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A Korean familial case of hereditary complement 7 deficiency
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= Abstract =

Meningococcal infections can be associated with abnormalities of the complement system, which contains 5 terminal com-
plement proteins, Furthermore, deficiencies in 1 of these 5, complement component 7 (C7), leads to the loss of complement
lytic function, and affected patients show increased susceptibility to recurrent meningococcal meningitis and systemic Neisseria
gonorrhoeae infection, In September 2003, an 11-year-old female patient presented at our outpatient department with high
fever, lower leg pain, headache, and petechiaes, She rapidly progressed to coma but later achieved full recovery due to prompt
treatment, Her final diagnosis was meningococcal sepsis and arthritis, Her elder brother also had a similar bacterial meningoen-
cephalitis history, which encouraged us to perform analyses for complement component and gene mutations, Resultantly, both
the brother and sister were found to have the same mutation in the C7 gene. Subsequently, vaccinations of the meningococcal
vaccine meningococcal vaccine (Menomune®) were administered. However, in September 2006, the brother expired due to
acute micrococcus meningoencephalitis, At present, the 16-year-old female patient is healthy, Here, we report a Korean family
with a hereditary C7 deficiency with susceptibility to meningococcal infections due to C7 gene mutation, (Korean J Pediatr

2009;52:721-724)
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Introduction

Meningococcal infections may be associated with com-
plement system abnormalities”. Genetically determined defi-
ciencies of any of the terminal complement components are
associated with increased risk to recurrent systemic infec-
tions primarily by Neisseria meningitides during the age
range 10-30 yearsz' 3), when anti-meningococcal antibodies
are presumed present4). Complement component 7 (C7) is
one of five terminal complement proteins that upon activation
of either the classical or the alternative complement pathway
interacts sequentially to form a large protein—protein complex,
called membrane attack complex (MAC). The assembly of
MAC on target cells results in the formation of transmem-

brane pores that can lead to cell death®®. The single poly-

Received : 5 February 2009, Revised : 10 April 2009

Accepted : 22 May 2009

Address for correspondence : Jun Hwa Lee, MD.

Department of Pediatrics, College of Medicine, Sungkyunkwan University
Masan Samsung Hospital, 50, Hapsung 2-Dong, Masan-si,
Gyeongsangnam-do 630-723, Korea

Tel : +82.55-290-6140, Fax : +82 55-290-6044

E-mail : h3643@hanmail net, h3643@skku.edu

peptide chain of C7 is composed of 821 amino acid residues
and is structurally similar to those of the other MAC com-
ponents, C6, C8 a, C88, and C9"¥ The C7 gene has been
shown to span about 80kb of DNA and to be encoded by 18
exons”. It is located on chromosome 5pl3, as are the genes
that encode C6 and C9”. C7 deficiency leads to the loss of
complement lytic function, and patients so affected, show in-
creased susceptibility to recurrent meningococcal meningitis
and systemic Neisseria gonorrheae infections, although many
siblings that share the deficiency may remain healthyw).
We report a Korean family with a hereditary C7 deficiency
conferring susceptibility to meningococcal infection due to a
G-to-T transversion (g.IVS4-1G>T) at the 3’ splice accep-

tor site of intron 4 of the C7 gene.

Case report

A 1l1-year-old girl was admitted via outpatient depart-
ment in August 2003 with a high fever, headache, a right
lower leg pain, and petechiae and 3 hours after admittance
rapidly progressed to a comatose state. Upon initial physical

examination, her body temperature was 39.6C, heart rate 95
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beat/minute, blood pressure was 100/70 mmHg. A laboratory
investigation and brain MRI were initiated promptly. The
laboratory evaluations revealed: hemoglobin 9.1 g/dL, hema-
tocrit 27.3%, WBC 1,500/mm®, platelets 57,000/mm°, sodium
140 mmol/L, potassium 3.7 mmol/L, GOT/GPT 16/18 IU/L,
BUN/Cr 10.9/0.7, CRP 225 mg/L, PT/aPTT 20.7/485 se-
conds, and antithrombin III 87.85%. Brain MRI findings were
normal, but foot MRI revealed right calcaneus osteomyelitis,
and a subsequent immediate CSF study revealed a clear color
with a cell count of 2/uL, CSF protein 77 mg/dL, CSF/serum
glucose 80/144 mg/dL, and no bacteria on Gram staining.

