

 

l. Cycling conditions
were 95

 

∞

 

C 1 min for initial denaturation followed by 30 cycles of
95

 

∞

 

C 1min, 60

 

∞

 

C 1min, 72

 

∞

 

C 2min in a Perkin-Elmer Gene Amp
PCR System 2400. For each sample three separated reactions
were carried out.

 

Nucleotide sequencing

 

The PCR products were purified using sephacryl S-400 columns
(Amersham Pharmacia Biotech AB) and reamplified using the
ABI Prism dRhodamine Terminator Cycle Sequencing Ready
Reaction Kit (Applied Biosystems, Foster City, CA, USA), using
the following conditions: for each reaction we added 5 

 

m

 

l of PCR
product, 4 

 

m

 

l of Terminator Ready Reaction Mix and 3 pmol of
primer. The cycle sequencing was performed on a Perkin-Elmer
Gene Amp PCR System 2400 (Perkin-Elmer, Norwalk, CT, USA)
at the following cycling conditions: 94

 

∞

 

C 3min for initial denatur-
ation, followed by 25 cycles of 96

 

∞

 

C 10 s, 50

 

∞

 

C 5 s, 60

 

∞

 

C 4min. The
extension products were purified by ethanol/sodium acetate pre-
cipitation procedure to remove excess dye terminators. Each sam-
ple pellet was resuspended in 12·5 

 

m

 

l of Template Supression
Reagent and heated at 95

 

∞

 

C for 3 min to denature. The electro-
phoresis was carried out on the ABI Prism 310 sequencer
following manufacturer’s instructions. For each sample three
independent reactions were carried out. Computer analysis of
DNA sequences was performed using the University of Wisconsin
Genetics Computer Group Sequence Analysis Software Package
[18].

 

Detection of Fc

 

g

 

R polymorphisms

 

Genotyping of Fc

 

g

 

RIIa-H/R131 and Fc

 

g

 

RIIIb-NA1/2 was per-
formed using allele-specific PCR with previously described prim-
ers [19,20]. For each sample two separated reactions were carried
out. In the case of Fc

 

g

 

RIIA-H/R131, the reaction was performed
using 10x PCR buffer (10 m

 

M

 

 Tris-HCl pH 9·0, 2·0 m

 

M

 

 MgCl

 

2

 

,
50 m

 

M

 

 KCl), 200 

 

m

 

M

 

 dNTPs (Pharmacia), 5% of glycerol, 100 

 

m

 

g/
ml of cresol red, 5 pmoles of each primer, 0·5 

 

m

 

l of DNA, 0·5 U of
Taq polymerase (Pharmacia) and ddH

 

2

 

O to a final volume of
10 

 

m

 

l. In the case of Fc

 

g

 

RIIIB-NA1/2 PCR was performed using
10x PCR buffer, 200 

 

m

 

M

 

 dNTPs, 5 pmoles of each primer, 0·5 

 

m

 

l of
DNA, 0·5 U of Taq polymerase and ddH

 

2

 

O to a final volume of
10 

 

m

 

l.
The following thermal profiles were run: In the case of

Fc

 

g

 

RIIA-H/R131, 5 min at 95

 

∞

 

C for initial denaturalization, fol-
lowed by 10 cycles of 95

 

∞

 

C 30 s, 50

 

∞

 

C 30 s and 72

 

∞

 

C 30 s followed
by 20 cycles of 95

 

∞

 

C 30 s, 44

 

∞

 

C 30 s and 72

 

∞

 

C 30 s. PCR products
were resolved in 2% agarose gels stained with ethidium bromide.
Samples showing the expected 253 bp fragment in only one tube
were genotyped as homozygous (H131 or R131), whereas sam-
ples showing amplification in both tubes were genotyped as het-
erozygous (H/R131). Finally, in the case of Fc

 

g

 

RIIIB-NA1/2, 30
cycles consisting of 94

 

∞

 

C 1 min, 54

 

∞

 

C 1 min and 72

 

