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Cl-inhibitor deficiency results in bouts of mucocutaneous edema and may be inherited
(hereditary angioedema) or acquired (acquired angioedema [AAE]). The two forms have the
same clinical picture but differ in the response to treatment. Prophylaxis with antifibrinolytic
agents produces better results in the acquired form than in the inherited form, in which
androgen derivatives are more effective. It is hypothesized that activation of the contact and
fibrinolytic systems is involved in the pathogenesis of attacks. We evaluated these two systems in
plasma from eight patients with AAE and anti-Cl-inhibitor autoantibodies (autoimmune AAE)
by measuring the cleavage of high molecular weight kininogen and the complexes formed by
plasmin and its inhibitor ay-antiplasmin. We also measured complement parameters,
autoantibody titer, and cleaved Cl-inhibitor (relative molecular mass = 96,000), because
autoantibodies to Cl-inhibitor are known to facilitate its cleavage by proteases. Plasma was
obtained from patients in remission, during prophylactic treatment with the antifibrinolytic agent
tranexamic acid (2 to 4.5 gm/day) and also from two patients during acute attacks of edema.
Levels of cleaved high molecular weight kininogen and antiplasmin-plasmin complexes in
patients with AAE were both higher in basal conditions, during treatment, and during acute
attacks than those in normal subjects (p < 0.001). The cleaved inactive form of Cl-inhibitor
was also present in all patients in all three conditions. Therapy with antifibrinolytic agents
reduced the frequency and intensity of symptoms without significantly changing any of the
biochemical parameters. Our data demonstrate that in patients with autoimmune AAE there is
continuous activation of contact and fibrinolytic systems, which might be counteracted by
antifibrinolytic agents, as indicated by the favorable effects of prophylactic treatment with
tranexamic acid. (] ALLERGY CLIN IMMUNOL 1994;93:870-6.)
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The deficiency of Cl-inhibitor can be inherited
(hereditary angioedema [HAE])' or acquired (ac-
quired angioedema [AAE]), which typically af-
fects individuals in adulthood.> * The latter con-
dition has been mainly reported in association
with lymphoproliferative disorders® and as an au-
toimmune form with autoantibodies against C1-
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Abbreviations used

AAE: Acquired angioedema
AMCA: Trans-4-aminomethylcyclohexane-
1-carboxylic acid
APP: Antiplasmin-plasmin
HAE: Hereditary angioedema

HK: High molecular weight kininogen
M,: Relative molecular mass
SDS-PAGE: Sodium dodecylsulfate~polyacryl-
amide gel electrophoresis

inhibitor.>” The massive consumption of C1 and
low plasma levels of Clq, which is normal in
HAE,> ° are characteristics of AAE. In the pres-
ence of a lymphoproliferative disease, it appears
that interaction between the idiotype of monoclo-
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TABLE |. Plasma levels of C1-inhibitor, C4, C1q, cleaved HK and APP complexes in eight patients

with AAE during remission

C1-inhibitor C1-inhibitor
Patient function antigen C4 antigen C1q antigen Cleaved HK APP complexes

No. (% NHPP) (% NHPP) {% NHPP) (% NHPP) (% of total HK) {ng/mil)
1 <5 19 <5 <5 82 784
2 <5 58 <5 <5 66 932
3 <5 23 <5 <5 80 542
4 22 30 <5 93 52 552
5 <5 27 <5 <5 67 453
6 20 29 <5 <5 97 370
7 <5 19 <5 <5 69 386
8 <5 25 <5 <5 86 1351

NR 67-133 72-128 56-145 62-138 11-33 172-302

NHPP, Normal human pooled plasma; NR, normal range.

nal immunoglobulins and antiidiotypic antibodies
causes increased consumption of Clq and Cl-
inhibitor.' In autoimmune AAE the autoantibod-
ies facilitate the cleavage of Cl-inhibitor by its
target protease(s), preventing the formation of a
stable protease-inhibitor complex. This interac-
tion eventually results in high plasma levels of a
catabolic product of Cl-inhibitor with a relative
molecular mass (M,) of 96,000."" **

Cl-inhibitor regulates the classical complement
pathway, the contact system, and fibrinolysis."* In
hereditary C1-inhibitor deficiency various degrees
of activation of these three systems and their roles
in the pathogenesis of symptoms have been re-
ported.”*"* We recently demonstrated that attacks
of edema in HAE are associated with the cleavage
of high molecular weight kininogen (HK) and
with plasmin generation.”” These data supported
the previous in vitro observation that the fibrino-
lytic system is involved in the release of the
vasoactive mediators responsible for the symp-
toms.”® In acquired Cl-inhibitor deficiency the
pathogenesis of angioedema is supposed to be the
same as in HAE. However, we have no data at
present that describe the consequences of ac-
quired Cl-inhibitor deficiency to the contact and
fibrinolytic systems.

