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Hereditary angioneurotic edema (HAE) is an autosomal dominant disorder characterized by 
episodic local subcutaneous and submucosal edema caused by the deficiency of activated C1 
esterase inhibitor protein (C1-INH, type I (C1NH): reduced serum antigen level, type II: 
reduced activity and normal serum antigen level). The aim of the present study was to 
determine the disease-causing mutations in the C1INH gene (SERPING1) among Hungarian 
HAE-patients. The estimated number of affected HAE-families in Hungary is 40-50, out of 
which 26 families (type I:23, type II:3) managed in a single center were enrolled in the 
current study. To detect large deletions/insertions, we used Southern-blotting analysis 
followed by real time PCR based gene dosage analysis. In the absence of large structural 
changes, we employed direct sequencing covering the whole coding region and splicing sites 
of the C1INH gene. Large deletions were detected in 4/23 (17.4%) type I families. We found 
the g.16788C>T (p.Arg444Cys) mutation in each 3, type II HAE-families. In the remaining 
type I families, 13 previously unreported mutations (g.638G>A, g.2238C>T, 
g.2534_2535delCT, g.2579_2620del42, g.2533G>A, g.2695G>A, g.2696_2697insT, 
g.4467C>T, g.14224A>T, g.14107delA, g.16749_16775dup, g.16810T>A, g.16885C>G) were 
detected in 16 families affecting primarily exon 3 (6/13) of the C1INH gene. In the 3 
remaining families, known mutations were identified affecting primarily exon 8 (2/3). © 2003 
Wiley-Liss, Inc. 
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INTRODUCTION 

Hereditary angioneurotic edema (HAE, MIM# 106100) is an autosomal dominant disorder characterized by 
episodic local subcutaneous and submucosal edema involving the upper respiratory and gastrointestinal tracts 
[Agostoni and Cicardi, 1992]. It is caused by the deficiency of the activated C1 esterase inhibitor protein (C1INH 
or C1I; HUGO symbol, SERPING1; MIM# 606860) [Rosen et al., 1971; Tosi, 1998] whose function is preventing 
unnecessary activation of the complement system (C1r and C1s). C1INH also plays an important role in the 
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regulation of other serine proteases (MASP-1, MASP-2, Factor XIIa, Factor XIa, kallikrein, plasmin, and 
thrombin) [Davis et al., 1986]. According to the antigenic plasma level of the C1INH protein, two types of HAE 
are distinguished: a quantitative defect (type I) in which the protein level is low, and a qualitative defect (type II), 
which is less frequent and characterized by decreased functional activity, in spite of normal or even high antigenic 
levels [Rosen et al., 1971]. The high incidence of de novo mutations (~25%) [Verpy et al., 1996, Pappalardo et al., 
2000], and the variability of C1INH protein levels in young subjects underscore the importance of DNA assays to 
provide direct and rapid diagnosis for suspected HAE-cases. Furthermore, identification of previously unreported 
C1INH mutations may provide useful data for structure-function relationship analyses. 

As it is shown in recent studies, while designing the strategies for DNA-analyses of the C1INH gene, focusing 
on specific regions of the C1INH gene has provided a significant amount of new data [Freiberger et al., 2002; 
Blanch et al., 2002]. However, due to the high incidence (~20%) of large deletions and insertions caused by the 
intragenic Alu sequences [Carter et al., 1991; Stoppa-Lyonnet et al., 1990], a complete diagnostic strategy likely 
involves the examination of the large rearrangements. 

In this study we present the results of the complete mutation screening of a well characterized Hungarian HAE 
patient population, with 13 previously unreported mutations in the C1INH gene. 

MATERIALS AND METHODS 
Subjects investigated 

Sixty-four patients (males: 30, females: 34) from 26 unrelated Hungarian families followed and treated in a 
single center were enrolled. Detailed laboratory analyses of the complement system and evaluation of the clinical 
symptoms were done in the same center. In all cases, these data were consistent with the diagnosis of HAE. In 23 
families type I (decreased serum antigenic level) and in 3 families type II (decreased C1INH activity with normal 
or elevated serum antigen level) HAE was diagnosed. For DNA analyses and storage purposes, 10 ml EDTA-
anticoagulated peripheral blood was collected from affected patients and 3 ml from healthy family members. 
Written informed consent for the genetic tests was obtained at times of sample collection. We used samples from 
50 unrelated healthy blood donors as the control group to distinguish novel missense mutations from rare 
polymorphisms. 

DNA isolation 

For the Southern blot analysis DNA was isolated from 3 ml EDTA-anticoagulated peripheral blood, while for 
exon amplifications (sequencing) we extracted DNA from 0.3 ml blood. For both quantities, the Gentra Puregene 
Blood Kit was used. 