Intravenous cefotaxime sodium 200 mg/kg/24hr, teicoplanin
6 mg/kg/24hr, and acyclovir 30 mg/kg/24hr were promptly
administered under the impressions of bacterial sepsis, early
bacterial or viral meningoencephalitis, or septic arthritis.
Three days post—-admission, her mental condition recovered
and her general condition slowly improved. At 5 days post—
admission, a blood culture grew Neisseria meningitides, but
no organisms were not detected in the CSF.

At 29 days post-admission, she made a full recovery and
was discharged with a final diagnosis of meningococcal
sepsis and septic arthritis.

At 25 days post-admission, we analyzed complement
component in all family members because of the family
history (Fig. 1). In December 2002, her elder brother had
experienced bacterial meningitis that showed gram negative
bacilli by CSF gram staining, but a CSF culture exhibited
no growth. C7 concentration analyses results, obtained using
C7 a Behring Nephelometer Analyzer (BNA; Dade Behring,
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Fig. 1. Pedigree of the family with a C7 deficiency. The solid
circle and square represents the patient (proband) and her
brother, and the hemisolid square represents the carrier. The
mother was normal. Sequencing analyses of C7 were not per-
formed in other family members.

expired

Marburg, Germany), revealed that her parents were at
slightly lower than the normal level, but the patient and her
brother were confirmed to be C7 deficient (Table 1). Other
complement component results were normal.

To detect the C7 gene mutation all exons and exon-intron
junctions of the C7 gene in all family members were ampli-
fied by PCR and sequenced using forward and reverse pri-
mers. Direct sequencing analysis demonstrated a G-to-T
transversion (g. IVS4-1G>T) at the 3’ splice acceptor site of
intron 4 of the C7 gene, which presumably causes skipping of
exon 5 of the C7 gene during RNA processing and splicing
(reference sequence, NM_000587). This mutation is the same
as that reported in another Korean familym. In the present
study, the father was heterozygous and patient and brother
were homozygous (Fig. 2).

After discharge, she intermittently visited outpatient de-

Table 1. Terminal Complement and CH50 Activities in the
Sera of Family Members

Father Mother Brother Proband

CH50 (Normal: 23-46 U/mL) 33 36.2 39 41

C5 (Normal: 7.4-11.7 mg/dL) 8.7 7.2
C6 (Normal: 4.3-8.1 mg/dL) 6.4 3.3
C7 (Normal: 54-11.2 mg/dL) 45 45 <0.9 <05
C8 (Normal: 65-15.4 mg/dL) 20.9 8.7
C9 (Normal: 3.1-7.5 mg/dL) 6.9 44

Intron 4 : the last sequence

Father

Mother

Brother

Proband

TGTTGEGT CAG TG C.
Intron 4

= ———

Exon 5

Fig. 2. Direct sequencing analysis demonstrated a G-to-T
transversion (g.IVS4-1G>T) at the 3’ splice acceptor site of
intron 4 of the C7 gene (arrowed). The father is heterozygous,
and the proband and brother are homozygous for this mutation.
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partment because of a mild fever, a migraine headache, and
a skin rash. Therefore, we decided that prophylactic menin-
gococcal vaccination was required, but this is not available
in Korea. Nevertheless, we persisted, and finally, all family
numbers were vaccinated with tetravalent polysaccharide
meningococcal vaccine (PSV-4), Menomune” (A/C/ Y/W-
135, Aventis Pasteur, Canada), which was obtained from
Canada in October 2004.

However, in September 2006, about two years after the
first prophylactic meningococcal vaccination, her elder bro-
ther was admitted to our emergency room due to a headache
and high fever, and later expired due to acute micrococcus
meningoencephalitis. Other family members were admini-
stered a secondary meningococcal vaccination in November
2006, and the female patient was administered a third pro-
phylactic vaccination in September 2008. At present, she is
16 years old and is healthy. In the future, we will either
administer PSV-4 as a prophylaxis every 2 years or switch

to the novel tetravalent conjugate meningococcal vaccine.

Discussion

The complement system is composed of a series of 19
plasma and 9 membrane proteins, and was first discovered
at the turn of the twentieth century. However, it was not
until the 1960’s that the first complement deficient patient
was described. The complement system is usually divided
into classical and alternative pathways.

The incidences of complement deficiencies are both geo-
graphically and ethnically dependent”. C2 deficiencies are
common in the USA, and C6 and C8a -7 deficiencies are
common in blacks, whereas C7 and C8 deficiencies are pre-
dominantly observed in Caucasians. C9 deficiencies are com-
mon in Japan, and C7 deficiencies have been reported more
frequently in Spain and Israel than in Japan and Korea'”.
Thus, the thresholds used for screening complement abnor-
malities should reflect these epidemiologic variations.

