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Hereditary angioedema (HAE) is a genetically dominant clinical disorder characterized by recurrent, acute 
oedema of the skin or mucosa, usually involving the extremities, face, larynx and gastrointestinal tract. C1 
inhibitor (C1inh) deficiency is linked to the development of HAE, either by decrease of its plasma level or 
presence of a dysfunctional protein. The purpose of this study was to identify the genetic abnormality of 
C1inh in three patients with HAE (mother and her two children). Analysis was carried out using PCR, and 
direct sequencing of genomic DNA obtained from whole peripheral blood. DNA sequencing of the eight 
exons of the C1 esterase inhibitor gene (SERPING1) revealed one mutation and one polymorphism in the 
mother and the two children. The polymorphism was a heterozygous GTG 458 ATG (Val 458 Met) in exon 8 
and the mutation was a one-nucleotide deletion in codon 456 in Exon 8. This frameshift mutation 
(CTC456^TC) leads to a 45 amino acid larger protein with altered protein sequence and should be regarded 
as the causative defect in the patients. It is concluded, that heterozygous frameshift mutation at exon 8 alters 
the protein sequence of the C1 esterase inhibitor, leading to inactive protein in all three patients analyzed.  

ereditary angioedema (autosomal 

dominant), caused by deficiency of 

C1 inhibitor (C1inh), is by far the 

most frequent inherited complement (C) 

deficiency to present to the clinician. HAE is 

relatively common because clinical disease 

occurs in those heterozygous for deficiency. 

This unusual feature was noted by William 

Osler in 1888 in a family study which 

provided the first clear description of the 

deficiency. The clinical syndrome is 

characterized by repeated episodes of 

painless, non-pruritic swelling of the skin 

and/or mucous membranes. Involvement of 

the gut mucosa causes attacks of severe 

abdominal pain which often accompany the 

cutaneous signs and may mimic a surgical 

emergency; involvement of the mucosa of the 

airways can cause laryngeal or tracheal 

obstruction and is potentially life threatening 

(Donaldson, 1979; Agostoni & Cicardi, 

1992). There are two types of HAE 

characterized either by the presence of low 

amounts of normal C1inh in plasma (Type I), 

or by the presence of a dysfunctional protein, 

the levels of which may be normal or elevated 

(Type II). In HAE Type1, plasma levels of 

C1inh are typically less than 25% of normal, 

rather than the 50% which might be predicted 

for a heterozygous deficiency, due to normal 

or increased catabolic rate compounded by a 

low synthesis rate (Lachmann & Rosen, 1984; 

Cugno et al., 1990). In both types of HAE the 

plasma level of C1 is normal because the 

actual amount of C1 activation is not 

increased. However, the C1 convertases 

which are formed are inefficiently regulated, 

resulting in decreased plasma levels of C2 and 

C4 due to chronic, low-level activation of the 

classical pathway (CP). Levels of C1inh, C4 

and C2 are further reduced during acute 

attacks (Davis, 1988). The C1inh gene has 

been mapped to chromosome 11 and consists 

of 8 exons. Different mutations in C1inh have 

been found in different kindreds. Most 

kindreds with HAE II have a point mutation at 

or near to the reactive site, the most common 

mutation being at the essential P1 residue 

Arg444 (Aulak & Harrison, 1990). Many 

mutations could be also identified particularly 
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within exon 8 which contains the reactive 

center of the C1 inhibitor molecule (Verpy et 

al., 1995; Bowen et al., 2001). In this 

manuscript we describe a novel frameshift 

mutation in a pedigree with three affected 

individuals.  

Material and Methods 

Patients and Controls 

The index patient was a 46-year-old German women. 

Her first son was 24 years old and the second was 23 

years old. The diagnosis of HAE was established by 

repeated measurements of the C1inh, C4, C1q using 

Dad-Behring nephelometer II (Dad-Behring, Marburg, 

Germany). C1 inhibitor activity test was determined as 

previously described (Cumming et al., 2003). The 

phenotypic clinical signs and symptoms of disease 

were present. The HAEII was assessed by C4 quantity 

being C1q and C1inh being low and C1 inhibitor 

function being decreased (Bowen et al., 2003). EDTA 

blood samples for genetic analysis were obtained from 

the affected family members and from 76 controls after 

having their consent. 