Primer design 

Sequencing primers of the C1INH gene were designed using the Primer3 online primer designer page 
(http://www-genome.wi.mit.edu/cgi-bin/primer/primer3_www.cgi/) [Rozen and Skaletsky, 2000] covering the 
whole coding sequence and splicing sites (the primer sequences are available upon request). All primers were 
designed with the same TM and optimized to each other.  

Southern blotting 

Southern blotting of BclI digested genomic DNA were carried out by standard procedures using the XhoI/XbaI 
fragment from plasmid pHC1INH/1 containing the entire cDNA of the C1INH gene [Tosi et al., 1986] as a 
hybridization probe with radioactive (alpha32P-dCTP) labeling followed by autoradiography. 

Gene dosage analysis 

Since the deletion of exons 1 and 2 is highly unlikely [Stoppa-Lyonnet et al., 1991], we used the sequencing 
primers for exons 3 to 8 for the relative quantitative analyses to detect the putative deleted exon(s) in Southern blot 
positive cases showing altered bands of approximately 2 to 4 kb. One hundred ng (adjusted by OD measurements) 
of whole genomic DNA was amplified (60 cycles 94°C-0 sec; 57°C-10 sec; 72°C-15 sec) for the respective exons 
in a LightCycler (Roche) using the DNA Master SYBR Green I Kit (Roche) and fluorescence (F1 filter) was 
measured in the end of each extension step. To verify the presence of the specific PCR product, melting analysis 
was made after the amplification. The data evaluation was carried out with the LightCycler Data Analysis 
software. The point where fluorescence rises above background noise is best quantified as the second derivative 
maximum [crossing point (Cp)] of the curve and correlates with the amount of starting template copies within a 
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PCR reaction. For the relative quantification, we compared the differences of the Cp values (Cp of the appropriate 
exon of a mutant sample - Cp of the appropriate exon of a normal sample) between a normal and a patient sample. 

DNA sequencing 

PCR amplification of 500 ng whole genomic DNA was carried out in 30 cycles (94°C-45 sec; 60°C-45 sec; 
72°C-45 sec) with 10-10 pmol primers and Promega PCR Master Mix. PCR products were purified with the 
Montage PCR Kit (Millipore). Sequencing reaction of the PCR products was performed using the BigDye 
Terminator v3.0 Cycle Sequencing Kit (Applied Biosystems) according to the manufacturer’s instructions. For the 
second purification Multiscreen-HV plates (Millipore) filled with Sephadex G-50 Superfine beads (Amersham 
Biosciences) were used. Automated capillary electrophoresis was performed on an ABI PRISM 310 Genetic 
Analyzer (Applied Biosystems). To confirm the presence of a particular mutation, sequencing with the reverse 
primer was completed using the same PCR product. Further confirmation was achieved by one or both of the 
followings: alternative amplification primers were used to amplify the region containing the putative sequence-
alteration; another affected family member was sequenced. 

Numbering and nomenclature and in silico splice site prediction 

Regarding the nomenclature of the mutations we follow the recommendations of HUGO [Antonarakis SE and 
Nomenclature Working Group, 1998]. For base numbering the traditional system [Carter et al., 1991] was used, i.e. 
number one is the first nucleotide of exon 1 (transcriptional initiation, position 1183 in the GenBank reference 
sequence X54486.1). 

To carry out in silico predictions for putative splice sites, the Neural Network Splice Site Prediction internet site 
(http://www.fruitfly.org/seq_tools/splice.html) [Reese et al., 1997] was used. By entering a sequence variant, the 
program indicates the existence or absence of a splice site with different probability values (threshold) chosen. 
With the probability value of 0.1 used in our analyses, the program recognizes 97.9 percent of the splice sites. 

RESULTS 

Due to the high incidence (~20%) of large sequence alterations caused by the intragenic Alu sequences, we used 
Southern blot technique combined with the gene dosage analysis as an initial step in HAE type I patients. In HAE 
type II patients, sequencing was initially focused on the region surrounding the reactive centre hot spot (arginine in 
position 444) [Skriver et al., 1989]. In cases of negative results for both patient groups, direct sequencing covering 
the entire coding sequence and flanking regions was carried out. 

