Accepted: 6 August 2017

DOI: 10.1111/all.13270

ORIGINAL ARTICLE

Epidemiology and Genetics

o

WILEY Allergy:

Hereditary angioedema with a mutation in the plasminogen

gene

K. Bork!
G. Witzke! | J. Hardt®

1Department of Dermatology, Johannes
Gutenberg University, Mainz, Germany

2University Medicine, Ernst Moritz Arndt
University, Greifswald, Germany
SInstitute of Laboratory Medicine and
Human Genetics, Singen, Germany
“Center for Public Health Genomics,
University of Virginia, Charlottesville, VA,
USA

5Department of Medical Psychology and
Medical Sociology, Johannes Gutenberg
University, Mainz, Germany

Correspondence

Konrad Bork, Department of Dermatology,

Johannes Gutenberg University, Mainz,
Germany.
Email: bork@hautklinik klinik.uni-mainz.de

Edited by: Werner Aberer

1 | INTRODUCTION

| K. Wulff> | L. Steinmiiller-Magin® | 1. Braenne® | P. Staubach-Renz?® |

Abstract

Background: Hereditary angioedema (HAE) with normal C1-INH (HAEnCI) may be
linked to specific mutations in the coagulation factor 12 (FXII) gene (HAE-FXII) or
functional mutations in other genes that are still unknown. We sought to identify
and characterize a hitherto unknown type of HAE with normal C1-INH and without
mutation in the F12 gene.

Methods: The study comprised analysis of whole-exome sequencing, Sanger
sequencing, and clinical data of patients.

Results: We detected a mutation in the plasminogen (PLG) gene in patients with
HAENCI. The mutation c.9886A>G was located in exon 9 leading to the missense
mutation p.Lys330Glu (K330E) in the kringle 3 domain of the PLG protein. The
mutation was identified by next-generation sequencing in 14 patients with HAEnCI
belonging to 4 of 7 families. Family studies revealed that this type of HAE was
transmitted as an autosomal dominant trait. The PLG gene mutation was present in
all studied symptomatic patients and was also found in 9 of 38 index patients from
38 further families with HAEnCI. Most patients had swelling of face/lips (78.3%)
and tongue (78.3%). A total of 331 of all 3.795 tongue swellings (8.7%) were associ-
ated with dyspnea, voice changes, and imminent asphyxiation. Two women died by
asphyxiation due to a tongue swelling.

Conclusions: Hereditary angioedema with a mutation in the PLG gene is a novel
type of HAE. It is associated with a high risk of tongue swellings.

KEYWORDS
bradykinin, hereditary angioedema, mutation in the plasminogen gene, plasminogen, whole-

exome sequencing

C1-INH in plasma (HAENCI). In some of the families with HAENnCI, a

specific mutation in the F12 gene was detected in symptomatic

Hereditary angioedema (HAE) includes HAE due to C1 inhibitor (C1-
INH) deficiency (HAE-C1-INH), HAE with a specific mutation in the
factor Xl gene (HAE-FXII), and HAE with an unknown genetic back-
ground.»? HAE-C1-INH is caused by mutations in the gene encoding
C1-INH (SERPING1) resulting in low plasma activity of C1-INH. The

other types of HAE are associated with normal level and function of

patients.3 In most families with HAENnCI, however, the genetic back-
ground is still unknown (HAE-unknown).® In a previous study, we
found that this was true for 73.9% of families with HAEnCI.> There-
fore, we investigated patients with HAE-unknown to identify novel
gene aberrations linked with the expression of HAE. For identifying

potential disease-causing gene variants, we used next-generation
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sequencing of the whole exome combined with family studies.
Hereby we found a mutation in the plasminogen (PLG) gene, which
was previously unknown to be disease-causing and cosegregated
with clinical symptoms in patients as an autosomal dominant trait.
These findings suggest a novel type of HAE characterized by normal
C1-INH function and level, absence of a specific F12 gene mutation,

and presence of the novel PLG gene mutation (HAE-PLG).

2 | METHODS

The study comprises analysis of whole-exome sequencing (WES),

Sanger sequencing, and clinical and biochemical data of patients.

