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Abstract

Background: Hereditary angioedema (HAE) with normal C1
inhibitor (C1-INH) is a rare disorder. Mutations of the gene
encoding coagulation factor Xl have been identified in a
subset of patients with this condition. Our aim was to inves-
tigate mutations in the F12 gene in patients with HAE with
normal C1-INH from Brazil. Methods: We studied 5 Brazilian
families with index female patients who presented with re-
current angioedema with normal C1-INH and C4 levels. Ge-
nomic DNA was isolated from whole blood and PCR was per-
formed. Mutations were detected by the sequencing of
exon 9 of the F12 gene and allelic discrimination. Results:
The c.983C>A (p.Thr328Lys) mutation was identified in 16
subjects, from 4 of the 5 families studied, including 8 pa-

tients with symptoms of HAE with normal C1-INH (87.5%
women) and 8 subjects asymptomatic for HAE (25% wom-
en). Mean age at onset of symptoms among the FXII-HAE
patients was 13.8 years (range 6-25 years). Recurrent ab-
dominal pain (100%) and subcutaneous angioedema
(87.5%) were the most frequent clinical presentations. Two
patients presented with associated laryngeal edema. In
keeping with previous observations in patients with both
C1-INH-HAE and HAE with normal C1-INH, all 7 women with
FXII-HAE reported triggering or worsening of symptoms
upon intake of estrogen-containing oral contraceptives
and/or pregnancy. Conclusions: We report for the first time
in Brazil a mutation in the F12 gene as a likely cause of HAE
with normal C1-INH in patients with recurrent attacks of an-
gioedema and/or abdominal pain. A higher frequency of ab-
dominal pain attacks and onset of symptoms at a younger
age were observed among Brazilian patients when com-
pared to those from other parts of the world.
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Introduction

Hereditary angioedema (HAE) is an autosomal domi-
nant disorder characterized by edema of the skin, gastro-
intestinal tract and other organs. Clinically, it is charac-
terized by episodes of swelling of the face, extremities and
larynx, and recurrent attacks of severe abdominal pain
[1-4]. The pathogenesis of classic HAE develops as a re-
sult of a genetic deficiency of the C1 inhibitor (C1-INH),
a potent inhibitor of activation of the complement, co-
agulation and kinin pathways [5]. C1-INH deficiency re-
sults in activation of the kallikrein-kinin pathway with an
increase in bradykinin production [6]. It has been docu-
mented that an increased release of bradykinin is the
cause of angioedema via its action on B2 receptorsleading
to an increase in vascular permeability [5, 6].

More recently, a dominantly inherited disease has
been described that has similar clinical characteristics to
C1-INH-HAE, but is without abnormalities in antigenic
and/or functional levels of C1-INH and has no mutation
in the SERPINGI gene [7-9]. Two missense mutations,
distributed across families with affected patients, were
initially identified, located in exon 9 of the gene coding
for coagulation factor XII (FI12 gene). These mutations
were designated as ¢.983C>A and ¢.983C>G, correspond-
ing to p.Thr328Lys and p.Thr328Arg, respectively, in as-
sociation with HAE with normal C1-INH [10]. In the last
few years, two additional mutations in the FI12 gene also
located in exon 9 have been reported in patients with
HAE: a deletion of 72 base pairs (bp, i.e. ¢.971_1018 +24
del72) [11] and a duplication of 18 bp (p.Pro298_
Pro303dup) [12]. Initially known as HAE type III, HAE
with normal C1-INH is currently classified into two sub-
groups: HAE with normal C1-INH and factor XII muta-
tion (FXII-HAE) and HAE with normal C1-INH of un-
known origin (U-HAE) [2]. To date, mutations in the F12
gene with a disease-causing role in HAE with normal C1-
INH have not been reported in Brazilian patients. There-
fore, the aim of this study was to investigate the presence
of F12 mutations in Brazilian patients with clinical char-
acteristics of HAE with normal C1-INH.

