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Summary. EDTA plasma from patients with heredi-
tary angioedema (HAE), the genetic deficiency of C -

inhibitor, when incubated at 370 produces a kinin-like
activity which can induce contraction of oestrus rat
uterus. The second component of complement (C2)
has previously been suggested to be the source of this
kinin-like activity, with the implication that C2-kinin
is a normal product of complement activation. Our
results show that purified human C2 is cleaved rapidly
to C2a and C2b when added to HAE plasma, but not
normal plasma or plasma from a danazol-treated
HAE patient. However, the addition to HAE plasma
of C2 at 20 x normal plasma concentration had no

effect on the kinin activity generated on incubation at
370. In the presence of soya bean trypsin inhibitor, the
rate of C2 cleavage and products were unaltered but
no kinin activity was generated.
C2 was cleaved by purified Cls to C2a and C2b.

Incubation of C2 with trypsin resulted in cleavage to
C2a and C2b followed by more extensive cleavage of
both C2a and C2b. Kallikrein cleaved C2 to C2a and
C2b but plasmin had no effect on C2. In no case was

kinin activity generated. When C2 was cleaved by CIs

to C2a and C2b then incubated with trypsin, kallik-
rein, or plasmin, no kinin activity was generated: only
trypsin cleaved the C2 fragments further. The results
suggest that C2 is not the source of the kinin-like
activity generated in hereditary angioedema plasma.
Correspondence: Dr M. A. Kerr, Dept. Pathology, Nine-

wells Hospital and Medical School, Dundee, Tayside DD2
IUB, U.K.
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INTRODUCTION

Hereditary angioedema (HAE), the hereditary defi-
ciency of the serum control protein Cl -esterase inhibi-
tor (Cl INH), is inherited as an autosomal dominant
trait recognized biochemically by persistently low
levels of Cl INH, C4 and C2 but normal levels of C3
(Donaldson & Evans, 1968; Donaldson & Rosen,
1964; Austen & Sheffer, 1965). Clinically, the disease is
manifested by infrequent attacks of localized, non-
inflammatory oedema (reviewed by Frank, Gelfand &
Atkinson, 1976; Ballogh & Whaley, 1980). C1INH is a
plasma protein first recognized as an inhibitor of Cl
esterase by Ratnoff & Lepow (1957). C1INH was
subsequently shown to be the same protein as the
inhibitor of the permeability factor, kallikrein, which
had been shown by Landerman et al. (1962) to be
deficient in HAE plasma. Cl INH has now been shown
to inhibit several other plasma proteases, including
plasmin, factor X I I a, factor X I a, C1r and C1s (Gigli
et al., 1976; Ratnoff et al., 1969; Forbes, Pensky and
Ratnoff 1970; Schreiber, Kaplan & Austen, 1973).
Most of these enzymes are also inhibited by other
plasma protease inhibitors, such as 22-macroglobulin,
al-proteinase inhibitor or X2-antiplasmin (Travis &
Salvesen, 1983). C I INH is, however, the only inhibitor
of Clr and Cls (Arlaud et al., 1979; Sim et al. 1979),
and therefore a deficiency of ClINH is most clearly
observed by the lack of control of the complement
system. In the complement system, C1INH controls
activation of the classical pathway by complexing with
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C I r and C I s. In the absence ofC1INH, C4 and C2 are
continuously activated by Cls but, since C3 conver-
tase assembly in the fluid phase is highly inefficient, C3
levels remain unchanged.

Early studies by Landerman et al. (1962) identified
in the plasma of patients with active hereditary
angioedema a permeability increasing factor. This
factor could also be generated from plasma taken from
patients in remission when the plasma was incubated
at 37°. This activity was attributed to a peptide with
kinin activity since HAE plasma, on incubation at 37',
induces contraction of the isolated oestrus rat uterus, a
smooth muscle preparation especially sensitive to
kinins. The markedly low levels of C2 and C4 in HAE
plasmas led to investigations on the possible role of
these proteins in kinin generation. Complement pro-
teins were first implicated as the source of kinin by
Donaldson, Rosen & Bing (1977) who found that
mixtures of Chs, C4, C2 and plasmin caused contrac-
tion of the isolated rat uterus. Although attempts, by a
number of other groups, to repeat these experiments
have been unsuccessful (Curd et al., 1982; Fields,
Ghebrehiwet & Kaplan, 1983; Smith & Kerr, 1983),
other experiments still implicate complement proteins,
especially C2, in kinin formation. For example, Cls
injected into normal and HAE volunteers was found
to cause oedematous wheals, but in individuals having
a deficiency of C2 (Klemperer, Donaldson & Rosen,
1967) and in C4-deficient guinea-pigs, this response
was markedly decreased (Donaldson et al., 1969).
Similarly, HAE-plasma, drawn into antiserum to C2
or C4 but not to C3, failed to produce kinin on
incubation at 37° (Donaldson et al., 1977).
A crude preparation of kinin was isolated by