Symptoms in HAE are prevented by attenuated
androgens that act by increasing Cl-inhibitor
synthesis.”> ** We recently reported that these
drugs have no effect in the majority of patients
with autoimmune AAE in whom the adminis-
tration of the antifibrinolytic agent tranexamic
acid (trans-4-aminomethylcyclohexane-1-carbox-
ylic acid [AMCAY]) produces results.* This drug,
an analog more potent than e-amino-caproic acid,
blocks the lysine-binding sites of plasminogen

and plasmin, impairing their fibrinolytic activity,*
and it has been introduced for the treatment of
HAE as a plasmin antagonist but with limited
success.”

In this study we investigated the contact, fibri-
nolytic, and complement systems in patients with
autoimmune AAE in basal conditions, during at-
tacks, and during prophylactic treatment with
AMCA. The results demonstrate that in these
patients the contact and fibrinolytic systems are
already activated in basal conditions, which is a
possible explanation for the effectiveness of anti-
fibrinolytic agents in this disorder.

METHODS

We studied eight patients (two women and six men;
age range, 55 to 73 years) with autoimmune AAE.
Clinical data have been previously reported.”” Samples
were obtained from all patients in a period of remission
without any treatment, during long-term prophylaxis
with 2 to 4.5 gm tranexamic acid per day (six patients)
and, in two patients, during acute attacks of edema
involving the face and the neck. Ten healthy subjects
(seven men and three women; age range, 48 to 69
years) served as a control group.

Blood was drawn by clean venipuncture with mini-
mal stasis and collected in siliconized Vacutainer tubes
(Becton Dickinson, Plymouth, U.K.) to which ethylene-
diaminetetraacetic acid (10 mmol/l.) and hexa-
dimethrine bromide (0.05% wt/vol) had been added.
Tubes were centrifuged at 1300g at room temperature
for 10 minutes, and plasma aliquots were stored in
polystyrene tubes at —70° C until tests were performed.

Autoantibodies to Cl-inhibitor were assessed by an
ELISA method.® Briefly, plasma dilutions were incu-
bated in microtiter plates coated with Cl-inhibitor
protein (Immuno AG, Vienna, Austria). After repeated
washing, autoantibodies were detected by class-specific
monoclonal antibody anti-human immunoglobulin
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FIG. 1. Immunoblotting of C1-inhibitor in plasma from a normal subject (N) and from eight
patients with AAE. Normal subject (N) has a major band with M, of 106,000, corresponding to
native C1-inhibitor and a faint band with M, of 96,000, corresponding to cleaved C1-inhibitor. The
patients (identified by number in Table |) have a major band at M, of 96,000, corresponding to
cleaved C1-inhibitor, whereas the native band (M, = 106,000) is faint or absent.
TABLE Il. Plasma levels of APP complexes, cleaved HK, C1-inhibitor function and antigen, C4
antigen, and anti-C1-inhibitor antibody titers in healthy subjects and patients with AAE during
remission without any treatment (basal AAE), during treatment with tranexamic acid (AMCA
AAE), or during acute attacks (AA AAE)
Normal subjects Basal AAE AMCA AAE AA AAE
(n = 10) (n=8) (n=6) (n=2)
APP complexes (ng/ml) 269 (172-302) 547* (370-1351) 562* (321-614) 617-1444
Cleaved HK (% of total HK)? 27 (11-33) 75* (52-97) 78* (44-82) 89-90
Cl-inhibitor function (% of 98 (67-133) <5* (<5-22) <5* (<5-11) <5
normal)
Cl-inhibitor antigen (% of 102 (72-128) 26* (19-58) 31* (19-39) 25-29
normal)
C4 antigen (% of normal) 104 (56-145) <5* <5* <5
Anti-Cl-inhibitor auto- — 1200 (320-6400) 850 (118-4000) 550-4250

antibody (titer):

Values are expressed as median with range in parentheses. In the two patients with AAE during attacks (AA AAE) single values

are reported.
*Statistical significance versus normal subjects (p < 0.001).

+Cleaved HK (% of total HK) in 10 patients with HAE during remission was 24% (10% to 48%) and in five patients with HAE

during acute attacks 75% (40% to 90%) (p = 0.003).

tReciprocal of plasma dilution producing 50% of maximal binding.

(Sigma Chemical Co., St. Louis, Mo.). Cl-inhibitor
activity was measured by a chromogenic assay (Immuno
AG). Cl-inhibitor, C4, and Clq antigens were assessed
by radial immunodiffusion (Nor-Partigen, Behring-
werke, Marburg, Germany).

