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Summary

Hereditary angioedema (HAE) is a rare disease associated with either a

quantitative or qualitative deficiency in C1-inhibitor (C1-INH) or normal

C1-INH. HAE with normal C1-INH is associated in 20% of cases with

mutations in the gene for factor XII (FXII) or FXII-HAE. A recent review

described 41 families, including 14 German and 15 Spanish families. We

have constructed a register of French patients and their characteristics. A

national survey was launched through the French National Center of

Reference for Angioedema (CREAK) to study the clinical, biological and

therapeutic characteristics of patients with HAE linked to a mutation of

FXII gene. Fifty-seven patients were identified from 24 different families. In

most cases they were young women (mean age at diagnosis: 31 years, mean

age at first symptom: 21 years, female/male ratio: 76%). Twenty-one per

cent of the patients experienced angioedema attacks only during pregnancy

or when on oestrogen contraception. Sixty-three per cent had attacks at all

times, but they were more severe during these same periods. Male carriers

of the mutation were more frequently asymptomatic than females

(P 5 0�003). C1-INH concentrate and icatibant were both effective for

treating attacks. The prophylactic use of tranexamic acid led to a 64%

decrease in the number of attacks. This is one of the largest series reported

of HAE patients with FXII mutation. The therapeutic management

appeared to be identical to that of HAE with C1-INH deficiency.
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Introduction

Hereditary angioedema (HAE) is a genetic disease linked

most often to a mutation of the gene SERPING1 encoding

the C1-inhibitor (C1-INH), with type I HAE being quanti-

tative C1-INH deficiency, and type II functional C1-INH

deficiency. Since 2000, a new form of HAE has been identi-

fied with normal C1-INH which has a similar clinical phe-

notype to HAE with C1-INH deficiency (C1-INH-HAE).

Bork et al. [1] and Binkley and Davis [2] described this

type III HAE as simultaneously affecting primarily women

and very sensitive to oestrogenic changes (pregnancy, oes-

trogen–progestin contraception, puberty, etc.). Bradykinin

is one of the main mediators implicated in these patholo-

gies [3].

In 2006 two missense mutations (p.Thr309Lys and

p.Thr309Arg) were detected for the first time in the gene

for factor XII (FXII), encoding for the ‘Hageman factor’ in

a German population [4,5]. Subsequently, several family

studies reported the presence of this symptomatic muta-

tion [4,6–9], corresponding to approximately 150 reported

cases of HAE with FXII mutations (FXII-HAE). Depending

on the series, the prevalence of the FXII mutation within

HAE families without C1-INH deficiency would be in the

order of 20–24�5% [10,11]. Other FXII mutations have

been described recently in Turkish (deletion

c.971_1018 1 24del72) and Caucasian (c.892_909dup)

families [12]. Nevertheless, the p.Thr309Lys mutation

remains the most common [6].
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Several diagnostic and therapeutic aspects need to be

clarified in the management of this type of HAE. The aim

of this study was to describe the clinical and laboratory

characteristics and the therapeutic management of patients

with FXII-HAE followed by the French National Centre of

Reference for Angioedema (CREAK).

Methods

Study design

All members of CREAK were contacted to register retro-

spectively and describe all patients followed for FXII-HAE

since 2006. All patients have or had recurrent angioedema

unresponsive to anti-histamines and without cutaneous

urticaria. They all had normal C1-INH laboratory results

(activity and concentration), along with the identification

of a mutation in the FXII gene. We collected data regarding

age, gender, family history and index case, ethnicity, age at

first symptoms and age at diagnosis, delay in diagnosis,

location, frequency and intensity of acute angioedema epi-

sodes (called ‘attacks’, characterized by AE described by the

patient or seen by a members of CREAK), treatment of

attacks and preventive treatment, treatment response and

any link with oestrogens.