Subjects and Methods

Subjects

Twenty-three individuals belonging to 5 unrelated families
(Families 1-5) with index cases of female patients who presented
with a history of recurrent angioedema with normal levels of C1-
INH and C4 were evaluated. Index patients from Families 4 and 5
also had normal functional activity of C1-INH; however, this pa-
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rameter was not available for patients from Families 1-3. Patients
were selected from those attending the Allergy Clinic of the Clini-
cal Hospital of Ribeirdo Preto Medical School or had been referred
to our HAE Reference Center for clinical evaluation and/or ge-
netic analysis. Information on an additional 31 subjects was ob-
tained from close family members. Subjects aged between 18 and
71 years (15 females) were interviewed and underwent analysis for
mutations in the F12 gene. Family pedigrees were constructed with
54 individuals distributed across up to four generations. Genetic
evaluation was carried out in 10 members of Family 1, 4 members
of Family 2, 3 members of Family 3, 4 members of Family 4 and 2
members of Family 5. The study was approved by the Ethics Com-
mittee of the Clinical Hospital of the Ribeirdo Preto Medical School
(Protocol No. 14521/2012), and all subjects or their caregivers gave
written informed consent to participate in the study.

HAE Severity Score

A simplified HAE severity score was used, according to a previ-
ously described method [13]. Briefly, episodes of angioedema were
classified according to the average frequency and intensity of
symptoms before any treatment was started. The frequency of
symptoms was quantitated as follows: 3 points for >1 episode a
month, 2 points for between 6 and 11 episodes a year, 1 point for
<6 episodes a year and 0 points for no symptoms of angioedema.
The intensity of symptoms was defined as: the presence of discom-
fort but no disruption of daily activity (2 points), discomfort re-
ducing normal daily activity (4 points) and an inability to work or
perform daily activities and/or necessity of hospital care (5 points).
The sum of the frequency and intensity scores was used to classify
the severity of the disease as: severe (=7 points), moderate (5/6
points), mild (<4 points) and asymptomatic (0 points) [13].

Genetic Analysis

Genomic DNA was extracted from peripheral blood using the
DNA Wizard genomic DNA purification kit (Promega, Madison,
Wisc., USA), and the F12 gene was screened for mutations in exon
9. Sequencing of a PCR-amplified 363-bp DNA fragment compris-
ing exon 9, intron 9 and part of exon 10 of the F12 gene was carried
outin 23 individuals. PCR products were purified by the EXOSAP-
IT PCR product cleanup (Affymetrix, Cleveland, Ohio, USA) and
sequenced using an ABI Prism 3500XL Genetic Analyzer (Applied
Biosystems, Foster City, Calif., USA) and the BigDye™ Termina-
tor V3.1 cycle sequencing kit (Applied Biosystems).

Allelic Discrimination

The ¢.983C>A (p.Thr328Lys) mutation was also screened by al-
lelic discrimination. Sequence-specific primers and fluorogenic
probes marked with FAM and VIC fluorophors were chosen with
File Builder v3.1 software (Applied Biosystems). Genotyping for
mutation ¢.983C>A (p.Thr328Lys) was performed using a
TagMan-based allelic discrimination assay (Applied Biosystems), in
10-pd reaction volumes. Allelic discrimination results were obtained
from an Applied Biosystems 7700 sequence detection system.

Levels of C1-INH and C4

Serum levels of C1-INH and C4 were determined by nephe-
lometry (Dade Behring, Newark, Del., USA), with normal values
ranging from 0.21 to 0.39 g/l and 0.1 to 0.4 g/1, respectively. Func-
tional activity of C1-INH was assessed in outside clinical pathol-
ogy laboratories, with normal values considered to be 80-130%.
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Fig. 1. Pedigrees of 5 Brazilian families with index patients who
presented symptoms suggestive of HAE with normal CI1-INH.
Mutation p.Thr328Lys on exon 9 of the gene coding for coagula-

Results

Identification of DNA Mutation

The missense mutation ¢.983C>A (p.Thr328Lys) of
the F12 gene was identified in 16 subjects, belonging to 4
of the 5 families studied. Subjects with the p.Thr328Lys
mutation included 8 patients with symptoms suggestive
of HAE with normal C1-INH (7/8 women, 87.5%) and 8
subjects asymptomatic for HAE (2/8 women, 25%; fig. 1).
The index patient in Family 5 (patient II.1) and her moth-
er did not present the c.983C>A mutation. The results of
sequencing analysis were confirmed by allelic discrimina-
tion.
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tion factor XII (F12 gene) was identified in index cases and family
members of 4/5 Brazilian families with suspected hereditary angio-
edema with normal C1-INH, analyzed by DNA sequencing.

