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Angioedema and estrogen-dependent angioe-
dema with activation of the contact system

To the Editor:
Angioedema attacks occurring in hereditary or acquired defi-

ciency of the C1 esterase inhibitor (C1-INH) present together
with uncontrolled activation of the contact system.1 The contact
system consists of Factor XII, prekallikrein, and high-
molecular-weight kininogen (HMWK). Activation of the contact
system generates activated Factor XII (Factor XIIa), which trans-
forms prekallikrein into kallikrein, which in turn cleaves bradyki-
nin from HMWK. Bradykinin causes vasodilatation through
binding to bradykinin B2 receptors. Bradykinin is short-lived
and is essentially inactivated by kininases I and II. C1-INH defi-
ciency favors unchecked protease activity of Factor XIIa and
kallikrein, leading to HMWK cleavage.

Recently, a novel type of angioedema has been described in
women.2,3 Clinical symptoms resembled those seen in C1-INH
deficiency, but C1-INH was found to be normal in concentration
and function. Two forms were tentatively characterized.4 The first
type is called estrogen-dependent angioedema and has a clear fa-
milial component, with symptoms occurring only during preg-
nancy, oral contraceptive use, or estrogen replacement therapy.
The second type, also affecting women, is tentatively named
estrogen-associated angioedema and also has a strong familial
component, but several of the patients with this type experienced
angioedema attacks unrelated to oral contraceptive use or preg-
nancy. A mutation in exon 9 of the gene coding for Hageman fac-
tor (XII) was described recently in several German families and
1 French family with estrogen-dependent angioedema.5,6 This
mutation was shown to be associated with an important gain in
function of Factor XII.6

We studied 4 female patients who had been found to have a
decrease in residual kallikrein activity during angioedema at-
tacks. Citrated plasma and serum samples had been frozen during
and between angioedema episodes. All 4 women were taking
estrogen-containing oral contraceptives at the time of the angi-
oedema attacks. Patients 1 and 4 had repeated angioedema attacks
over a 30-year period. Both experienced angioedema of the
pharynx or localized angioedema of a limb. Some episodes were
related to local trauma or upper respiratory tract infections.
Patient 1 also had angioedema during a pregnancy and 2 episodes
of ileus and ascites. A maternal aunt of patient 1 suffocated
because of upper respiratory tract obstruction at the age of 20
years. Patients 2 and 3 had angioedema episodes over a 2-year
period. Their angioedema episodes improved after surgical
treatment of dental root inflammation.

Serum levels of C1q were defined by radial immunodiffusion,
and C4, C3, and C1-INH levels were determined by means of
FIG 1. HMWK immunoblot using an anti–heavy chain mAb with normal human plasma Ca (1 strong band at

about 130 kd), glass-activated plasma Cb (additional bands at 115 kd and 100 kd), and HMWK-deficient

plasma Cc (no protein band is detected) and immunoblots with patient plasma samples taken during angi-

oedema episodes of patient 1 (1a and 1b), patient 2 (2a and 2b), patient 3 (3a), and patient 4 (4a and 4b). h,

Time in hours after start of edema. Except for episode 1a, all the episodes show total (1b, 2a, 3a, 4a, and 4b)

or partial (2b) cleavage of HMWK.
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TABLE I. Complement and contact system values of patients 1, 2, 3, and 4 during angioedema episodes

Patient 1 Patient 2 Patient 3 Patient 4

Episode 1a 1b 2a 2b 3a 4a 4b Normal values

Time after start of angioedema 9 h 5 h PA 9 h 14 h 33 h 3 h 1 h

C1q ND 98 ND ND 127 111 100 ND 5-25 mg/dL

C4 19 22 15 15 20 16 37 45 15-30 mg/dL

C3 78 78 119 95 103 126 91 133 80-140 mg/dL

C1-INH antigen 12 14 28 19 19 22 14 18 15-24 mg/dL

C1-INH F 50% 53% 100% 32% 45% 69% 74% 95% 70% to 130%

Kallikrein F 65% 106% 100% 30% 67% 111% 104% 104% 80% to 120%

h, Time in hours after the beginning of angioedema; PA, protracted angioedema; ND, not done; F, activity.
FIG 2. Diagram showing contact system components and their main interactions. Activation of Factor XII