Biochemical assays

Nephelometry was used to assay serum C1-INH and com-

plement C4 fraction using an automated analyser (BNII;

Siemens, Saint-Denis, France) and specific anti-sera (Sie-

mens). The laboratory results considered as normal were:

C1-INH concentration: 210–355 mg/l; C4 fraction: 100–

380 mg/l; C1-INH: activity: 17�2–27�4 U/ml.

Genetic study

All patients were genotyped at the time of diagnosis with

standardized methods. After DNA extraction and polymer-

ase chain reaction (PCR), amplification direct sequencing

was performed. Detection of the p.Thr328Lys mutation

(Sanger sequencing of exon 9 and flanking introns) con-

firmed the diagnosis.

Statistical analysis

Data were analysed with XLSTAT 2015 version 1�01 software

using non-parametric tests due to low sample size. Com-

parisons of continuous quantitative variables were made

using a Mann–Whitney U-test and correlations were deter-

mined with Pearson’s correlation coefficient. A P-value less

than 0�05 was considered as statistically significant.

Results

We found 57 patients, belonging to 24 different families,

with a mutation in the FXII gene (Table 1). The main fami-

lies are described in Fig. 1. The majority were women (46

of 57 patients, 76%) and among the symptomatic cases 36

of 38 (95%) were female. Most patients (91%) described

attacks affecting the face, the extremities (87%) and/or the

abdominal region (80%). Seventy-four per cent of patients

reported episodes affecting the ears, nose and throat

(ENT). Episodes affecting the urinary system were less

common (1�9%). When possible, the genetic study of the

family of the index case found the mutation in 42% (33

subjects) of tested subjects. However, the presence of the

mutation in these subjects was frequently asymptomatic

(19 of 33 subjects, 56%). For eight patients no family his-

tory of angioedema was found (sporadic cases in patients

3, 12, 13, 14, 16, 19, 21 and 23, Table 1) (eight of 24, 33%).

The average age of the first angioedema attack in the

index case was 21 years (range 8–40 years) with an average

delay in diagnosis of 10�6 years (range 5 0–39 years). From

the systematic genetic investigation, the average age at diag-

nosis in family members, excluding the index case, was

older than the index cases (31�4 years versus 21�6 years,

P< 0�05). The annual number of attacks varied consider-

ably from one subject to another (average 5�1 attacks in

symptomatic subjects, range 5 0–40). There was no differ-

ence in the frequency of attacks between the index cases

and symptomatic family members. The three patients who

presented the highest frequency of attacks were pregnant

during this period (patients 5–2, 6–1, 12). No deaths were

reported in this cohort. Men carrying the mutation were

more often asymptomatic than women (nine of 11 men

versus 10 of 46 women were asymptomatic, P 5 0�002). No

patient reported the appearance of erythema marginatum

prior to an attack.

Angioedema attacks were associated frequently with hor-

monal status (36 of 38 symptomatic patients, 95%). Eight

patients (21%) experienced attacks only during pregnancy

or when on oestrogen plus progestin contraception (hor-

mone dependence). While 24 patients (67%) had attacks

outside these periods, the pregnancy and/or oestrogen plus

progestin contraception exacerbated the frequency and/or

intensity of attacks (hormone sensitivity). Four patients

(two men, 1-3 and 1-7 and two women, 7-2 and 9-1) expe-

rienced attacks unrelated to oestrogens.

The main treatments for acute episodes of angio-

edema were: tranexamic acid (TA) (six patients,

13 attacks), C1-INH concentrate (Berinert
VR

) (eight

patients, 16 attacks) and icatibant (eight patients, 18

attacks), with comparable efficacy. Few patients received

long term prophylaxis, although 10 patients (26%)

received prophylactic doses of TA that seemed to be

effective, as the frequency of attacks decreased by 64%

(average number attacks prior to starting prophylactic

treatment: 8�7/year versus 3�8/year during treatment,

P 5 0�07). Two patients (8; 6-1) received long-term C1-

INH concentrate (Berinert
VR

) as a prophylactic.

Type III hereditary angioedema
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Discussion

To our knowledge, this is one of the largest series of FXII-

HAE patients. A recent recommendation [13] described 41

families with mutations in the FXII gene, including 14

Spanish and 15 German families.