2.1 | Probands

Probands included patients, symptom-free family members, and
healthy controls. Study patients with HAE were selected by the
following criteria: (i) Patients had recurrent swellings of skin,
abdominal pain attacks, tongue swellings, or laryngeal attacks in
the absence of urticaria; (i) patients had normal C1-INH function
and concentration in plasma; (i) patients had no HAE-specific F12
gene mutations comprising the missense mutations p.Thr328Lys
and p.Thr328Arg, the large deletion ¢.971_1018 + 24del 72, and
the duplication ¢.892_909dup; (iv) patients came from families
with 2 or more symptomatic patients with HAE; and (v) within
the families, the patients came from two or more generations. All
patients were surveyed in the Angioedema Outpatient Service at
Mainz, Germany (AOS).

Twenty-two subjects (20 patients and two healthy persons) were

the Johannes Gutenberg University,

investigated by WES and Sanger sequencing (sample A). Addition-
ally, 13 relatives of 4 families and 38 index patients of 38 unre-
lated families (sample B) were examined by Sanger sequencing.
One hundred and five healthy individuals (210 alleles), comprising
53 males and 52 females, were sequenced for the presence of

the novel PLG gene mutation as controls.

2.2 | Collection of clinical data

Clinical data were collected from the patients’ medical history and
from clinical examinations as well as follow-up records. The study
was conducted in the AOS. All subjects analyzed in this study gave
written informed consent prior to participation. The local ethics com-
mittee approved the study.

2.3 | Whole-exome sequencing

EDTA blood was collected from all study participants. All samples
were stored at -80°C. DNA was extracted from whole blood accord-
ing to standard protocols (Qiagen, Hilden, Germany). Exome
sequencing was performed as previously described.” Briefly, read
alignment was performed with BWA (v. 0.5.8) and the human gen-
ome assembly hgl9 (GRCh37) was used as reference. Single

nucleotide variants and small insertions and deletions (indels) were
detected using SAMtools (v 0.1.7) using default parameters. Further-
more, we required putative single nucleotide variants to fulfill the
following criteria: (i) median base quality of the variant bases of at
least 15; (ii) a minimum of 15% of reads showing the variant base;
and (iii) the variant base is indicated by at least 5% of reads coming
from different strands. Variant calling was performed with ANNO-
VAR Further annotation was based on several databases provided
by ANNOVAR such as UCSC, dbSNP (http://www.ncbi.nlm.nih.gov/
SNP/), Exome Sequencing Project (http://evs.gs.washington.edu/
EVS/), 1000 Genomes (http://www.internationalgenome.org/), and
the Exome Aggregation Consortium (EXAC) (http://exac.broadinsti
tute.org/). In addition, we also annotated several functional predic-
tion scores such as SIFT,” CADD,*° PolyPhen-2,** and
MutationTaster.}2

2.4 | Haplotype analysis

After the PLG gene mutation was identified by WES analysis, a num-
ber of intragenic single nucleotide polymorphisms (SNPs) were used
for haplotype analysis. We selected four SNPs flanking this mutation:
rs14224 (c.771 T/C), in codon 257; rs1130656 (c.924 C/T), in codon
314; rs13231 (c.1083 A/G), in codon 361; and rs4252125
(c.1414 G/A), in codon 472. The four SNPs occur in frequencies of
0.30-0.50 in the European population (Single Nucleotide Polymor-
phism Database; https://www.ncbi.nlm.nih.gov/snp).

2.5 | Sanger sequencing

Variant validation of the WES results was performed using PCR and
Sanger sequencing. Primers (Biomers, Ulm, Germany) that were used
for validation are as follows:

PLG-9-1 (forward) CTT AGT TTT AGT TAC TGT AGG AAC GCA
GG and PLG-9-2 (reverse) CAG GCT TTC TGA CCA CAA TAG C.
PCR was carried out in 25 pL volume containing about 40 ng geno-
mic DNA, 0.5 pL of each primer, and 12.5 pL AmpliTag Gold Master
360 Mix (ThermoFisher Scientific, Darmstadt, Germany). Samples
were proceeded in an Applied Biosystems Veriti thermal cycler
(ThermoFisher Scientific) with a standard PCR program (62°C anneal-
ing temperature, 40 cycles). PCR products were purified with the
Rapid PCR Cleanup Enzyme set (New England Biolabs, Frankfurt,
Germany) and sequenced with the BigDye Terminator v3.1 Cycle
Scientific).
sequenced products was performed on an Applied Biosystems
3500Dx Genetic Analyzer (ThermoFisher Scientific).