∞

 

C 1 min were
run. After a final extension of 10 min 72

 

∞

 

C, samples were resolved
in 2% agarose gels stained with ethidium bromide after dilution in
blue juice buffer. Samples showing the expected band of 118 bp in
tube containing NA1 and the expected band of 169 bp in the tube
containing NA2 primers were typed as heterozygous NA1/2,
whereas samples showing a band only in one of the tubes were
typed as homozygous.
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RESULTS

 

Detection of C7 gene mutations and markers

 

 Genomic DNA was isolated from peripheral blood drawn from
the C7 deficient patient. Sequence analysis of exons 1–17 revealed
a novel point mutation at cDNA nucleotide 615 (exon 6); there
was an A instead of G (Fig. 1a). Nucleotide 615 is the third nucle-
otide of the codon UGG for Trp183 of normal C7. The G to A
transversion generates a termination codon, UGA, which leads to
the premature truncation of the encoded C7 protein (W183X).
We also found in the patient a previously described missense
mutation at cDNA nucleotide 1135 located in exon 9 [21]. This
position is the first nucleotide of the codon GGG for Gly357 of
normal C7 (Fig. 1b). The C to G transversion results in the change
of Gly for Arg (G357R) This mutation had been detected in C7
deficient individuals of Moroccan Sephardic Jewish ancestry.
Sequencing of PCR-amplified exons 6 and 9 derived from
genomic DNA of the family of the patient revealed the presence
of these two mutations in his sister, indicating that both siblings
were heterozygous for the same abnormalities, whereas his father
was heterozygous for the missense mutation G357R, and his
mother heterozygous for the nonsense mutation W183X (see
again Fig. 1a,b).

The sequenced PCR products were examined to detect C7
DNA markers in our family. A total of 3 polymorphisms in the C7
gene exons were investigated in order to ascribe a particular
DNA marker haplotype to the defective condition, to construct a
family tree, as well as to compare them with described haplotypes
associated to complement component C7 deficiencies (Fig. 2).
Results showed that the proband and his sister inherited from
their father the haplotype CMA, corresponding to the G/C poly-
morphism at position 367 leading to the S/T substitution [21], the
base change (A to C) responsible for the M/N protein polymor-
phism (P565T) [22], and the adjacent A/T point substitution
resulting in the T576S polymorphism [23], respectively. This com-
bination is different from the Moroccan Sephardic Jewish G357R
mutation-associated C7 deficient haplotype CNA [24]. The C7
DNA markers (GMT) were inherited with the new mutation
found in the mother (see again Fig. 2) and, as expected, they had
not been described previously in association with C7 deficiency
[8,17,23–25].

 

Fc

 

g

 

R polymorphisms

 

We next evaluated the distribution of Fc

 

g

 

RIIA-H/R131 and
Fc

 

g

 

RIIIB-NA1/2 polymorphisms in the four members of the fam-
ily under study. Figure 2 shows the combined Fc

 

g

 

RIIA and Fc

 

g

 

RI-
IIB phenotypes observed. Both siblings exhibited identical
phenotypes, being heterozygous for Fc

 

g

 

RIIA-H/R131, the allelic
combination responsible of intermediate levels of meningococcal
phagocytosis, and homozygous for Fc

 

g

 

RIIIB-NA2/2, the less
effective allele reported for phagocytic activity.

 

DISCUSSION

 

In the present study, we report a novel mutation of the gene in a
Spanish family with C7 deficiency, in heterozygosity with a muta-
tion that had been described previously in a number of Israelis of
Moroccan Sephardic Jewish ancestry. To date, 14 different molec-
ular defects leading to total or subtotal C7 deficiency defects had
been reported [26–28]. All of these mutations, including our
newly discovered mutation, are summarized in Fig. 3.