Cleaved HK has been evaluated with sodium dode-
cylsulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) and immunoblotting analysis. Plasma was
subjected to nonreducing SDS-PAGE (8% wt/vol).
After electrophoretic transfer of proteins from gel onto
a polyvinylidene difluoride membrane (Immobilon;
Millipore, Bedford, Mass.), HK forms were identified
with goat polyclonal anti-light-chain-HK (Nordic, Til-
burg, The Netherlands) and visualized with a biotin-

ylated donkey anti-goat antibody (Gibco BRL, Gaith-
ersburg, Md.). The apparent molecular mass of pro-
teins was estimated by comparison with high molecular
weight protein markers from Bio-Rad Laboratories
(Richmond, Calif). HK bands were quantified by
densitometry (Cliniscan 2; Helena Laboratories, Milan,
Italy).

Immunoblotting analysis of Cl-inhibitor was carried
out under the same conditions as those described for
HK, but goat polyclonal anti-Cl-inhibitor was used as
first antibody (Atlantic Antibodies, Scarborough,
Maine). Antiplasmin-plasmin (APP) complexes were
measured in plasma with an ELISA method (Behring-
werke AG, Marburg, Germany).
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FIG. 2. Immunoblotting of HK in plasma from normal subjects (N} and from patients with AAE.
The normal pattern shows a major band with M, of 130,000 and a faint band with M, of 107,000.
In patients there is reduction of the band with M, of 130,000, increase of the band with M, of
107,000, and appearance of a band with M, of 98,000. This pattern, which corresponds to that of
cleaved HK, can be obtained by activating human normal plasma with kaolin (K] in vitro.

Statistical analysis

The significance of differences between groups was
determined by the nonparametric test of Wilcoxon-
Mann-Whitney. Correlations were assessed by the
Spearman rank analysis. A p value of less than 0.05 was
considered to indicate a statistically significant differ-
ence or correlation.

RESULTS

Individual data for APP complexes, cleaved
HK, Cl-inhibitor function and antigen, and Clq
antigen, C4 antigen in eight patients with autoim-
mune AAE are reported in Table 1.

In all patients antigenic Cl-inhibitor levels
were variably higher than the functional levels.
Immunoblotting analysis of Cl-inhibitor demon-
strated that the cleaved form with an M, of 96,000
was by far the main band in the plasmas of all
patients (Fig. 1). C4 and Clq plasma levels were
below 5% of normal except in one patient who
had normal levels of Clq. Anti-Cl-inhibitor au-
toantibodies were present in all eight patients (2
IgA, 2 1gM, 4 1gG), with plasma titers (expressed
as the reciprocal of the dilution producing 50% of
maximal binding) from 320 to 6400 (Table II). In
basal conditions all patients had higher values of
APP complexes than normal subjects (p < 0.001)
(Table II).

AMCA treatment (2 to 4.5 gm/day), which was
given to seven patients, reduced the frequency
and intensity of symptoms in six, as already re-
ported,” but did not change Cl-inhibitor, C4,
Clq, or autoantibody titers. APP complexes and
cleaved HK, measured in the six patients who
benefited from the treatment, also remained un-
changed (Table II). No correlation was evident in

patients with AAE between HK and APP, and
HK and APP were not correlated with Cl-inhibi-
tor, C4, or autoantibody titer.

SDS-PAGE analysis of HK (Fig. 2) in normal
pooled plasma produced a major band with an M,
of 130,000 and a faint one with an M, of 107,000,
corresponding to the native HK and its catabolic
product. The incubation of normal pooled plasma
with kaolin (an activator of the contact system)
cleaves HK and results in a pattern in which the
band with an M, of 130,000 disappears, the band
with an M, of 107,000 increases, and a band with
an M, of 98,000 appears (Fig. 2, lane 9). The
cleavage of HK in our samples was quantified by
densitometry, considering the absorbance of the
two bands with M,s of 107,000 and 98,000, repre-
senting cleaved HK, as percentage of total HK
(sum of the three bands with M,s of 130,000,
107,000, and 98,000). Levels of cleaved HK were
significantly greater in patients with autoimmune
AAE than in normal subjects (p < 0.001), but
there were no significant differences among pa-
tients under different conditions (basal, AMCA
treatment, attack) (Table II).

DISCUSSION

The functional defect of Cl-inhibitor, the only
physiologic inhibitor of C1, results in activation of
the classical complement pathway. It has been
reported that such activation is markedly greater
in patients with the acquired Cl-inhibitor defect
than in those with the inherited one.*  However,
no cxplanation of this difference has been pro-
vided.