The presence of HAE-specific F12 gene mutations and of muta-
13,14

Sequencing kit (ThermoFisher Electrophoresis  of

tions of the SERPING1 gene was tested as described elsewhere.

2.6 | Biochemical analysis

Plasma from patients and unaffected family members was separated
by means of centrifugation of freshly collected citrated blood at
1,500 g for 10 minutes at 4°C. All samples were placed in aliquots
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and stored at -80°C. Samples were collected during symptom-free
intervals between attacks. Function and protein levels of C1-INH
and C4 were measured as described earlier.”> Plasminogen activity
was determined using a chromogenic assay: PLG is activated through
reaction with an excess of streptokinase in the presence of fibrino-
gen. The PLG-streptokinase complex is determined by the rate of
hydrolysis of the chromogenic substrate pyroGlu-Phe-Lys-pNA
(HemoslIL Plasminogen, Instrumentation Laboratory (IL), Bedford,
MA, USA).

3 | RESULTS

3.1 | Evidence of a disease-causing mutation in the
plasminogen gene in 4 families with HAE with normal
C1-INH and without specific mutations in the F12
gene (sample A)

By WES, the mutation hg19.chr6:161139762A>G; NM_000301:ex-
on9:c.A988G:p.K330E in the plasminogen gene was identified in 14
patients belonging to 4 of the 7 (57%) families (families A to D) (Fig-
ure 1). The mutation was located in exon 9 leading to the missense
mutation p.Lys330Glu (K330E) in the kringle 3 domain of the PLG
protein (Figure 2). In two healthy persons from families A and B, this
mutation was not found. Besides the families A to D (Figure 1),
three further families with symptomatic patients were included in
the WES study. The PLG gene mutation described here or any other
rare mutation in the PLG gene was not present in the WES analysis

in any of 6 examined patients.

3.2 | Pedigree analysis and Sanger sequencing in 4
families with the PLG gene mutation

The mutation found by WES was confirmed by Sanger sequencing.
Furthermore, the presence of the PLG gene mutation was deter-
mined by Sanger sequencing in 17 additional family members (13 of
them were relatives) solely out of families A to D. The mutation was
found in 6/13 relatives, 4/6 were symptomatic, and 2/6 were
asymptomatic (Figure 3). In total, 20 members of the 4 families car-
ried the PLG gene mutation, 18/20 were symptomatic, and 2/20
were asymptomatic. In family A (Figure 1), there were two asymp-
tomatic carriers of the PLG gene mutation (Ill:7 and IV:3). One of
them (IV:3) was an obligate carrier. The existence of symptom-free
mutation carriers documented an incomplete penetrance of the
mutation. In families B, C, and D, all investigated carriers of the PLG
gene mutation were symptomatic patients. In all PLG gene mutation
carriers, the genotype was heterozygous.

The pedigrees (Figure 1) reveal that the clinical HAE symptoms
occurred in 2, 3, or 4 generations, respectively, of the 4 families and
that they were transmitted as an autosomal dominant trait. The PLG
gene mutation was found in all 18 analyzed symptomatic patients in
families A to D and segregated in agreement with the clinical symp-
toms. There was no symptomatic patient who did not carry the

mutation.

-2 WILEY-2

According to the pedigrees in Figure 1, there were a total of 32

Allergy

patients with clinical symptoms of HAE-PLG. Twenty-five (78%) of
them were females and 7 (22%) males. The gender-specific rate of
females to males is 3.6-1 in those 4 families. In family D, all identi-

fied patients were females.

