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Abstract

Properdin deficiency is a rare immunological disorder inherited as an X-chromosomal recessive
trait. Properdin deficiency poses a significant risk for severe meningococcal infections. About 20
mutations have been reported to underlie properdin deficiency. Here we report a large Finnish
family with a novel mutation in the properdin gene (CFP). Based on the total absence of properdin
activity in a 14-year-old male patient with an infection resembling meningococcal bacteraemia the
coding region and splice sites of the gene were sequenced. The mutation is located in exon 9 and
changes guanine to adenine at nucleotide 1164 (c.1164G>A) that causes tryptophan to change to a
premature stop-codon (W388X). The mother of the patient was shown to be a carrier of the
mutation. In total, the mutation was identified in six females and three young males in the family.
The mutation must be inherited from the grandfather who had died of an unknown infectious
disease. This is the first mutation of the properdin gene identified in Finland.

Introduction

The complement system is an important part of human innate immunity comprising
altogether approximately 40 proteins in blood and on cell membranes., Complement has a
significant role in protecting the body against bacterial infections, in removing debris after
tissue injury and in acting as a link between innate and acquired immunity. The complement
system contains three pathways (classical, alternative and lectin) that all produce the C3
convertase enzyme that participates in reactions destroying foreign cells. The alternative
pathway C3 convertase enzyme is stabilised by the positive regulator, properdin, that is
formed by 442 amino acids [1, 2].

Properdin deficiency was described for the first time in 1982 in three brothers in Sweden
[3]. Since then three types of properdin deficiency have been found. Type I deficiency is the
most common with no properdin activity, in type 1l properdin concentration is diminished
but it is functionally active and in type 111 there is normal amount of properdin but it is
functionally inactive. The properdin gene is located at Xp11.23-p11.3 [4] and contains 10
exons, of which 2-10 are translated. Properdin deficiency is inherited as an X-chromosomal
recessive trait. If the mother is a carrier of a mutation her sons have a 50% risk to inherit the
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mutation and the daughter have a 50% risk to be carriers. All daughters of a male carrier are
also carriers of the mutation. About twenty different mutations have been reported in CFP
[5-11]. About 18% of the relatives with properdin type | deficiency suffer from
meningococcal infections, usually at school age [1, 2, 8].

Index patient—Index patient (Figure 1; IV/1) was a previously healthy male, aged 14
years. He was suspected to have meningococcal infection based on fever, petecchiae and
ecchymoses in the upper and lower extremities. Preceding hospital care the patient had
vomiting, loose stools and worsening arthralgia on his wrists and ankles. Laboratory
investigations revealed leucocytosis (20.3x10%1) and increased C- reactive protein level
(348.7 mg/l). Activated partial thromboplastin time and the level of fibrinogen degradation
products were slightly increased on admission (48 sec, 0.5 mg/l, respectively) but they
rapidly normalized when antibiotic treatment was started. The patient’s thrombocyte count
and prothrombin time were normal.

The clinical picture seemed to indicate meningococcal infection and i.v. penicillin was
started. The blood cultures remained negative. Because the clinical picture was compatible
with meningococcal infection, the patient and his family members received prophylactic
antibiotics. Immunological studies showed normal immunoglobulin and tetanus antibody
levels. The level of the C3 complement protein was 1.12 g/l (reference values 0.5-1.12 g/l)
and C4 0.08 g/1 (reference values 0.12-0.42 g/I). The functional activity of the classical
pathway was normal but the functional activities of the alternative and lectin pathway were
undetectable (Wielisa®, Wieslab, Lund, Sweden).. No properdin protein could be detected
by Western blot analysis. Sequencing of the coding region and splice sites of the properdin
gene resulted in the identification of a mutation in exon 9 at codon 388, where tryptophan
was changed to a premature stop codon (W388X). The mutation had been inherited from his
mother (Figure 1; 111/2). Primers are available from the authors on request.

The patient was immunised with a quadrivalent polysaccharide meningococcal vaccine
(Mencevax ACWY Novum?) and his meningococcal antibody levels were measured before
and after vaccination (MenY 14.2-18.2 ug/ml, MenW135 0.4-6.9 ug/ml, MenC 0.6-111.5
ug/ml, MenA 1.3-9.7 ug/ml). The patient had good antibody levels against all serotypes
after vaccination and against serotype Y already before vaccination. The patient was given
amoxicillin for home as pre-emptive therapy for fever.

The healthy brother of the index patient (IV/2 in Figure 1), aged 12 years, lacked functional
activity of the alternative pathway. However, the activity of his lectin pathway was normal.
He turned out to have inherited the same mutation from his mother. The mutation was
excluded from the DNA of the grandmother. Thus, the mutation was inherited from the
grandfather who had died of an unknown infectious disease. Further analyses of the family
confirmed that it is not a de novo mutation.