In this study we investigated contact phase and
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fibrinolysis, the other two systems regulated by
Cl-inhibitor, in eight patients with autoimmune
AAE. To measure contact activation, we used an
immunoblotting analysis of HK, which was slightly
modified from the original description of Berret-
tini et al.® With similar techniques, evidence of
contact activation has been reported during at-
tacks in HAE and to a lesser extent in various
inflammatory conditions.” ***° The activation of
fibrinolysis was studied by measuring the plasma
levels of APP complexes, a sensitive and specific
method reflecting the in vivo generation of plas-
min."® *"** With these two methods, we have now
demonstrated that there is activation of contact
and fibrinolytic systems in basal conditions in
patients with autoimmune AAE. This finding was
unexpected, because a deficiency of Cl-inhibitor
does not lead per se to activation of contact phase
or fibrinolysis as we previously showed in patients
with HAE" (even if a small activation in HAE
cannot be excluded). However, it indicates that in
AAE all three systems controlled by Cl-inhibitor
(complement, contact phase, and fibrinolysis) are
more unstable than in HAE, displaying signs of
activation.

Our present data do not provide any easy
explanation for the difference. A relationship be-
tween Cl1 consumption and contact system activa-
tion is suggested by the observation that the
patient (no. 4, Table I) with normal Clq levels is
the one with lowest percentage of HK cleavage.
This patient also has relatively higher Cl-inhibitor
function levels. However, low Cl-inhibitor func-
tion levels cannot account for the activation of C1
and HK cleavage detected in AAE. In fact, there
is neither C1 depletion nor activation of contact
phase in patients with HAE in basal conditions,
even when functional Cl-inhibitor is undetect-
able."”” Therefore in addition to Cl-inhibitor defi-
ciency, some other mechanism for C1 depletion
and contact activation must be acting in patients
with AAE. This mechanism, which is still un-
known, probably does not act through the im-
mune complex formed by Cl-inhibitor and au-
toantibody, because Cochrane et al* demon-
strated that immune complexes do not activate
the contact system; however, their methods could
not rule out the possibility of a weak activation.

The increased levels of APP complexes in our
patients are not surprising, because generation of
plasmin has been demonstrated after contact ac-
tivation in vivo and in vitro.>> >

The attacks in AAE and HAE are clinically
identical. Although the mediator of symptoms is
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still controversial,?> *? it has been shown in HAE
that it has kinin-like characteristics® and that it is
released on the activation of the complement,
contact, and fibrinolytic systems.'* '* ** Our
present data for the two patients with AAE dur-
ing an attack show that both HK cleavage and
APP complexes were elevated but without any
clear-cut difference between the levels during
attacks and basal conditions. However, the small
number of patients and the preexistent activation
of the contact and fibrinolytic systems probably
hampered the demonstration of the attack-related
generation of plasmin and HK cleavage as we
demonstrated in patients with HAE."

In a recent article® we described the high
effectiveness of the antifibrinolytic agent AMCA
for prophylaxis of attacks in patients with AAE.
Such effectiveness is clearly greater than that
reported for patients with HAE.” The pharmaco-
logic effects of AMCA are obtained by blocking
the lysine-binding sites on the molecules of plas-
minogen and plasmin, which prevents their bind-
ing to fibrin, resulting in the inhibition of fibrino-
lysis.** However, the binding of AMCA to the
circulating plasminogen molecule induces struc-
tural changes,” which paradoxically facilitate the
formation of plasmin in the fluid phase. The
AMCA-plasmin complex is rapidly inactivated by
a2-antiplasmin and o2-macroglobulin.*® The
mechanism of action of AMCA in Cl-inhibitor
deficiencies probably depends on its antiplasmin
activity, which impairs the release of vasoactive
mediators. Patients with AAE already have signs
of activation of fibrinolysis in basal conditions,
and this can facilitate attacks, making large
amounts of plasmin available in the fluid phase.
The counteraction of active plasmin by AMCA
may provide a clue to understanding its particular
effectiveness in these patients. However, we did
not detect any changes in the APP complexes
during long-term treatment with AMCA at doses
proven to be antifibrinolytic.>* The facilitation of
the activation of plasminogen by AMCA and the
generation of an AMCA-plasmin complex, which
is rapidly bound to o2-antiplasmin,® may recon-
cile the apparent contradiction detected in pa-
tients with AAE, in whom a supposed antiplasmin
effect coexists with elevated APP plasma levels.
On the other hand, the possibility that an antifi-
brinolytic agent acts to prevent Cl activation in
patients with AAE has been considered. Such an
effect, demonstrated in vitro a long time ago,*
does not seem to be relevant in our patients,
because AMCA treatment does not induce any
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increase in Clq levels. Moreover, the persistence
during AMCA treatment of cleaved Cl-inhibitor,

derived from
bound to the autoantibody with active C1,”

interaction of Cl-inhibitor
11

the

further supports the view that C1 is not influenced
by antifibrinolytic prophylaxis. It has been re-
cently demonstrated that AMCA is active as a
result of kringle domain interaction on plasmin
molecule.’ Because the kringle domain is sheared
by various serin proteases, an unknown activity of
AMCA on proteases other than plasmin could not
be excluded.
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