 

 
Figure 1. Large deletions and gene dosage analyses among HAE type I patients (A) Southern blot analysis of the C1INH 
gene using the XhoI/XbaI fragment from plasmid pHC1INH/1 on BclI digested genomic DNA: lane 1: normal genotype; 
lanes 2 to 5: deletion carrier genotypes. (B) Relative quantitative PCR determinations to confirm and localize the 
deletions in patients with identified deletions smaller than approximately 3 kb (samples 3 to 5 in panel A) using real time 
PCR (LightCycler) and SybrGreen detection. The data (the error bars indicate standard deviation) represent the means of 
determinations of 3 consecutive, identical experiments using one patient and one control DNA sample. These data are 
representative of results observed using the other 2 patient samples. Cp=crossing point. 
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We identified large (more than 1 kb in size) deletions in four unrelated families by Southern-blot analysis (Fig. 
1A). One of these families had a deletion size of approximately 9 kb, while in the other three families the deletions 
were about 2 to 4 kb in size. To exclude the possibility of intronic deletions in these three latter families, we 
carried out relative quantitative analyses of exons 3 to 8. As shown in Figure 1B, upon comparing a patient and a 
control sample, the Cp differences were significantly (ANOVA, p<0.0001) higher in the case of exon 4 as 
compared to all other exons examined. Identical results (not shown) were obtained upon testing the samples of two 
other patients with altered Southern patterns, indicating that in all of these families the deletions affect exon 4 of 
the C1INH gene, which was reported as the most frequently affected exon in patients with large deletions [Stoppa-
Lyonnet et al., 1991]. 

 
 
Table 1. Missense and Nonsense Mutations of the C1INH Gene among Hungarian HAE Patients 
According to their Position in the Gene 

Traditional 
nomenclature* 

Location 
(exon) 

Amino acid 
change 

Evidence of disease causing feature 

Missense mutations: 

g.2533G>A** 3 p.Cys108Tyr 

• Not detected among 100 control chromosomes.  
• Disease-linked segregation in the family. 
• Destroys the disulfide bond between the Cys108 and 

Cys183 amino acids. 

g.14224A>T 7 p.Asp386Val 

• Not detected among 100 control chromosomes. 
• Disease-linked segregation in the family. 
• Significant amino acid change with polarity and 

charge change 

g.14181A>C 7 p.Thr372Pro • Previously described as pathogenic mutation  

g.16788C>T*** 8 p.Arg444Cys • Previously described as a reactive center mutation 

g.16810T>A 8 p.Val451Glu 

• Highly conserved amino acid, significant amino acid 
change with polarity change 

• Disease causing mutations already described in this 
position (Val451Met, Val451Gly) 

• De novo mutation 

g.16870G>A 8 p.Gly471Glu • Previously described as pathogenic mutation causing 
wrong folding of the protein 

g.16885C>G 8 p.Pro476Arg 

• Not detected among 100 control chromosomes. 
• Disease-linked segregation in the family. 
• Highly conserved amino acid, significant amino acid 

change with polarity change 
• Disease causing mutation already described in this 

position (Pro476Ser) 
Nonsense mutations: 
g.2238C>T 3 p.Gln10Ter 
g.4467C>T 4 p.Gln201Ter 
g.16872C>T 8 p.Arg472Ter 

• Premature stop codon leads to formation of truncated 
protein.  

• Disease-linked segregation in the families. 

Previously not described mutations are in boldface type. 
*Nucleotide changes are based on the genomic sequence reported by Carter et al., 1991. i.e. number one is the 

first nucleotide of exon 1 (position 1183 in the GenBank reference sequence X54486). 
**Detected in two apparently unrelated HAE type I families. 
***Detected in the 3 HAE type II families. 
 
 

We completed the direct sequencing of exon 8 in each of the three unrelated, HAE type II families of our cohort 
and, exclusively found the presence of g.16788C>T (p.Arg444Cys) mutation of the reactive site. In the cases of the 
remaining 16 families, we completed direct sequencing of all exons and flanking regions. As shown in Table 1, we 
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identified four previously unreported and two published missense mutations in 7 HAE type I families (the 
g.2533G>A was found in two apparently unrelated families), as well as two previously unreported and one 
published nonsense mutation leading to premature termination of protein synthesis. To test our control group (100 
chromosomes) for the presence of g.2533G>A and g.14224A>T mutations, we designed allele specific primers and 
employed a multiplex, allele-specific PCR by combining the sequencing primer pairs and newly designed third, 
allele-specific oligonucleotides. For the detection of the g.16885C>G mutation, the ScrFI restriction enzyme was 
used to digest the PCR product obtained by using the sequencing primer pair. The screening of the control group 
for the presence of these 3 latter, previously unreported missense mutations gave negative results in all cases. In 
addition to the above mentioned sequence alterations, two previously published polymorphisms (g.566T>C and 
g.16830G>A) were also detected in our cohort. Table 2 lists the identified 3 previously unreported small deletions 
and one small duplication in 5 HAE type I families (g.2579_2620del42 was found in two apparently unrelated 
families). Two deletions and the duplication cause frame shift and premature termination of protein synthesis. 
g.2579_2620del42 is an in-frame deletion but in its presence a significant and highly conserved part (14 amino 
acids) is lost from helix A of the C1INH protein. 