Donaldson et al. (1969) but it has not been character-
ized extensively. Although the activity had some of the
properties of bradykinin, for example heat stability,
sensitivity to carboxypeptidase B and inability to
induce tachyphylaxis, the activity differed from bra-
dykinin in its sensitivity to trypsin and lack of a pain
reaction when injected into volunteers. More recently,
Bourgarit et al. (1983) have reported the isolation of a
vasoactive peptide from the urine of HAE patients
which was not bradykinin. The same group has also
reported that, under specific conditions, they can
generate a similar kinin from C2 (Lopez-Trascasa et
al., 1982). It is frequently implied that C2-kinin is a
normal product of complement activation, although
this has never been shown.
The role of C 1INH in inhibiting not only the

classical complement pathway but also enzymes of the

plasminolytic and kinin pathways, has led others to
postulate that the kinin produced in HAE is in fact
bradykinin, generated from high molecular weight
kininogen on activation by kallikrein. Increased kal-
likrein levels have been found in blister fluids from
HAE patients (Curd, Prograis & Cochrane (1980), and
prekallikrein activation and high molecular weight
kininogen consumption have been found in HAE
attack plasma (Schapira et al., 1983). Curd et al. (1982)
have also reported that all the kinin in HAE plasma
coelutes with bradykinin on high pressure liquid
chromatography.

Studies on the possible role of C2 in the generation
of kinin activity have, in the past, been hampered by
the inavailability of sufficient quantities of highly
purified C2. We have in recent years developed
methods for the purification of milligramme quantities
of C2 which have led to an understanding of the
structure and function of the molecule (Kerr & Porter,
1978; Kerr, 1980; Kerr & Gagnon, 1982; Parkes,
Gagnon & Kerr, 1983; Kerr & Parkes, 1984). In this
publication, we have studied the cleavage of such
quantities of C2 by HAE plasma, plasma proteases
inhibitable by Cl INH and by trypsin in an attempt to
define the role, if any, of C2 in kinin formation.

MATERIALS AND METHODS

Proteins
Complement proteins C2 (Kerr, 1981), Cls and Clr
(Sim, 1980) were isolated as described previously.
Kallikrein and plasminogen were isolated by affinity
chromatography according to published methods
(Nagasawa & Barrett, 1981; Castellino & Powell,
1980). The specific activities of the kallikrein and the
plasmin measured using the synthetic substrates S2302
and S2251 (Kabi Diagnostics, Stockholm, Sweden)
were similar to those reported by the manufacturers.
Plasminogen was converted to plasmin using streptok-
inase (Jackson, Easmon & Tang, 1980). C2 was
converted to C2a and C2b using purified Cls and the
fragments separated where necessary by gel filtration
on Sephadex G100 (Kerr, 1979). TPCK (L-(tosyla-
mido 2-phenyl) ethyl chloro-methyl ketone) treated
trypsin and soya bean trypsin inhibitor were pur-
chased from Worthington (Lorne Lab Ltd, Twyford,
Berks). Soya bean trypsin inhibitor (10 mg/ml in 0-15
M NaCl) was diluted to I mg/ml in incubation
mixtures.
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Table 1. Plasma samples used in this study

C3 C4 C2
Plasma Diagnosis ClINH mg/dl mg/dl (% normal)

Normal 28 100 19 100
DC HAE-danazol therapy 21 126 14 88
DH HAE-asymptomatic 7 91 6 54
CB HAE/attack phase 7 94 7 60

Normal range 15-35 90-150 20-40

ClINH, C3 and C4 were measured by radial immunodiffusion, C2 by
haemolytic activity.