3.3 | Haplotype analysis: common founder effect

In families A to D, haplotypes linked to the mutant c.9886G allele
and wild-type c.9886A allele were determined (Figure 1). The same
haplotype was present in all mutant c.9886G alleles in all 14 symp-
tomatic patients of the 4 unrelated families. Hence, a founder effect,
that is, an identical origin of the c.9886A>G mutation in PLG gene,
is likely.

34 |
B)

PLG gene mutation in further families (sample

To cross-validate the results found in the 7 families analyzed by
WES and Sanger sequencing, we determined the presence of the
described PLG gene mutation in 38 index patients of 38 different
families with HAENnCl without HAE-specific F12 gene mutations
using Sanger sequence analysis. The PLG gene mutation was found
in 9/38 index patients (37.5%). Summing up over samples A and B,
the mutation was found in 27 symptomatic patients and 2 asymp-
tomatic individuals coming from 13/45 (28.9%) families. The PLG
gene mutation K330E was not present in the 105 control subjects

(210 independent chromosomes).

3.5 | Prediction scores

The variant is predicted to be benign and tolerated based on SIFT,”
CADD,*° PonPhen—2,11 and MutationTaster.'?

3.6 | Clinical symptoms

Clinical data could be obtained from 60 symptomatic patients com-
ing from 13 families with the reported PLG gene mutation and are
summarized in Table 1. Forty-seven of 60 patients had recurrent
skin and 47/60 tongue swellings (Figure 4). Most skin swellings
affected face and lips. Compared to a series of 61 patients with
HAE-FXII,®> significantly more patients with HAE-PLG had tongue
swellings and significantly less patients had facial swellings, swellings
of the extremities, and abdominal attacks (Table 2). Forty-seven of
60 patients had a total of 3.795 tongue swelling, on average 80.7
tongue swellings per patient (SD 121; range: 1 to 626). Eleven of 60
patients had exclusively recurrent tongue swellings (range: 1 to 150)
and no other clinical signs. Three hundred and thirty-one of all ton-
gue swellings (8.7%) in 23 patients were associated with dyspnea,
voice changes, and imminent asphyxiation. Two women died by
asphyxiation due to a tongue swelling with upper airway obstruction,
one woman at age 36 (lIl:3 of family A) and another woman at age
47 (IV:3 of family C). The latter woman had 160 tongue swellings
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FIGURE 1 Pedigrees of 4 families A-D, with HAE-PLG. Results of whole-exome sequencing and Sanger sequence analysis and haplotypes
linked with the mutation c.9886A>G are presented. Circle = female. Square = male. Symbols with a slash indicate deceased family members.
Filled symbols = individuals affected by recurrent angioedema. Empty symbols = symptom-free subjects

Domain PAN
NH2
Codons 103

Kringle 1 Kringle 2 Kringle 3

p.K330E

181 184 262 275 1\352 377

Kringle 4 Kringle 5 Peptidase S1

COOH

454 481 560 581 808

FIGURE 2 Schematic presentation of the plasminogen protein domains with numbering of the amino acids and localization of the here
described plasminogen gene mutation in the kringle 3 domain (UniProtKB: PO0747)

before the fatal upper airway obstruction. One woman with a severe
tongue swelling needing intubation was published in 2012.2> This
patient now turned out to carry the PLG gene mutation. An ery-
thema marginatum was not reported by any of the patients.

3.7 | Estrogen impact

In 6/43 (14%) women, the first clinical symptoms started after begin-
ning with oral contraceptives. Thirty-one women with HAE-PLG had

a total of 73 pregnancies. An onset or worsening of disease during
pregnancy was not reported.