 
 
Table 2.  Small Deletions and Insertion in the C1INH Gene among Hungarian HAE Patients 

Traditional 
nomenclature* Location (exon) Evidence of disease causing feature 

g.2534_2535delCT 3 • Immediate premature stop codon.  
• Disease-linked segregation in the family. 

g.2579_2620del42** 3 • In frame deletion but a significant part of helix A is lost.  
• Disease-linked segregation in the family. 

g.14107delA 7 
• Causes frame shift and premature stop codon at 22 amino acids 

downstream.  
• Disease-linked segregation in the family. 

g.16749_16775dup 8 
• Causes frame shift, destroys the normal sequence of the reactive 

center.  
• Positive family history. 

Previously not described mutations are in boldface type. 
*Nucleotide changes are based on the genomic sequence reported by Carter et al., 1991. i.e. number one is the first 
nucleotide of exon 1 (position 1183 in the GenBank reference sequence X54486). 
**Detected in two apparently unrelated HAE type I families. 

 
 
As shown in Table 3, substitutions of the +1 G to A of the splice donor sites were separately observed as 

previously unreported mutations in introns 2 and 3 among three HAE type I families (g.638G>A was found in two 
apparently unrelated families). In one HAE type I family, a single T insertion was found in the splice donor site of 
intron 3. In the presence of all these sequence alterations, the splice site prediction program did not predict splicing 
if the probability value (threshold) was chosen to be 0.1 (Table 3). The splice site sequence alterations observed 
were confirmed by additional manual comparisons with the data published by Zhang. 

DISCUSSION 

We found large gene rearrangements in 4/23 (17.4%) HAE type I families. In one family, we detected a deletion 
of about 9 kb, which is more than the half the size of the gene and large enough to affect at least two exons. 
Because of the presence of large introns (intron 3, 4 and 6 are about 3-6 kb in size) the localization of the smaller 
deletions was relevant in the other three families. For this purpose, we employed a relative quantitative PCR 
method based on real time PCR. Alternative approaches, such as Southern blotting with other restriction enzymes 
[Stoppa-Lyonnet et al., 1987] or fluorescent semi-quantitative multiplex PCR [Duponchel et al., 2001] have 
already been described for this purpose. As shown in Fig 1B, our real time PCR based gene dosage analysis 
approach gave valuable and robust data and may be a good complementary tool to precisely localize smaller 
deletions. 
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Table 3. Splice Site Mutations in the C1INH Gene among Hungarian HAE Patients 

Traditional 
nomenclature* 

Location Comparison of observed sequences in the critical 5’ splicing regions 

-3 -2 -1 +1 +2 +3 +4 +5 +6  

Consensus** c/a a G G T A/g A/t G t/a 

Normal G G G G T A T G T 
g.638G>A*** Intron 2 

Mutant G G G A T A T G T 

Normal T C G G T A A G A 
g.2695G>A Intron 3 

Mutant T C G A T A A G A 

Normal T C G G T A A G A 
g.2696_2697insT Intron 3 

Mutant T C G G T T A A G 

Previously not described mutations mutated/inserted bases are in boldface type. Bases matching the consensus 
sequence are underlined. In the consensus sequence, capital letters indicate strong weights and lower case letters 
weaker weights.  
*Nucleotide changes are based on the genomic sequence reported by Carter et al., 1991. i.e. number one is the first 
nucleotide of exon 1 (position 1183 in the GenBank reference sequence X54486). 
**Sources: http://www.fruitfly.org/seq_tools/splice.html and [Zhang, 1998]. 
***Detected in two apparently unrelated HAE type I families. 