Radiolabelling of C2 and analysis of C2 digests
C2 was radiolabelled with Na I251 (Amersham Interna-
tional, Amersham, Bucks) using chloramine T. C2
cleavage in serum was followed using sodium dodecyl
sulphate polyacrylamide gel electrophoresis (SDS-
PAGE) as described previously (Laemmli, 1970,
Dodds et al., 1978). Autoradiography of dried, Coo-
massie blue R250 stained gels was carried out using
Kodak direct exposure film (Kodak Eastman, Hemel
Hempstead, Herts) as described by the manufacturers.

Haemolytic assays
Cellular intermediates and assays were prepared and
carried out as described previously (Kerr, 1980).

EDTA-plasma
Blood was drawn with minimum trauma and trans-
ferred immediately into 50-ml polypropylene tubes
(Alpha Laboratories, Eastleigh, Hants) previously
siliconized using dichloro-dimethy-silane as described
by the manufacturers and containing one-ninth blood
volume 0 13 M-trisodium citrate pH 5 3/0-006 M Na2H2
EDTA. The blood and anticoagulant were mixed and
then centrifuged at 1000 g for 10 min. Plasma was
removed using a siliconized pipette and 'snap' frozen
and stored at - 70° in 50-,ul aliquots in siliconized 1-ml
polypropylene conical minifuge tubes (Alpha Labora-
tories). Details of plasma samples used in this study
are given in Table 1.

Kinin assay
Oestrus was induced in a female Wistar rat (120-160 g)
by intraperitoneal injection of diethylstiboestrol dis-
solved to 20 mg/ml in 20% (v/v) ethanol in saline. Ten
mg stilboestrol were administered per 100 g body
weight and, 20-24 hr later, the condition of the uterus
was determined following microscopic examination of

a trypan-blue stained vaginal smear. Oestrus rats were
killed and the 3-cm sections of uterine horn suspended
in 10 ml organ baths containing de Jalon's buffer (90
g-NaCl, 4-2 g-KCl, 5 g-glucose, 5g-NaHCO3 and 0-3
g-CaC12 in 10 litres of distilled water) at 29-32° and
aereated with 5% CO2 in 02 (Garcia de Jalon, Bayo
Bayo & Garcia de Jalon, 1945). Contractions indicat-
ing the presence of kinins were measured using a
kymograph. A dose-response curve for bradykinin
(Sigma Chemical Company, St Louis, MO) was
obtained in the range 10-11l10-6 M for each experi-
ment.

RESULTS

Cleavage of C2 by HAE plasma
When HAE plasma, diluted with an equal volume of
Veronal buffer, was incubated in siliconized tubes at
370, the remaining C2 haemolytic activity was des-
troyed. Normal plasmas or plasma from an HAE
patient receiving danazol therapy showed no loss of
C2 activity under the same conditions. When purified
C2 was added to each plasma to a final concentration
of 400 ,ug/ml (20 x normal plasma concentration) and
the samples incubated, C2 haemolytic activity was
again destroyed in the untreated HAE plasmas but not
in normal plasma or in the plasma from the danazol-
treated patient. The rate of C2 cleavage was similar in
the plasma from the asymptomatic patient and the
attack phase plasma (Fig. 1).
When the same samples were assayed for kinin

activity by the induction of contraction of oestrus rat
uterus, kinin activity was detected in the three HAE
samples after incubation for 30 min and was maximal
after I hr. The amount of activity was the same after 3
or 6 hr incubation (Fig. 2).
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Figure 1. The effect of incubation of purified C2 at 37° with

normal or HAE EDTA-plasmas: 50 pl EDTA plasmas from

HAE patients or normal plasma were incubated at 370 with

50 p1 5 mtM Veronal buffer, 150 mrv NaCl pH 7-4 (open

symbols) or 50 p1l purified C2, 1 mg/ml in the same buffer

(closed symbols) and the C2 remaining assayed by haemoly-

tic activity. The plasmas were: (0) normal; (0) attack phase

HAE; (A) asymptomatic HAE or (v) danazol-treated HAE.