The clinical signs of the index patient started during 

her first pregnancy with typical attacks of the disease 

with swollen face, nausea, vomiting and abdominal 

pain. She also had deep venous thrombosis and lung 

embolism ten years ago. Her both sons (offspring from 

consanguineous marriage), had typical attacks of the 

disease during their prepubertal time periods. The 

mother and her first son had factor V heterozygous 

defect. The 3-affected members of the family had 

typical clinical symptoms and signs with decreased 

C1inh activity and normal serum antigen level.  

Genetic Analysis 

Genomic DNA was extracted from whole blood EDTA 

samples using Qiagen Midi Kit (Qiagen, Hilden, 

Germany). The primers for amplifications of all exons 

were designed using the Primers 3 program available at 

the net (http://www-genome.wi.mit.edu/cgi-bin/ 
primer/primer3-www.cgi/) (Rozen & Skaletsky, 

2000). We designed 2 intronic primers (forward and 

reverse) for each of the 8 exons of the SERPING1 gene 

enabling the sequencing of the exons and the 

exon/intron boundaries (Table 1).  

Table 1. SERPING1 PCR primers and PCR conditions. 

Name Sequence Location 
Products 
(bp) 

Annealing 
(°C) 

SERPING1-Ex1f 5' GGC CAG CCA ATA GCT AAG AC 3' Exon 1 177 60 

SERPING1-Ex1r 5' ACC CCC TCC CTA GAC CTC TT 3' Exon 1   

SERPING1-2f  5' GGA GGG AAT TCG CTA AGA GG 3' Exon 2 290 55 

SERPING1-2r  5' CGG AGC CTG AAG GGT TAA T 3' Exon 2   

SERPING1-Ex3f 5' GGA CTG TGC CTC GTA GTA AGA AA3' Exon 3 599 60 

SERPING1-Ex3r 5' TGG GAG TGT CCA ACA AAT GA 3' Exon 3   

SERPING1-4f  5' AAC CCT CAT TCC CAA GGA AG 3' Exon 4 298 55 

SERPING1-4r  5' TTC CCT CTG TCC TTT CTT TCC 3' Exon 4   

SERPING1-Ex5f 5' TCA AAT CGT GCT CAT GGA AA 3' Exon 5 277 60 

SERPING1-Ex5r 5' CTT GGG GTT AAG TGG GCT TT 3' Exon 5   

SERPING1-6f  5' GGA TCT CAA TGT CCC TGC AC 3' Exon 6 328 55 

SERPING1-6r  5' CCC CAA AAT GAT GGG ACT AC 3' Exon 6   

SERPING1-Ex7f 5' CAG GAG AGA GAT GCG GTA GG 3' Exon 7 292 55 

SERPING1-Ex7r 5' CCT CTA ACT TGC AGG GTT GC 3' Exon 7   

SERPING1-Ex8f 5' GGA CAA AGG TCT CCA TCA GC 3' Exon 8 380 55 

SERPING1-Ex8r 5' AAC TGA GAG CTG AGG CTG GA 3' Exon 8   

Primers were designed by using Primers 3 program available at the net (htt://www-genome.wi.mit.edu/cgi-
bin/primer/primer3-www.cgi/). 

 



THE EGYPTIAN JOURNAL OF IMMUNOLOGY 95

All 8 exons were amplified from 50-100 ng genomic 

DNA using the Qiagen Taq PCR Core Kit (Qiagen, 

Hilden, Germany) on a Perkin Elmer Thermocycler 

under the following conditions: 30 sec 94 °C, 45 sec 60 

°C, 45 sec 72 °C for exons 1, 2, 3, 5 (45 sec 55 °C for 

exons 4, 6, 7, 8) for 40 cycles. The PCR products were 

purified with QIAquick PCR purification Kit (Qiagen, 

Hilden, Germany) and cycle sequencing reactions were 

performed with Big-Dye terminator v1.1 kit (DNA 

sequencing kit, PE Applied Biosystems, Darmstadt, 

Germany). The sequence of both strands was analyzed 

on an ABI Prism Genetic Analyzer 3100 capillary 

sequencer (PE Applied Biosystem, Darmstadt, 

Germany) according to the protocol of the 

manufacturer. The sequence information of the 8 exons 

of C1 esterase inhibitor gene (SERPING1) was 

compared to the published genomic sequence 

(GenBank accession number X54486). The mutation 

and the polymorphism identified in the three patients 

were also analyzed in comparison with the 152 alleles 

of the 76 controls to validate results. 

Results 

The 3 members of the affected family with 

type II HAE were clinically investigated and 

classified into 3- clinical phenotypes. 