 
  
Similarly to earlier studies, a large proportion of the identified mutations proved to be missense mutation in our 

series. Thus, six different missense mutations in seven HAE type I families and the g.16788C>T mutation in the 
three HAE type II families was identified. The g.14181A>C and g.16870G>A mutations in HAE type I patients as 
well as the g.16788C>T mutation in HAE type II patients were already described as disease causing mutations 
[Verpy et al., 1996; Blanch et al., 2002; Skriver et al., 1989]. The missense mutation of Cys183 (changed to Tyr) 
the putative partner of Cys108 for disulfide bridge formation [Bock et al., 1986] was described earlier as a disease 
causing mutation [Zuraw et al., 2000] further supporting a similar role for the previously unreported g.2533G>A 
mutation found in two families of the current study. The previously unreported g.14224A>T mutation found in a 
single HAE type I family affects the second residue of the predicted helix I and causes significant polarity change 
[Bock et al., 1986]. The g.16810T>A mutation in exon 8 was found in one HAE type I family with a de novo 
pattern (healthy parents and other healthy family members were negative for the mutation). According to the 
antitrypsin model, this substitution is located in the C1 ß-sheet of the hydrophobic pocket, which region is highly 
conserved among serpins [Eldering et al., 1995; Verpy et al., 1995]. The highly conserved Val451 amino acid is 
important for the folding of the C1INH protein into its native conformation [Huber and Carrell, 1989]. A valine-
methionine and a valine-glycine amino acid change were previously reported in this position as disease causing 
mutations [Verpy et al., 1996; Blanch et al., 2002]. The g.16885C>G mutation in exon 8, found in one HAE type I 
family, affects the highly conserved C-terminal proline residue [Bock et al., 1986]. A proline-serine amino acid 
change in this position was previously reported as a disease causing mutation [Verpy et al., 1996]. Three of the 
identified previously unreported missense mutations (g.2533G>A, g.14224A>T, g.16885C>G) showed segregation 
with the disease phenotype and were not detected in 100 normal chromosomes.  

We found 3 different nonsense mutations in 3 HAE type I families. The g.16872C>T in exon 8 was previously 
described [Verpy et al., 1996], while the g.2238C>T (exon 3) and g.4467C>T (exon 4) are previously unreported 
mutations. All of these nonsense mutations create premature stop codons which lead to the formation of truncated 
protein.  

Three different, previously unreported small deletions and one small insertion (duplication) were found in our 
cohort in five HAE type I families. The g.2534_2535delCT dinucleotide deletion in exon 3 results in a frame shift 
that truncates the open reading frame by creating a premature stop codon (TGA), immediately at the position of the 
deletion. The g.2579_2620del42 deletion was identified in two unrelated HAE type I families. This mutation 
causes no frame shift, but affects the main part of the predicted helix A with three highly conserved amino acids. 
The deleted 14 amino acids as a consequence of the g.2579_2620del42 mutation are the following (conserved 
residues are underlined): LeuValAspPheSerLeuLysLeuTyrHisAlaPheSerAla [Bock et al., 1986]. The g.14107delA 
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single nucleotide deletion in exon 7 causes frame shift, which leads to a premature stop codon (TGA) in a position 
downstream from the deletion by 22 amino acids. The g.16749_16775dup duplication in exon 8 also causes frame 
shift, and destroys the normal sequence of the C-terminal region of the protein including the reactive center. 
Disease linked segregation was observed in all of the families carrying these previously unreported mutations. 

Three different previously unreported splice site mutations were observed in 4 unrelated HAE type I families. 
The g.638G>A and g.2695G>A mutations affect the most important G (position +1) in the splice donor site, while 
the g.2696_2697insT shifts the sequence of the intron 3 splice donor site, and destroys the consensus sequence. 
The effect of the mutation to the splice site was examined with the internet based Neural Network Splice Site 
Prediction program [Reese et al., 1997]. The program did not predict any splice donor site in the affected region of 
the mutant sequences with the used probability value of 0.1. According to above assumptions, the two substitutions 
and the small insertion significantly alter the sequence of the splice donor sites, and predict a defect in the 
maturation of the pre-mRNA. All of these previously unreported splice site mutations showed disease linked 
segregation in the families. 

Three mutations (g.638G>A, g.2579_2620del42 and g.2533G>A) were separately found in more than one HAE 
families. We interviewed the family members and examined the place of residences. As a result, we found no 
relationship between the respective families.  

By using our complex diagnostic strategy, we detected the disease causing mutations of the C1INH gene in 26 
HAE families. In the present study, 13 previously unreported mutations, four large deletions and four reported 
mutations were identified in the Hungarian HAE-patient population examined. In total we verified the presence of 
21 mutations (previously unreported and described). The distribution of these mutations according to type (large 
deletions 4/21 [19%], missense 7/21 [34%], frame shift 3/21 [14%], stop codon 3/21 [14%], splice site 3/21 [14%], 
deletions of few amino acids 1/21 [14%]) is essentially similar to the published data [Tosi, 1998]. The high rate of 
previously unreported mutations in our patient population supports the concept of genetic instability of the C1INH 
gene. Our approach provides definite molecular diagnosis and allows the widening of the known mutation database 
by examining a distinct, previously not studied population. 
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