3.8 | Treatment

Nine patients were treated 25 times in an intensive care unit for
attacks of upper airway obstruction. Intubation was required in four
patients and cricothyrotomia in two patients. One woman received

30 mg Icatibant (bradykinin-2 receptor antagonist) subcutaneously
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Sample A: Mutation detection
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Step 1:
Examination
by WES

22 subjects (20 patients, 2 non-symptomatic)

out of 7 families

I

1! 4

Results PLG gene mutation:

Yes
14 patients out of
4 families (confirmed

by Sanger sequencing)

PLG gene mutation: PLG gene mutation:
No No

2 non-symptomatic 6 patients

subjects out of the out of 3 families

same 4 families

Step 2: @

Examination Additonal 13 relatives

for PLG gene out of the same

mutation by 4 families

Sanger sequencing

I

Results PLG gene mutation:

Yes
4 patients, 2 non-

symptomatic carriers

PLG gene mutation:
No
7 subjects, all non

symptomatic

Sample B: Cross-validation

Examination

for PLG gene
mutation by
Sanger sequencing

38 index patients

out of 38 further families

d

4

Results PLG gene mutation:
Yes

9 patients

PLG gene mutation:
No
29 patients

FIGURE 3 Flowchart of plasminogen gene mutation analysis in 20 patients and 2 healthy persons (sample A) by whole-exome sequencing
and in 13 relatives and 38 index patients of further families by Sanger sequencing (samples A and B)

TABLE 1 Clinical data of patients with HAE-PLG

Description Data

Number of families with HAE-PLG patients 13

Number of patients with HAE-PLG 60

Male/female patients 13/47

Mean age at onset of clinical symptoms [y] 30.5 (SD 15.5; range: 5

to 72)

Mean duration of period of angioedema 20.6 (SD 16.8; range: 1

attacks [y] to 72)

for 33 abdominal attacks and 9 skin swellings. She reported a short-
ening of attacks to 20% compared to untreated attacks. Another
woman received Icatibant for 32 tongue swellings. On average,
symptom relief started after 10 minutes and the duration of treated
tongue swellings was shortened to 50% in the mean compared to

untreated tongue swellings. Three patients were successfully treated
for 17 abdominal attacks with plasma-derived C1-INH concentrate.
One patient received C1-INH concentrate for 3 tongue swelling with
lacking efficacy. Seven patients received low-dose short-time antihis-
tamines combined with corticosteroids for a total of 151 tongue
swellings and 137 facial swellings. This treatment was not effective.
Two patients received 3 g tranexamic acid (TXA) per day orally for
long-term prophylaxis, one man for 12 years and one woman for

4 years. Both were completely symptom-free under this treatment.

3.9 | Biochemical results

In 29 patients, mean C1-INH activity was 91% (reference range:
70%-130%) (SD 16.9%; range: 63% to 125%), C1-INH protein
26.8 mg/dL (reference range: 17-44 mg/dL) (SD 6; range: 15.4 to
43.4 mg/dL), and C4 25.7 mg/dL (reference range: 10-40 mg/dL)
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FIGURE 4 Clinical symptoms in 60 patients with HAE-PLG (filled
bars) compared to a historical series of 61 patients with HAE-FXII®

(empty bars)

(SD 8.4; range: 12.2 to 43.4 mg/dL). Plasminogen activities in three
women were 131%, 96%, and 70% (reference range: 70%-130%).

4 | DISCUSSION

Hereditary angioedema with normal C1-INH was first described in
2000.1%Y7 In approximately 30% of patients, it is associated with
mutations in the F12 gene (HAE-FXII).3>¢ Here, we report that
HAENCI can be associated also with a mutation in the PLG gene. We
identified a genetic variant in the PLG gene in patients with HAENnCI.
By whole-exome analysis the mutation was found in four families and
by Sanger sequencing in further members of those families as well as
in 9 index patients of further families. The mutation was found in a
heterozygous genotype, was transmitted as an autosomal dominant
trait, and cosegregated with clinical symptoms in patients. K330E is
extremely rare (not found in dbSNP, EXAC, or 1000 Genomes; in gno-
mAD  (http://gnomad.broadinstitute.org/) variant frequency is
1:31 591 in the European population). Comparing the frequency of
K330E in HAENCI patients with frequency in public databases and 105
unrelated controls, we assume that the variant K330E is disease-caus-