According to this method of clinical 

phenotypic assessment, we recognised that the 

patients have the same disease (HAE Type II) 

with various expression in the phenotype. The 

index patient had a severe form with 

laryngeal, intestine and skin oedema, while 

the first child had a moderate form with 

intestinal and skin oedema and the second one 

had only skin oedema (Table2). 

Plasma level of C1q was normal and the 

severity of HAE was graded by location of the 

disease. Severe, moderate and mild form were 

defined as the disease affecting the larynx, 

intestine and the skin respectively (Cumming 

et al., 2003). 

We sequenced all exons of the C1 esterase 

inhibitor gene in all members of the family 

(Figure 1) affected by HAE type II and also in 

76 controls to validate mutations or 

polymorphism present in the patients. We 

found a polymorphism and mutation close to 

each other at exon 8 present in the mother and 

her two children (Table 3). The observed 

frameshift mutation presented novel mutation, 

not published so far. 

The polymorphism led to a heterozygous 

GTG458ATG (Val458Met) exchange present 

in exon 8 (Figure 2 A and B, broken arrow). 

The change was found in all three patients and 

35 heterozygous and 3 homozygous of the 76 

control individuals that were sequenced. The 

mutation was a deletion of a C-nucleotide in 

codon 456 leading to a heterozygous 

frameshift (CTC456^TC) and was shown in 

(Figure 2 A and B, solid arrow). The 

Val458Met polymorphism can not be 

recognized in the exon 8 forward sequence 

because of the sequence overlap caused by the 

one nucleotide deletion at codon 456 (Figure 

2 A, broken arrow), but was visible in the 

reverse sequence in Figure 2 B, broken arrow. 

The frameshift mutation led to an elongation 

of the protein by 45 amino acids by 

overreading the natural stop codon with a 

nonsense protein sequence beyond the 

frameshift position. Healthy pedigree 

members were not available. The frameshift 

mutation in a heterozygous state explains the 

genetic defect for the dominant disease. 
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Figure 1. Pedigree of the family with hereditary angioedema. The affected individuals are shown in black. 

Table 2. Classification of patients according to their clinical phenotype 

Individual Age Phenotype
* 

C1q level Affected part 

I-1 46 severe normal larynx, intestine and skin 

II-1 24 moderate normal intestine and skin 

II-2 23 mild normal skin 

*
Mild, Moderate and severe form of the disease reflected the disease affecting the skin, intestine and larynx 
respectively. 

The disease in the mother (I-1) affected the larynx, intestine and skin. 

The disease in the 1
st
 child (II-1) affected the intestine and skin. 

The disease in the 2
nd
 child (II-2) affected the skin only. 

Table 3. Inheritance of SERPING1 mutation and polymorphism in pedigree. 

Individual Mutation Polymorphism 

I-1 
Exon 8 deletion CTC 456 ^TC 

frameshift, longer proteins 

Exon 8 heterozygous GTG 458 ATG  
Val 458 Met 

II-1 
Exon 8 deletion CTC 456 ^TC 

frameshift, longer proteins 

Exon 8 heterozygous GTG 458 ATG  
Val 458 Met 

II-2 
Exon 8 deletion CTC 456 ^TC 

frameshift, longer proteins 

Exon 8 heterozygous GTG 458 ATG  
Val 458 Met 
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Figure 2. The solid arrows show the position of the frameshift and the interrupted arrows show the amino acid 
change (Val 458 Met). 

A- The genomic DNA sequences obtained from the peripheral blood of patient aligned with genomic DNA sequence of exon 8 
forward. The solid arrows show the position of frameshift. 

B- The genomic DNA sequences of exon 8 reverse obtained from the peripheral blood of patient aligned with genomic DNA 
sequence of exon 8 reverse. The interrupted arrows show the polymorphism. 

Discussion 

Hereditary angioedema (HAE) is an 

autosomal dominant disease. Its prevalence 

ranges from 1:10,000 to 1:150,000 in the 

general population (Nzeako et al., 2001). 

In our study, the three affected members of 

the family with HAE Type II had normal 

serum level of C1 esterase inhibitor and 

decreased activity. HAE type II is found in 

approximately 15% of patients with HAE, and 

is defined by normal or elevated levels of C1 

inhibitor with low functional activity caused 

by the secretion of the dysfunctional protein. 