The brother was also immunised with quadrivalent polysaccharide meningococcal vaccine
and showed good antibody response after immunisation (MenY 0.3-46.9 ug/ml, MenW135
0.2-4.2 ug/ml, MenC 0.3-96.4 ug/ml, MenA 2.5-37.2 ug/ml). He has amoxicillin at home to
be used in case of fever.

In further analyses of the family both sisters of the carrier mother (111/2) and two female
cousins (111/20 and 111/21) were found to be mutation carriers. The carriership of the 1\V/17
female has not been studied due to her young age. One female cousin (1\V//5) and her
newborn son (V/1) were also found to carry the mutation. One paternal uncle (11/7) and aunt
(11/3) did not have the mutation. To our knowledge, this family is the first family where CFP
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mutation has been characterised in Finland. All the family members that could be contacted
were analysed.

Neisseria meningitidis is a rare but severe cause of fulminant sepsis and meningitis.
Properdin deficiency and low levels or dysfunction of the terminal components of
complement have been associated with increased risk of meningococcal infection.[12]
However, most patients with meningococcal infection have a normal immune system and
complement deficiency rarely predisposes to the infection. An immune deficiency is more
likely if the family has a history of meningococcal infections or the causative meningococcal
serotype is W-135, X, Y or Z, which rarely cause infections in healthy individuals [8, 13].
The causative pathogen of the index patient of the study could not be cultured. However,
since antibodies against serotype Y were elevated already before vaccination, this serotype,
which only occasionally causes infections in healthy individuals, was the most likely cause.
Since properdin deficiency is extremely rare and many of the deficiencies probably are
undiagnosed, it is very difficult to describe typical features of meningococcal infection in
these patients. Another important feature, which should raise suspicion of properdin
deficiency, is the age of the patient. The risk of meningococcal infection in healthy
individuals is usually highest in children less than two years of age when protective
antibodies against meningococcal serotypes have not yet developed. In patients with
properdin deficiency the median age at the time of meningococcal infection is much higher
[14].

Recurrent meningococcal infections even in patients with properdin deficiency are
extremely rare. This may reflect the fact that protective antibodies are produced following
infection. Therefore, patients with properdin deficiency should be immunised with
tetravalent meningococcal vaccine, which gives protection against infections caused by
serotype A, C, W135 and Y. Since it is a polysaccharide vaccine, children younger than two
years of age only develop antibodies against serotype A. Therefore vaccinations should be
considered only in children older than two. A quadrivalent conjugate meningococcal vaccine
has been licenced in the United States and is recommended for children over two years of
age and with increased risk of meningococcal infection [15]. Because meningococcal
infection could most likely be prevented by vaccinations; male members of the family
should be identified and vaccinated. In children less than two years of age antibiotic
prophylaxis with penicillin or amoxicillin should be used before protective antibodies have
accumulated after vaccination.

Although the risk of contracting meningococcal infection is significantly higher in
individuals with properdin deficiency not all have meningococcal infection during their
lifetimes. Additional risk factors may be needed or may increase the risk. Both a low activity
of the lectin pathway and a lack of the immunoglobulin G2 m(n) which weakens antibody
response against polysaccharide antigens, have been connected to increased risk of
meningococcal infection in patients with properdin deficiency [8, 16]. The index patient
with meningitis in this study had absent lectin pathway activity. Although no further
analysis was done, the most likely explanation was mannan-binding lectin (MBL)
deficiency. The presence of variant MBL alleles with absent or low protein activity has been
associated with an increased risk of infection especially with concomitant
immunodeficiency [17]. In early childhood MBL deficiency has been associated with
meningococcal infection [18]. In an analysis of a Danish family with recurrent
meningococcal disease, Bathum et al. showed that combined deficiency of both MBL and
properdin increased the risk of infection [16]. However, properdin deficiency is such a rare
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event and variant MBL alleles so common in the population that it is difficult to show that
these immunological associations do not occur only by chance [19].

In this study, we describe the first family in Finland with a mutation in the properdin gene.
Because of the homogeneous genetic background of the Finnish population, it is probable
that only a few mutations will be found in Finland. It is important to look for properdin
deficiency after meningococcal infection, especially if the causative serotype is a rare one or
the family has a history of meningococcal infections. Vaccination with tetravalent vaccine
may prevent additional life-threatening infections in family members with properdin
deficiency.
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Figure 1. The family pedigree with the W388X mutation in the properdin gene

The index-patient is marked by an arrow. Three males 1V/1, IV/2 and V/1 have the
mutation. A total of six females I11/2, 111/3, 111/5, 111/20, 111/21 and IV/V were shown to be
carriers. In subjects marked by a star the mutation was excluded. The rest of the family
members did not participate in the study. The number of children and their sexes are not
known in IV/9-1V/16.
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