TABLE 2 Sites and numbers of attacks

Difference . .
between during the course of disease for 60
HAE-PLG HAE-FXII o patients with HAE-PLG compared to a
Affected Number of Number of Number of Number of Fisher's exact hist(?jrical series of 61 patients with HAE-
organs patients** (%) attacks (%) patients** (%) attacks (%) test FXIl
Total 60 (100) 11 552 (100) 61 (100) 9969 (100) No test
Skin
Skin (total) 47 (78.3) 5373 (46.5) 61 (100) 5846 (58.6) Pat: P = 426
Att: P < .001
Face 46 (76.7) 5032 (19.3) 61 (100) 2231 (22.4) Pat: P = .353
Att: P < .001
Hands/ 4 (6.7) 172 (1.5) 30 (49.2) 2258 (22.7) Pat: P = <.001
arms Att: P < .001
Feet/legs 2 (3.3) 169 (1.5) 31 (50.8) 1325 (13.3) Pat: P = <.001
Att: P < .001
Genitals 0 (0) 0 (0) 9 (14.8) 122 (1.2) Pat: P = .004
Att: P < .001
Other organs
Tongue 47 (78.3) 3795 (32.8) 20 (32.8) 86 (0.9) Pat: P = .009
(total) Att: P < .001
Abdomen 18 (30) 2343 (20.3) 40 (65.6) 3947 (39.6) Pat: P = .024
(total) Att: P < .001
Larynx 6 (10) 41 (0.3) 15 (24.6) 90 (0.9) Pat: P = .098
(total) Att: P = .027

HAE-PLG, hereditary angioedema (HAE) with normal C1 inhibitor and mutation in the plasminogen
gene; HAE-FXII, HAE with normal C1-INH with HAE-specific mutation in the F12 gene.

*All tests on the per-patient and per-attack basis.
**Numbers of patients do not add up to 100% because most patients had swellings at various body

sites during the course of disease.
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ing for HAE-PLG despite benign in silico prediction. Our findings indi-
cate a novel type of HAEnCI which is linked to the described mutation
in the PLG gene. The HAE type is termed HAE with normal C1-INH
and a mutation in the PLG gene (HAE-PLG).

The mutation reported here leads to an amino acid substitution
of lysin by glutamic acid in position 330 located in the kringle 3
domain in PLG. The kringle domains facilitate PLG binding to large
surfaces, for example, fibrin, bacterial proteins, cell surfaces, and
small-molecule ligands, and have a high influence on the arrange-
ment and function of PLG protein. &7

Functional mutations in the PLG gene may lead to the pheno-
type of PLG deficiency (PLGD). PLG deficiency has been classified as
hypoplasminogenemia or “true” PLGD type | and as dysplasminogen-
emia or PLGD type 11.2° Hypoplasminogenemia is autosomal reces-
sive inherited and is associated with ligneous lesions on mucous
membranes, most commonly ligneous conjunctivitis. Dysplasmino-
genemia has a normal or slightly reduced antigen and a strongly
reduced PLG activity. In dysplasminogenemia, no specific clinical
manifestation was reported.?? Angioedema was not mentioned in
patients with PLGD type | or Il. Here, we describe a mutation in the
PLG gene, which is linked to a novel phenotype. The normal PLG
activity reported here in 3 symptomatic patients with HAE-PLG
seems to indicate that the PLG gene mutation has no influence on
the PLG activity in blood plasma.

Plasminogen is a circulating zymogen that is converted to the
active enzyme plasmin by cleavage of a peptide bond. Plasmin is the
main enzyme of fibrinolysis. Fibrinolysis including plasmin seems to
be involved in the pathogenesis of HAE-C1-INH and of HAE-FXII.
This can be concluded from the effectiveness of the antifibrinolytic
agent TXA. Tranexamic acid is a competitive inhibitor of the lysine-
binding sites in the kringle domains of PLG and plasmin. It is effec-
tive in various degrees in the long-term prophylaxis in HAE-C1-
INH,?22* in HAE-FXII,?> and in HAE-PLG as mentioned in this arti-
cle. The exact mode of action of antifibrinolytics in HAE, however, is
not fully understood. It is known that an activation of the fibrinolytic
system and the generation of plasmin, for example, by recombinant
tissue PLG activator can lead to the formation of angioedema of the
tongue.2%?” In HAEnCI with and without F12 gene mutations, low
levels of PLG activator inhibitors 1 and 2 have been found, indicat-
ing a consumption by PLG activators (possibly tissue PLG activator
(tPA) and urokinase PLG activator (uPA)) and underscoring the role
of fibrinolysis.2®