By using exon-specific PCR amplification followed by direct
sequencing of the target exons, two different molecular defects
were identified in the C7 gene of the patient. The G to A trans-
version in exon 6 generates a termination codon (TGA). If trans-
lated, the mutant C7 would lack the carboxy-terminal 636 amino
acid residues, which represent approximately 77·7% of the molec-
ular size of the polypeptide. As this truncated part contains
domains that are important for C7 functionality, this heavily trun-
cated C7 (its molecular size is only 12·3% of normal C7) is prob-
ably not able to participate in the formation of MAC even if
secreted. In this way, it has been reported that deletions in exons
6 and 7 (as well as other mutations located downstream) [8,30]
lead to a complete loss of complement lytic function. For these
reasons, it seems that null or defective secretion of those severely
affected mutant proteins are responsible for the absent functional
activity observed. In contrast, Würzner 

 

et al

 

. [31] reported a
defect in the similar molecule C6 leading to a carboxy-terminally
truncated molecule with a molecular size that is 86·5% of normal
C6, that allowed secretion of functionally active C6. Family study
demonstrated that patient’s mother as well as his sister carried
one C7 allele with the identical mutation.

Another mutation was found in the patient under study, the C
to G transversion in exon 9 leading to G357R. Family study dem-
onstrated that patient’s father as well as his sister carry one C7
allele with the identical mutation. As stated above, this missense
mutation had been previously found in C7 deficient individuals
from the Moroccan Sephardic Israeli population [8]. This change
involves the substitution of an Arg for a Gly residue; this replace-
ment would profoundly alter the tertiary structure of the protein,
since it implies the replacement of a small nonpolar residue for a
large basic one which could result in a turn of the polypeptide
backbone. Fernie 

 

et al

 

. [8] hypothesized that folding of the C7
gene product could be so disrupted that the functional conse-
quences could also lead to the failure of protein secretion. On the
other hand, the sensitivity of the RID method used in this study to
measure C7 cannot exclude the possibility that low levels of C7
were present in the serum of the patient and his sister. However,
no haemolytically active C7 was detected in either case. Addition-
ally, the presence of any low levels of C7 produced by the genes
carrying the defects could be masked due to consumption by cir-
culating C5b6 [26,28]. Although our case appears to have had
total C7 deficiency, the occurrence of subtotal C7 deficiency can-
not completely being excluded. In this way, a very special case
showing a phenotypically complete C7 deficient features was
reported [32,33]; the patient was able transiently to produce func-
tional C7, showing an unique feature among C7 deficiencies.

The Sephardi Jews, who were descendants of Jews whose
ancestors lived in Spain (Sephardic means ‘from Sepharad’, which
is Hebrew for ‘Spain’), were thrown out of Spain in 1492. After
the expulsion edict they left and settled mainly in North Africa,
the Balkans and Eastern Mediterranean countries, whereas those
who stayed in Spain were forced to convert to Christianity [34].
The finding of the G357R mutation in a population closely related
to Moroccan Israeli Jews, support the notion that this replace-
ment can be responsible for the C7 deficiency observed in this
population, suggesting the existence of a founder effect. Pub-
lished data indicate that this mutation has not been found else-
where, indicating that it is not present in sporadic cases of C7
deficiency occurring at widespread locations. In this way, the
availability of the large-scale screening method based on the
simplified PCR technique using site-directed mutagenesis and
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Fig. 1.

 

Definition of the mutations in (a) exon 6 and (b) exon 9. Partial DNA sequence of genomic DNA of the patient and his parents
and sister. The normal and defective DNA sequences as well as the deduced amino acid sequences are given.

R=G or A

Exon 6

Son

C7 EXON 6 NORMAL SEQUENCE

.... TAT GAA TTT TAC AAT AGT ACT TGG TCT TAT GTA AAA CAT ACG TCG.....

Y    E  F      Y    N S      T   W S   Y     V   K  H      T    S 

MUTANT SEQUENCE

.....TAT GAA TTT TAC AAT AGT ACT TGA TCT TAT GTA AAA CAT ACG TCG.....