Deficiencies in the terminal components C5-C9 cause poor
bactericidal function, especially of Neisseria species, and
are the components needed to form MAC (membrane attack
complex). Late component deficient patients in the US pop-
ulation may have a 1,000 to 10,000 fold increased risk of
infection, with a median age at onset in the mid-teens, as
compared to the first five years in the normal population.
Furthermore, those affected were found to have a relapse

rate of approximately 8% and a recurrence rate of 449612,

A Korean familial case of hereditary complement 7 deficiency

C7 is a single—chain polypeptide composed of 821 amino
acid residues and is structurally similar to other components
of MAC, that is, C6, C8, C8, and C9"* . The C7 gene spans
about 80 kd of DNA and is encoded by 18 exons’. To date,
more than 15 different molecular defects that lead to total
or subtotal C7 deficiency have been reportedi 113

Ki et al. reported two novel mutations in the C7 gene in
a Korean patient with C7 deficiency, namely, a point muta-
tion at the 3’ splice acceptor site of intron 4 (¢.281-1G>T)
and a large deletion mutation encompassing almost the whole
C7 gene from exon 1 to exon 17 (c.1- ?_2350+?del)". Our
patient have the same point mutation in intron 4, but no large
deletion mutation was detected.

The prophylaxis of complement deficiency to prevent
meningococcal disease can be undertaken by administering
prophylactic antibiotics or by vaccination with tetravalent
polysaccharide vaccine (PSV-4)"". PSV-4 was developed in
response to an increasing rate of bacterial meningitis among
military recruits, and following the widespread use of vac-
cine in the military, a dramatic decrease in the incidence of

14)
. How-

invasive meningococcal disease has been observed
ever, PSV-4 is limited by its poor immunogenicity in small
infants, a failure to induce a T-cell-dependent immune re-
sponse, and a lack of long-term protection. In contrast, the
novel tetravalent conjugate meningococcal vaccine, which
currently is only available in North America, is immunogenic
in young infants, induces long—term protection, and reduces
nasopharyngeal carriagem. A tetravalent conjugate menin-
gococcal vaccine was licensed for use in 11-55 year olds in
the US in January 2005, and subsequently for use in 2-11
year old children in Canada in May 2006

Our patient had meningococcal sepsis and her elder brother
expired due to recurrent bacterial meningitis, and both
harbored a G-to-T transversion (g.IVS4-1G>T) at the 3’
splice acceptor site of intron 4 of the C7 gene. Although her
family members underwent prophylactic vaccination with
PSV-4 (Menomune” A/C/Y/W-135) to prevent Neisseria
meningococcal infection, her elder brother later expired due
to recurrent bacterial meningoencephalitis. Therefore, we
intend to recommend that our C7 deficiency family members
change from PSV-4 to a tetravalent conjugate meningococcal

vaccine in the future.
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AETF - o]ALD" - o3}
"v\*‘%L:rLﬁL(Meningococcus) Ao BAAL old¥ THo
A& = Aok B2A 72 570 Ewek BA oA (terminal com-
plement protein) & SIHU=E ojzlc] AR BA HEE &

(e
st A4S @A slo] WA 49, 53 FATE 49
o 2ol F7ka 20034 99 39, AA BE, FEN 4
4 F9= deel WA 114 B 4 847 99 F 349
4 U Wil 22449 AR AT 943 IRH Ut
sae) A% Qe oty HAEH BAgeldt. Bl
omE v ARA 95 Sl dof ARES wAA

AL} §-A2 &Aoo (gene mutation)oll thall B3R, 3
2o} xte] Qb= BA 7H f-24] exon 40 G394Ce EA
HolZb le MHA BA 7H 29 X8, opwe BHAXE

AT AAES AUH oz 47t Fubtt WA (tetravalent
polysaccharide meningococcal vaccine, Menomune” A/C/Y/
W-135, Aventis Pasteur, Canada)S 3dvith HEs712 3%
320044 10€ol HEo® FFSIATE el 20061 9€ &
= 54 AlrA 392 (meningoencephalitis) &2 AFE3FA
o olel AREE 2dntet A HES SR AL, Eae
2008 9ol 3WAR HFstglom 164 ¥ Fab= AR
A7 Aol Adse S A4EH BA 7H A4l
HA intrond 3° L splice acceptor Ao G to T &)
(gIVS4-1G> T)7F sl A3 BAl 74 23S 717l gl
3 7}5S BauskE Hlolt)
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