In 2006, we identified two missense mutations, T328K, T328R,
and later the deletion ¢.971_1018 + 24del72 in the F12 gene, all
coding for the proline-rich region of FXII protein.>?? Recently, it was
reported that the three mutant FXIl proteins had new sites sensitive
to enzymatic cleavage by plasmin.®® The atypical cleavage of the
mutant FXIl by plasmin could lead to an increased rate of FXlla for-
mation, kallikrein-kinin system (KKS) activation, and bradykinin pro-
duction that is not properly controlled by C1-INH.

In contrast to HAE-FXII, in HAE-PLG the sensitivity of FXII for
plasmin can be expected to be normal. In HAE-PLG, the PLG is

- 2 WILEY-

changed because of one mutation in the kringle 3 domain. The gene
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mutation might lead to a structural change of the molecule that
potentially modifies the function of the mutant PLG. It may show a
higher affinity for surfaces and/or may be more accessible for activa-
tors such as tPA and uPA. The consequence might be an increased
activation of the fibrinolytic system with subsequent formation of
plasmin, activation of KKS, and increased production of bradykinin.
Furthermore, we could speculate that the amino acid substitution
(K330E) could lead to introduction of a new site in FXII protein lead-
ing to enhanced FXII activation, with consequences as described for
HAE-FXII.%°

As reported here, the bradykinin-2 receptor antagonist was
effective in a high number of attacks in two patients with HAE-PLG.
This provides evidence that bradykinin is produced in acute attacks
and may be the main mediator of edema in HAE-PLG.

The high percentage of tongue swellings in HAE-PLG patients
has not been reported for HAE-C1-INH and HAE-FXII.>3! The sever-
ity and outcome of the tongue swellings including ICU treatments as
well as emergency measures and the two asphyxiation cases empha-
size the clinical importance of HAE-PLG.

The number of women affected with HAE-PLG was more than
three times higher than males. The percentage of affected men,
however, was higher in HAE-PLG than in HAE-FXII.> Onset or
worsening of clinical symptoms after intake of oral contracep-
tives or during pregnancies is lower than in HAE-FXII.> Thus,
estrogens seem to play a less important role in HAE-PLG than in
HAE-FXII.

Limitations of this study are as follows: (i) Until now, we have no
clear information on the pathomechanism of HAE-PLG. To assess
the effect of the PLG gene mutation K330E on gene function or
organism phenotype, appropriately designed functional studies or
mutagenesis experiments will be required. (ii) The exact level of pen-
etrance could not be determined because the carrier status could
not be investigated in all relatives of patients.

The identification of HAE-PLG shows that HAENnCl comprises
at least three different types of HAE: HAE-FXII, HAE-PLG, and
HAE with a genetic background still unknown. Up to now, there
is no specific plasma test available to identify the different types
of HAEnCl. HAE-FXIl and now also HAE-PLG can be diagnosed
by genotyping. Diagnosing HAE-PLG is important because patients
have a high risk of tongue swellings including tongue swellings
with partial or, rarely, even complete upper airway obstruction.
Furthermore, it is important to determine the risk of developing
HAE-PLG also in asymptomatic members of families with HAE-
PLG because the symptoms of HAE-PLG may start nearly at any
age. The fact that patients with HAE-PLG can now be identified
by determining the basic genetic variant and thus be differentiated
from other types of HAE enables us to study the biochemical
aspects of the pathophysiology of HAE-PLG and also to develop
the urgently needed treatments for this group of patients including
studies with drugs effective in other form of bradykinin-mediated
angioedema.
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ADDENDUM

After submission of our manuscript, an abstract was published
reporting a series of 29 unrelated patients with idiopathic angioe-
dema or HAE-unknown. Two patients showed the PLG mutation
reported here.®2 Furthermore, an ltalian family with HAE and a

mutation in the angiopoietin gene was reported.®®
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