As described previously in the literature, we observed a

variable penetrance of this missense mutation [11], 33�3%

of our subjects with the mutation were asymptomatic

(mainly men or prepubescent women), compared to

between 66 and 33%, depending on the study [5,13]. We

noted the absence of a family history in 14�0% of cases in

our series, similar to the series of Bork et al. [5] (five of 23

patients, 21�7%). The phenotype of FXII-HAE in our study

is close to that described in the literature (Table 2) [11],

except for angioedema affecting the extremities, which was

present less often in our cohort than in that of Bork et al.

(31 versus 62�2%, respectively, P< 0�01). In 2013, we

reported the clinical characteristics of 193 French

patients with C1-INH-HAE [14]. A comparison of FXII-

HAE and C1-INH-HAE cohorts showed that the local-

ization of the angioedema was different (Table 2). The

face was affected more frequently in FXII-HAE (38�1
versus 7% in C1-INH-HAE, P< 0�05), while the abdo-

men and ENT seem to be affected more often in C1-

INH-HAE (57�1 versus 27�1% and 8 versus 1�9%,

P 5 0�02 and 0�004, respectively). Also the age of onset

of symptoms was older in our C1-INH-HAE series of

symptomatic patients (21 versus 14 years, P 5 0�02), in

line with other C1-INH-HAE series [9–11]. The absence

of erythema marginatum could also suggest FXII gene

mutation rather than C1-INH deficiency [15]. We found

an important proportion of families from North Africa

(30 of 57 patients, 52�6%) which has not been described

previously [16] and differs from C1-INH-HAE, where

no ethnic predilection was found [14,16].
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Fig. 1. Main families with mutation in the

gene encoding for FXII. (a) Family 01; (b)

family 04; (c) family 05; (d) family 07; (e)

family 09; (f) family 10; (g) family 11; (h)

family 15; (i) family 17; (j) family 18; (k)

family 22.
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Table 1. Clinical characteristics of the 57 patients with FXII gene mutation

Patient

no.

Sex/age

(years)

Familial

origin

Age at

diagnosis

(years)

Delay in

diagnosis

(years)

Family

history

of AE

Localization

of attacks

Annual

frequency

of attacks

Sensitivity

to oestrogen

Oestrogen-

dependent

1-1 F/38 North African 36 14 Yes Face, ENT, abdominal 4 Yes No

1-2 F/16 North African 4 n.a. Yes Asymptomatic 0 n.a. n.a.

1-3 M/12 North African 4 n.a. Yes Abdominal 1 No No

1-4 M/6 North African 3 n.a. Yes Asymptomatic 0 n.a. n.a.

1-5 F/36 North African 34 25 Yes ENT, face, abdominal 6 Yes No

1-6 F/32 North African 30 15 Yes ENT, face, abdominal 4 Yes No

1-7 M/12 North African 10 4 Yes Abdominal 1 No No

2 F/37 North African 31 2 yes, not

tested

Face, cutaneous, abdominal 1 Yes No

3 F/70 Caucasian 66 39 no Face, ENT, cutaneous 3 No Yes

4-1 F/25 Caucasian 18 0 Yes Face, ENT, cutaneous, 8 No Yes

4-2 M/51 Caucasian 50 n.a. Yes Asymptomatic 0 n.a. n.a.

4-3 M/2 Caucasian 1 n.a. Yes Asymptomatic 0 n.a. n.a.

5-1 F/34 Caucasian 29 0 Yes Face, ENT, cutaneous,

abdominal

4 Yes Yes

5-2 F/56 Caucasian 52 27 Yes ENT, cutaneous, abdominal 13 Yes No

5-3 F/31 Caucasian 27 5 Yes Abdominal 4 Yes No

5-4 F/27 Caucasian 25 n.a. Yes Asymptomatic 0 n.a. n.a.

5-5 M/45 Caucasian 43 n.a. Yes Asymptomatic 0 n.a. n.a.