Clinical Features

Mean age at onset of symptoms among the 8 patients
with FXII-HAE was 13.8 years (median 14 years), rang-
ing from 6 to 25 years. Recurrent abdominal pain (8/8
patients, 100%) and subcutaneous angioedema (7/8 pa-
tients, 87.5%) were the most frequent clinical presenta-
tions of the disease. Two patients (25%) presented with
associated laryngeal edema. All 7 women with FXII-
HAE reported a triggering or worsening of symptoms
upon intake of estrogen-containing oral contraceptives
and/or pregnancy (table 1). As an example, we report the
clinical features of patient I.2 from Family 4, an 18-year-
old female with episodes of facial angioedema and severe
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Table 1. Clinical characteristics of patients and their relatives analyzed for mutations in exon 9 of the gene coding for coagulation factor

XII
Sex  Age, Ageatonset  Symptoms Clinical Estrogen Prophylactic Mutation
years of symptoms, score® sensitivity®  treatment c.983C>A
years (p.Thr328Lys)

Family 1

1.2 F 51 25 face, limb, abdominal attack moderate yes tranexamic acid yes

1.3 M 49 n.a. asymptomatic asymptomatic n.a. n.a. yes

115 M 45 n.a. asymptomatic asymptomatic n.a n.a. yes

IL11 M 32 n.a. asymptomatic asymptomatic n.a. n.a. yes

II1.2 M 28 n.a. asymptomatic asymptomatic n.a. n.a. no

1114 F 25 15 face, limb, abdominal attack moderate yes withdrawal of OC yes

I1L.6* F 29 17 face, limb, abdominal attack, severe yes danazol yes
upper respiratory tract

II1.7 M 26 n.a. asymptomatic asymptomatic n.a. n.a. yes

Family 2

1.2 F 56 n.a. asymptomatic asymptomatic no none yes

1.4 F 53 n.a. asymptomatic asymptomatic no none yes

IIL.1? F 28 12 limb, abdominal attack moderate yes withdrawal of OC yes

112 F 27 13 limb, abdominal attack moderate yes withdrawal of OC yes

Family 3

I.1 M 59 n.a. asymptomatic asymptomatic n.a. n.a. yes

1.2 F 61 n.a. asymptomatic asymptomatic n.a. n.a. no

11.3* F 27 7 face, limb, abdominal attack, severe yes tranexamic acid yes
upper respiratory tract

Family 4

L1 M 46 n.a. asymptomatic asymptomatic n.a. n.a. yes

L2 F 46 n.a. asymptomatic asymptomatic n.a. n.a. no

1.1 M 22 6 abdominal attack moderate na. none yes
(up to the age of 15 years)

11.22 F 18 16 face, limb, abdominal attack severe yes withdrawal of OC yes

Family 5

1.2 F 64 25 limb, face mild no none no

.13 F 45 33 face, limb, abdominal attack, severe yes danazol (a high dose  no

upper respiratory tract

of 400-600 mg/day)

None of the patients was on hormone replacement therapy. ‘Asymptomatic’ describes patients without symptoms suggestive of HAE. OC = Oral con-

traceptives containing estrogen; n.a. = not applicable.
2 Index case.
b According to Ferraro et al. [13].

¢ Yes: triggering and/or worsening symptoms upon estrogen exposure including use of OC or pregnancy, or remission of symptoms upon withdrawal
of OC or the end of pregnancy. No: no effect of estrogen exposure on triggering and/or worsening of symptoms.