(F XII) generates Factor XIIa (FXIIa), which transforms prekallikrein into kallikrein, which in turn cleaves bra-

dykinin from HMWK. HMWK cleavage by kallikrein at sites 1 and 2 generates bradykinin and a 103-kd moi-

ety, and further cleavage at site 3 results in an HMWK moiety of 96 kd. Interaction of bradykinin with the B2

receptor leads to vasodilatation. —/, activation or cleavage; a, inactivation or degradation. C1-INH inac-

tivates Factor XIIa and kallikrein. Kininases I and II inactivate bradykinin.
nephelometry with specific antisera. After activating prekalli-
krein, kallikrein activity was determined by using an amidolytic
assay with the substrate benzoyl-prolyl-phenylalanyl-arginine-4-
nitranilide (Chromozym P.K.; Roche Applied Science, Basel,
Switzerland). C1-INH activity was determined by measuring its
capacity to inhibit the transformation of a chromogenic substrate
by C1-esterase (Berichrom C1-Inhibitor; Siemens Medical Solu-
tions, Erlangen. Germany). Kallikrein activity and C1-INH activ-
ity are given as the percentage of standard plasma levels. HMWK
cleavage was analyzed by immunoblotting human plasma with a
previously described mouse mAb directed at the heavy chain of
HMWK.7 The pattern of reactivity of this mAb with normal
plasma, contact-activated plasma, and kininogen-deficient plasma
(Fitzgerald trait; Sigma, St Louis, Mi) is shown in Fig 1 under
‘‘Control.’’ Intact glycosylated HMWK with a molecular weight
of 120 kd (here with an apparent molecular weight of 130 kd) is
first cleaved by kallikrein to a 103-kd molecule (here 115 kd)
with liberation of bradykinin and then cleaved to a moiety of 96
kd (here apparent 100 kd).8 Exon 9 of Factor XII was amplified
and sequenced to test for the mutation at position 1032 in exon
9. Oligonucleotide primers were designed on the basis of the
DNA reference sequence D0119. Primers F12for (59GAACCCG
GACAACGACATCCGCC) and F12rev (59ACAGACTCTTGCG
GAGCCGCTG) amplified a 407-base-pair fragment of exons 9
and 10. Complement levels, as well as C1-INH and kallikrein
activity values, are shown in Table I. Results of HMWK immuno-
blotting are shown in Fig 1. In all patients HMWK is completely or
almost completely cleaved during angioedema attacks. This sug-
gests that contact system activation with HMWK cleavage and
bradykinin liberation leads to angioedema attacks. In patient 1 se-
quencing of exon 9 showed the presence of a C 1032 to A mutation
responsible for a threonine to lysine change in position 309 of Fac-
tor XII. This mutation has been described in estrogen-dependent
angioedema and found to be associated with a gain-of-function
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mutation of Hageman factor.5,6 Patients 2, 3, and 4 did not have
this mutation.

The 4 patients had normal C1-INH values at baseline, and
values of the early complement components C1q, C4, and C3
were normal during the angioedema episodes. These findings
are strong evidence against congenital or acquired C1-INH
deficiency. During several episodes of angioedema, the patients
had evidence of contact system activation, which was charac-
terized by a decrease in kallikrein function and cleavage of
HMWK. The attacks were commonly accompanied by de-
creased C1-INH function, as measured by a decreased capacity
to inhibit the cleavage of a chromogenic substrate by C1-
esterase. C1-INH levels remained normal when tested by means
of nephelometry.

Because the patients showed no sign of C1-INH deficiency in the
normal state, it can be assumed that contact system activation is the
primary pathogenic event in their angioedema attacks (Fig 2). It is
of interest to note that patient 1 was found to have the threonine to
lysine mutation at position 309 of Factor XII described with estro-
gen-dependent angioedema. This mutation was correlated with a
considerable increase in activity of Factor XII. These data docu-
ment that contact system activation occurred during angioedema at-
tacks in patient 1 with estrogen-dependent angioedema. The other 3
patients did not have this mutation in Factor XII; however, angioe-
dema attacks happened while they were taking estrogen-containing
oral contraceptives. The worsening effect of estrogens on hereditary
angioedema has been described by several authors.2-4 In women
taking oral contraception, there is an increase in Factor XII, prekal-
likrein, and HMWK values and a decrease in C1-INH levels.9

Because these known estrogen-related effects are insufficient to ex-
plain contact system activation and angioedema attacks in these
women, other genetic or nongenetic factors that played a triggering
role remain to be investigated.
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