HAE Type I is found in approximately 85% 

of all patients with HAE, and is characterised 

by low antigenic and functional activity 

(Rosen et al., 1965). In this study, the affected 

members of the family had typical symptoms 

and signs of the disease. However, there was a 

great variability of the clinical phenotype 

between the members ranging from severe 

form affecting the index patient to a mild one 

A 

B 
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in the second child, while it is moderate in the 

first one. This was in agreement with, 

Winnewisser et al., 1997, as they found that 

even within a given family the diversity of the 

clinical manifestations was wide, ranging 

from mild to severe and even to life 

threatening attacks. 

In this analysis we aimed to identify the 

underlaying mutation in the SERPING1 gene 

in this family and, if possible, to correlate the 

observed heterogeneity in clinical phenotype 

(Type I and Type II) to the type of mutation 

present, as shown by Cumming et al., (2003). 

The genetic analysis revealed a novel causal 

mutation on exon 8 of the SERPING1 gene in 

the three affected persons of the family. This 

mutation was a deletion of one nucleotide in 

codon 456 (CTC 456 [^C]TC). To the best of 

our knowledge this is the first frameshift 

mutation in SERPING1 that leads to type II 

HAE phenotype (Agostini et al., 2004), even 

though additional frameshift mutations in 

SERPING1 has been identified by others as 

well (Blanch et al., 2002; Kalamár et al., 

2003). Consequently, the protein is altered 

and it is believed to be non-functional. 

Because HAE is an autosomal dominant 

disorder (Agostoni & Cicardi, 1992; Rozen et 

al., 1971; Tosi, 1998) the heterozygous 

frameshift mutation on one allele should be 

sufficient for the disease to occur.  

The missense mutation Val to Met at codon 

458 (GTG458ATG) was previously reported 

as a polymorphism being present in 69% of 

the controls with no effect on the HAE 

phenotype (Cumming et al., 2003) and this 

was in agreement with our result. 

Even though the mutation was present in 

all members of the family, we noticed a great 

variability of the clinical phenotype. 

Therefore, we concluded that other factors 

besides the mutation may add to the 

variability of the phenotype. There was a poor 

correlation between the mutation, and the 

disease expression. Cumming et al., (2003) 

also discussed that the variability of clinical 

presentation was the result of genetic or non 

genetic elements distinct from the C1inh gene 

level. HAE presents a wide range of clinical 

severity, even within families carrying the 

same mutations and this supported our 

conclusion (Winnewisser et al., 1997). 

The index patient developed her first attack 

during pregnancy. Symptoms of hereditary 

angioedema often increased in frequency and 

intensity during pregnancy (Winnewisser et 

al., 1997). Her physician was not unable to 

give her anabolic androgen as a prophylactic 

therapy. However, the effect of androgen on 

the fetus is not known (Zuraw, 2004). At the 

age of 35 she was advised by her clinician to 

stop taking contraceptive pills. Birth-control 

pills and hormonal replacement therapy 

exacerbate the severity of the disease in 

women (Bork et al., 2003), again she was not 

given anabolic androgen as a prophylactic 

therapy (she had hairshutism) and her child 

was also not given androgen. The androgenic 

effects of the anabolic steroids complicate 

their use in women and its use in prepubertal 

is contraindicated. The antifibrinolytic epsilon 

aminocaproic acid and tranexamic acid reduce 

consumption of C1 by inhibiting some of the 

proteases which might otherwise consume the 

molecule (Frank et al., 1972; Van Dellen, 

1996). The index patient had a pulmonary 

embolism and deep venous thrombosis. The 

most common adverse events associated with 

tranexamic acid used in prophylaxis, are 

nausea and diarrhea (Gompels et al., 2003). 

Thrombus formation does not appear to be a 

major problem (Dunn & Goa, 1999). But 

tranexamic acid were not subscribed for her or 

the first son because they had a coagulation 

defect (factor V genetic defect).  

During the acute attacks which affected the 

index patient, purified C1inh preparations, 

and/or fresh frozen plasma were used for 

rapid restoration of plasma level of C1inh 

(Bork and Witzke, 1989; Waytes et al., 1996). 

In case of the second child, we could not 

determine any triggers of the attack. Complete 
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avoidance of attack in the majority of patients 

was impossible, cause we could not identify a 

precipitating cause (Winnewisser et al., 

1997). In contrast, the attack was triggered by 

injection in the index patient and playing 

football in the first child. This is in 

accordance with the literatures where were 

stress, trauma, insect sting and food constitute 

the usual triggers (Frank et al., 1976; Agostini 

& Cicardi et al., 1992).  
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