abdominal pain (table 1; fig. 1, 2). Symptoms had started
when she was 16 years old, 15 days after initiation of use
of estrogen-containing oral contraceptive. Ultrasonog-
raphy and laparoscopy showed ascites during a severe
episode of abdominal pain. A diagnosis was made 11
months after the onset of symptoms, and control of the
symptoms was achieved by withdrawing the oral contra-
ceptive. Her 22-year-old brother (patient II.1, table 1;
fig. 1) reported having had episodes of abdominal pain
during childhood. One of these episodes was severe, re-
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quiring admission to the hospital due to the suspicion of
an acute abdominal condition. He has been asymptom-
atic since the age of 15 years. Patient II.1 from Family 5
posed a clinical challenge, due to the lack of an F12 mu-
tation. Despite extensive investigation and a variety of
therapeutic strategies, it was not possible to define the
etiopathogenesis of her severe symptoms of angioedema.
The decision to treat her with danazol was based on the
hypothesis she could have HAE with normal C1-INH,
and several criteria were used: (1) a history of recurrent

Int Arch Allergy Immunol 2015;166:114-120 117
DOI: 10.1159/000376547

1 Biomed. Tor Vergata



http://dx.doi.org/10.1159%2F000376547

d Apr. 16th 10:47 p.m. e

b Apr. 15th 09:45 p.m. ' c

Apr. 16th 00:50 a.m. £

Apr. 15th 10:44 p.m.

Apr. 16th 01:06 a.m.

Fig. 2. Clinical presentation of HAE with normal C1-INH. a Onset of an attack of angioedema in an 18-year-old
girl with HAE with normal C1-INH. b-f Time course of angioedema of lips and face.

angioedema episodes without urticaria, including laryn-
geal edema and abdominal pain attacks lasting 2-5 days,
(2) her family history, i.e. a mother with recurrent face
and limb edema without urticaria and no identifiable
triggers, (3) a comprehensive work-up, with exclusion of
other diagnoses, (4) normal levels and function of C1-
INH and normal C4 levels on several occasions and (5)
no response to long-term, high-dose antihistamines and
daily corticosteroids. These criteria have been proposed
to help clinicians diagnose patients with HAE with nor-
mal C1-INH by the latest European Academy of Allergy
and Clinical Immunology HAE consensus report [2].
With regard to our choice of treatment, there was no re-
sponse to tranexamic acid in our patient. The use of da-
nazol was a tentative investigation into the efficacy of a
response to a more potent HAE prophylactic medication
and at the beginning of treatment, she responded only to
high doses (400-600 mg daily); now she has control of
her symptoms with 200 mg/day. Danazol has been
shown to increase C1-INH messenger RNA expression
in the peripheral blood mononuclear cells of HAE pa-
tients, even in the absence of a significant increase of C1-
INH plasma levels [14]; however, the C1-INH level and
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function were normal in our patient. Low plasma activ-
ity of aminopeptidase P (APP), a major metallopeptidase
involved in kinin inactivation, particularly of the des-
Arg9-bradykinin active metabolite, has been observed in
the majority of patients with HAE, and APP activity
showed an inverse correlation with disease severity [15].
Interestingly, danazol has also been shown to increase
plasma APP activity in patients with HAE receiving pro-
phylaxis with this attenuated androgen when compared
to untreated patients [15]. It is possible that an increase
in APP activity, contributing to more effective kinin in-
activation, could be the mechanism by which danazol
was beneficial to our patient.

Discussion

We report here the identification of the mutation
c.983C>A (p.Thr328Lys) in exon 9 of the F12 gene, in pa-
tients presenting with clinical features of HAE with nor-
mal CI1-INH belonging to 4 Brazilian families. Family
members with the F12 gene mutation in the absence of
symptoms suggestive of HAE could also be identified.
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These observations confirm the hereditary nature of this
condition in our patients, and are in keeping with previ-
ous reports of a higher frequency of clinical disease among
women, notably in association with increased estrogen
exposure, as has already been described for C1-INH-
HAE [9, 16]. In this context, genetic analysis was very
helpful in facilitating a correct diagnosis and appropriate
clinical management of most of our patients. In particu-
lar, our results reinforced the indication of medicines for
the prophylaxis of HAE (e.g. danazol and tranexamic
acid) and the recommendation of withdrawal of estro-
gen-containing oral contraceptives. In addition, confir-
mation of the diagnosis of FXII-HAE prompted us to pre-
scribe HAE-specific medications for acute attacks, de-
spite the knowledge that medications licensed for HAE
are restricted to C1-INH-HAE, and that their use in oth-
er forms of angioedema is off-label [2]. Nonetheless, sev-
eral case reports have shown success in treating acute at-
tacks of angioedema in patients with HAE with normal
C1-INH with icatibant, ecallantide and C1-INH concen-
trate [2, 9]. Due to the life-threatening nature of the con-
dition, we chose to indicate icatibant, the only HAE med-
ication available in Brazil at the time of enrollment, as the
medication for acute attacks.