5-6 F/22 Caucasian 20 n.a. Yes Asymptomatic 0 n.a. n.a.

6-1 F/36 North African 33 13 Yes Face, ENT, cutaneous,

abdominal, urinary

28 Yes No

6-2 F/31 North African 27 10 Yes Face, ENT, cutaneous,

abdominal

3 Yes No

7-1 F/35 Caucasian 31 23 Yes Face, cutaneous, abdominal 2 Yes Yes

7-2 F/67 Caucasian 65 40 Yes Extremities, face 0 No No

7-3 F/6 Caucasian 6 n.a. Yes Asymptomatic 0 n.a. n.a.

8 F/35 North African 33 8 Yes, not

tested

Face, ENT, cutaneous,

abdominal

1 Yes No

9-1 F/34 North African 28 1 Yes Face, cutaneous, abdominal 3 No No

9-2 M/31 North African 29 n.a. Yes Asymptomatic 0 n.a. n.a.

9-3 M/62 North African 60 n.a. Yes asymptomatic 0 n.a. n.a.

10-1 F/39 North African 32 7 Yes Face, cutaneous 1 Yes No

10-2 M/66 North African 64 n.a. Yes Asymptomatic 0 n.a. n.a.

10-3 M/34 North African 32 n.a. Yes Asymptomatic 0 n.a. n.a.

10-4 F/36 North African 29 4 Yes Face, cutaneous, abdominal 0 Yes No

11-1 F/50 North African 45 5 Yes Face, ENT, cutaneous 1 Yes No

11-2 M/46 North African 44 n.a. Yes Asymptomatic 0 n.a. n.a.

11-3 F/72 North African 70 n.a. Yes Asymptomatic 0 n.a. n.a.

12 F/29 North African 26 1 no ENT, face, abdominal, cuta-

neous, bladder

40 Yes No

13 F/54 Caucasian 48 34 no Face, ENT, cutaneous,

abdominal, bladder

3 Yes No

14 F/38 Caucasian 37 8 no Face, ENT 1 Yes No

15-1 F/25 Caucasian 19 1 Yes Face, bladder, abdominal 1 Yes Yes

15-2 F/22 Caucasian 18 n.a. Yes Asymptomatic 0 n.a. n.a.

16 F/25 North African 24 8 no Face, cutaneous, ENT,

abdominal

2 Yes No

17-1 F/43 Caucasian 38 15 Yes Face, ENT, cutaneous,

abdominal

0 Yes No

17-2 F/38 Caucasian 36 n.a. Yes Asymptomatic 0 n.a. n.a.

18-1 F/41 Caucasian 33 4 Yes Face, ENT, cutaneous,

abdominal

6 Yes No

18-2 F/14 Caucasian 12 n.a. Yes Asymptomatic 0 n.a. n.a.

Type III hereditary angioedema
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The oestrogen-dependent nature of FXII-HAE is strik-

ing. This corresponds with the observation that, among

symptomatic subjects, only 5% were males compared with

95% females (P< 0�001). Most attacks (89�5%) were asso-

ciated with hormonal changes (pregnancy, menstruation,

menopause, oestrogen-progestin contraception). Bork et al.

[11] demonstrated the influence of oestrogens in the

pathogenesis of FXII-HAE; the first attack was triggered by

an oestrogen plus progestin contraceptive, taken in 63% of

cases, or during pregnancy (12%). Nevertheless, patients

can develop symptoms outside the context of hyperoestro-

genism [15]. The obstetric complications described in three

families with FXII mutations [17,18] were reported in one

of our patients with the birth of a stillborn during a second

pregnancy.

Regarding prophylactic therapy, we noted the efficacy of

tranexamic acid (median dose of 2 g/day) in the prevention

of recurrent attacks of FXII-HAE (64% reduction in the

number of attacks, P 5 0�07) without reported side effects.

Tranexamic acid is a competitive inhibitor of plasmin acti-

vation and of plasminogen, leading to a decrease in the

degradation of fibrin and thus of natural fibrinolysis.