Y      E       F     Y    N    S      T   X

Daughter Father
ACTTGRTCTTA ACTTGRTCTTAACTTGGTCTTA

G615A   W183Z

ACTTGRTCTTA

Mother

Exon 9

TCAGTSGGGGA TCAGTGGGGGATCAGTSGGGGATCAGTSGGGGA

S=G or C

C7 EXON 9 NORMAL SEQUENCE

....CGA GGA GAA CCG TTC ATC AGA GGG GGA GGT GCA GGC TTC ATA TCT.....

R      G    E  P   F     I       R   G G    G      A      G    F   I     S

MUTANT SEQUENCE

....CGA GGA GAA CCG TTC ATC AGA CGG GGA GGT GCA GGC TTC ATA TCT....

R    G     E   P   F    I    R  R G     G      A    G        F   I      S

G1135C    G357R

Son Daughter Father Mother

(b)

(a)
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Fig. 2.

 

Pedigree of the C7 deficient family. The data on C7 gene markers, C7 gene defects, as well as Fc

 

g

 

RIIA-H/R131 and Fc

 

g

 

RIIIB-NA1/
2 polymorphisms are presented as vertical haplotypes.

 

Fig. 3.

 

Schematic diagram of the molecular structure of normal C7 (adapted from [6]) and the position of mutations described to date
(numbered from 1 to 14), and the novel mutation found in our Spanish family (15). Mutations described previously: 1, G 

 

>

 

 A transition at 3

 

¢

 

acceptor site of intron 1 [8]; 2, R198Q [24]; 3, deletion of around 6·8 kbp including exons 7 and 8 [8–25]; 4, a G 

 

>

 

 A transversion at 5

 

¢

 

 splice
donor site of intron 7 [24,26]; 5, G357R [8]; 6, R499S [28]; 7, 1929delC [24]; 8, E631X [27]; 9, E660Q [24]; 10, R665H [24]; 11, 2137delTG or
2138delGT/2139delTG [17]; 12, C728X [17]; 13, 2350delG [24]; 14, T 

 

>

 

 C transversion at splice donor site of intron 16 [24,26]; 15, W183X
(present case). Modules are designated according to the recommendations of a workshop [29], as follows: T1, thrombospondin, type 1; LA,
LDL receptor, type A; EG, epidermal growth factor-like; CP, complement control protein; and FM, complement factor I, MAC proteins.
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designer primers specific for either the wild-type or the mutant
allele, developed by Halle 

 

et al

 

. [35], makes feasible the investi-
gation of this defect among large cohorts of individuals ethnically
related with Sephardic Israeli Jews.

Skewed Fc

 

g

 

R distributions have been observed in survivors of
meningococcal disease, indicating a role for Fc

 

g

 

RIIA-H/R131 and
possibly for Fc

 

gRIIIB-NA1/2 genotypes as genetic markers for
susceptibility to meningococcal disease [10,36,37]. In this work,
we could not find any difference between the patient and his
asymptomatic sister with respect to the distribution of their
FcgRIIA-H/R131 as well as FcgRIIIB-NA1/2 alleles. Although it
is not possible to drawn conclusions from this study, since C7 defi-
ciency is not incompatible with apparent normal health [8], it is
interesting to point out that in a recent study van der Pool et al.
[38] found that the R/R131-NA2/2 genotypic combination failed
to reach statistical significance in association with meningococcal
disease. These authors suggest that the genetic heterogeneity on
the long arm of chromosome 1, which is enriched with immune
modulating genes [39], including pentraxin, selectin genes and
several complement regulatory proteins, may provide important
information with respect to host defense against meningococci.

The results obtained in this study detected a novel point muta-
tion leading to an early truncation of the C7 protein product, sup-
porting the notion that the molecular bases for complement
component C7 deficiency are heterogeneous, since different fam-
ilies carry distinct molecular defects. On the other hand, some
defects appear to be homogeneous for individuals living in
defined geographical areas [23,25,35]. Finally, we suggest that the
G357R mutation could be an interesting topic for analysis due to
the relationship between Sephardic Jews and Spaniards.
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