The p.Thr328Lys had been previously identified in
families with patients presenting with HAE with normal
C1-INH from other parts of the world, particularly
Europe [10, 17-23]. Patients who participated in our
study and their relatives gave negative responses when
asked about European or other foreign ancestry. How-
ever, we cannot rule out the possibility of a genetic input
due to European or other ancestry, considering the fact
that the population in Brazil is highly mixed [24, 25]. To
our knowledge, there are no published studies reporting
F12 gene mutations in Brazilian patients with HAE with
normal C1-INH. This study underscores the fact that ge-
netic analysis would be the only method to confirm the
diagnosis of HAE with normal C1-INH, identifying pa-
tients with FXII-HAE. This method may, however, not be
readily available to the practising allergist/immunologist
in some areas of the world.

It is assumed that C1-INH-HAE and HAE with nor-
mal C1-INH have similar clinical behavior, with bradyki-
nin as the key mediator of angioedema in these two con-
ditions [9, 26]. Affected women often get worse when on
estrogen-containing medication or during pregnancy
[26], and symptoms show no improvement with antihis-
tamines and corticosteroids in both C1-INH-HAE and
HAE patients with normal C1-INH [9]. However, a few
clinical differences have been reported between patients

FI12 Mutation in Brazilian Families with
HAE with Normal C1-INH

with HAE with normal C1-INH and those with C1-INH-
HAE, including: fewer attacks with more attack-free in-
tervals, more frequent occurrence of cutaneous, facial,
tongue and uvula edema and of asphyxiation by laryn-
geal attacks, a lower percentage of recurrent abdominal
pain attacks (in approx. 50% of patients) [9, 26], no pro-
dromical erythema marginatum and onset of symptoms
atan older age (mean 27 years) [9, 16]. Patients with HAE
who participated in our study presented most of these
characteristics, with the exception of a higher frequency
of abdominal pain attacks (observed in 100% of the pa-
tients) sometimes associated with the presence of ascites,
and an earlier onset of symptoms (mean 13.8 years). A
relevant observation was that one child presented with
recurrent abdominal pain as the only symptom of FXII-
HAE, and some patients’ symptoms started with abdom-
inal attacks in childhood, as has been described for C1-
INH-HAE patients [13, 27]. Therefore, our data provide
support for a recommendation that both C1-INH-HAE
and HAE with normal C1-INH should be included in the
differential diagnosis of recurrent abdominal pain, par-
ticularly in patients with a positive family history of
angioedema.

In conclusion, we have described the identification of
the FXII mutation p.Thr328Lys in Brazilian patients with
HAE with normal C1-INH. Although our study included
only a small number of patients, the results suggest that
clinical aspects among Brazilian patients may differ from
those reported in other areas of the world, including a
higher frequency of abdominal pain attacks and onset of
symptoms at a younger age. Patients with U-HAE remain
a challenge in clinical practice. However, their clinical
features resemble those of C1-INH HAE and FXII-HAE
patients, including recurrent episodes of subcutaneous
edema without urticaria, abdominal pain and laryngeal
edema, poor or no response to treatment with antihista-
mines and corticosteroids, a family history suggestive of
HAE and the triggering and/or worsening of symptoms
with exposure to estrogen. Provided other conditions
have been excluded, such clinical features should prompt
the assisting physician to consider treatment with HAE-
specific agents both for acute attacks and prophylaxis. In
fact, the recent consensus document on HAE [2] cites C1-
INH agents, icatibant, ecallantide, progesterone, danazol
and tranexamic acid as potential therapeutic options for
U-HAE and FXII-HAE patients. It would be desirable to
have controlled studies to support clinical decisions. Cer-
tainly, future studies will be necessary to identify the mo-
lecular pathways involved in causing symptoms in pa-
tients with U-HAE.
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