Joseph et al. [19] showed recently that FXII-HAE

patients were deficient in PAI-2, an inhibitor of plas-

minogen cleavage. We plan to analyse the PAI-2 levels

in our FXII-HAE cohort. Furthermore, in a previous

retrospective study we showed that progestin was an

interesting background therapy for patients with all

types of HAE [20] (the introduction of progestin in 10

FXII-HAE patients resulted in the disappearance of AE

attacks). During an acute attack in our FXII-HAE

patients, treatment with C1-INH concentrate appears to

be as effective as icatibant, despite normal levels of C1-

INH. The control of the kallikrein–kinin pathway by

C1-INH appears to be concentration-dependent and

without a plateau effect. This is in line with reports in

the literature and is reflected in the international rec-

ommendations [13,21]. Moreover, C1-INH concentrate

has been validated in pregnant women and for minor

patients whereas icatibant was not validated.

Table 1. Continued

Patient

no.

Sex/age

(years)

Familial

origin

Age at

diagnosis

(years)

Delay in

diagnosis

(years)

Family

history

of AE

Localization

of attacks

Annual

frequency

of attacks

Sensitivity

to oestrogen

Oestrogen-

dependent

18-3 F/11 Caucasian 10 n.a. Yes Asymptomatic 0 n.a. n.a.

18-4 F/38 Caucasian 36 n.a. Yes Asymptomatic 0 n.a. n.a.

19 F/30 Caucasian 26 14 no Face, ENT, cutaneous,

abdominal

2 Yes No

20-1 F/35 Caucasian 33 14 Yes Face, ENT, cutaneous 0 Yes Yes

20-2 F/40 Caucasian 38 3 Yes ENT, abdominal 0 Yes Yes

21 F/28 Caucasian 27 10 No Face, cutaneous 3 Yes Yes

22-1 F/19 North African 18 0 Yes Face, cutaneous, ENT 3 Yes Yes

22-2 F/52 North African 51 28 Yes Face, cutaneous 0 Yes Yes

22-3 F/48 North African 47 25 Yes Face, cutaneous 2 Yes Yes

22-4 F/22 North African 21 4 Yes Face, cutaneous 3 Yes No

23 F/41 North African 40 22 no Face, ENT, cutaneous,

abdominal

4 Yes Yes

24-1 F/30 North African 25 12 Yes Face, ENT, cutaneous,

abdominal

4 Yes No

24-2 F/50 North African 46 25 Yes Face, bladder, abdominal 0 Yes No

ENT 5ears, nose and throat; n.a. 5 not available; F 5 female; M5 male.

Table 2. Localization of angioedema (AE) attacks in the 57 patients over 1 year, compared to literature data for AE with FXII mutation [11] and

AE with C1-inhibitor (C1-INH) deficiency from the French National Center of Reference for Angioedema (CREAK) database published in 2013

[14]

Sites FXII-HAE in this study FXII-HAE in the German study [11] C1-INH-HAE in the French study [14]

Face 123 (38�1%) 1506 (37�0%) 39 (7%)

ENT 6 (1�9%) 167 (2�6%) 45 (8%)

Abdomen 88 (27�1%) 2267 (34�6%) 324 (57�1%)

Extremities 100 (31%) 2530 (62�2%) 241(42�5%)

Bladder 6 (1�9%) 27 (0�7%) n.a.

Total of all attacks 323 (100%) 6547 (100%) 568 (100%)

ENT 5ears, nose and throat; n.a. 5 not available.

A. Deroux et al.

336 VC 2016 British Society for Immunology, Clinical and Experimental Immunology, 185: 332–337



Conclusion

We describe one of the largest cohorts, to our knowledge,

of FXII-HAE patients. The specific clinical features are pre-

dominant expression in women, major sensitivity to oes-

trogens and attacks that often affect the face and ENT.

Specific treatments of bradykinic angioedema (icatibant,

C1-INH concentrates and tranexamic acid) and non-

specific treatments (such as progestin) are effective in these

patients.
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