C2 incubated alone lost no haemolytic activity (---)

Normal plasma showed no increase in kinin activity

on incubation for 3 hr, although, on prolonged

incubation, activity was generated in this sample. The

addition of C2 to the samples prior to incubation had

no effect on the generation of kinin activity. The

amount of kinin generated in the RAE plasmas was

the same as that generated on incubation of RAE or

normal plasmas in non-siliconized tubes. The kinin

activity was well within the range of sensitivity of the

rat uterus used in this assay (Fig. 2 insert) and is similar

to the level of activity determined in RAE plasmas by

other workers using the same assay.

'251-labelled C2 incubated for up to 6 hr with RAE

plasma was cleaved to C2a and C2b, but no other

breakdown products were detected on autoradiogra-

phy. ['251]C2 was not cleaved in normal plasma and a

mixture of ['251]C2a and C2b was not cleaved further

by any of the plasma tested.

The effect of soya bean trypsin inhibitor on C2 cleavage
and kinin generation
Soya bean trypsin inhibitor had no effect on the rate of
cleavage of endogenous or added C2 in HAE-plasmas
(Fig. 3). However, in agreement with all earlier studies,
soya bean trypsin inhibitor was observed to abolish all
kinin-generating activity in the HAE plasmas. The
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Figure. 2. The effect of purified C2 on the kinin activity
generated on incubation of HAE or normal plasma: 50 pl
EDTA plasmas from HAE patients or normal plasma were

incubated at 370 with 50 pl 5 mm Veronal buffer, 150 mM
NaCl pH 7-4 (open symbols) or 50 pl C2, 1 mg/ml in the same
buffer (closed symbols) and the kinin activity generated
measured by the oestrus rat uterus assay. The samples which
were the same as those assayed for C2 haemolytic activity in
Fig. 1 were (0) normal plasma; (0) attack phase HAE or (A)
asymptomatic HAE. None of the plasmas incubated in the
presence of soyabean trypsin inhibitor generated any detect-
able kinin activity. The bradykinin (BK) dose-response curve

for the oestrus uterus used in this assay is shown above.

soya bean trypsin inhibitor also inhibited the low level
of kinin activity detectable on incubation of normal
plasma at 370 for 3 hr and the low level detectable in
HAE plasma prior to incubation. The addition of soya
bean trypsin inhibitor had no effect on the kinin
activity when added after incubation of the HAE
plasma nor on the dose-response curve of purified
bradykinin.
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Figure 3. The effect of incubation of purified C2 at 37° with
normal or HAE EDTA-plasmas in the presence of soya bean
trypsin inhibitor. Soyabean trypsin inhibitor (200 ,g in 20 p1

saline) was added to 50 p1 EDTA from HAE patients or

normal plasma. The plasmas were then incubated at 37° with
50 p1 5 mM Veronal buffer, 150 mM NaCl pH 74 (open
symbols) or 50 p1 purified C2, 1 mg/ml in the same buffer
(closed symbols) and the C2 remaining assayed by haemoly-
tic activity. The plasmas were (0) normal; (0) attack phase
HAE; (A) asymptomatic HAE or (v) danazol-treated HAE.

Digestion of C2 with proteases

Digestion of C2 (I mg/ml) by Cls at an enzyme to

substrate ratio of 1:100 for up to 60 min gave no

products identifiable by SDS polyacrylamide gel elec-
trophoresis other than C2a and C2b (Fig. 4a). Diges-

0 60

tion of C2 with trypsin (Fig. 4b) at an enzyme to

substrate ratio of 1:100 resulted in the initial appear-

ance of C2a and C2b. This C2a had identical mobility
on the gels to the trace ofC2a which contaminated the
C2 preparation used in this study. Extended digestion
led to the further cleavage ofC2a to produce a slightly
smaller fragment followed by cleavage of the
remainder of the C2a to fragments of apparent
molecular weight 61,000 and 15,000. When C2 was

incubated with kallikrein it was cleaved to C2a and
C2b only. The rate of cleavage was much slower than
that obtained with Cis or trypsin under identical
conditions. The C2a and C2b produced had identical
electrophoretic mobility to that obtained on cleavage
of C2 by Cls. Plasmin had no effect on C2 as could be
seen from both SDS-polyacrylamide gel analysis and
from haemolytic activity measurements (Fig. 5). Sam-
ples (200 pg) of C2 were also removed per time-point
from each digest and assayed on the oestrus rat uterus.
No kinin activity could be detected from any of these
samples.

Digestion of C2a/C2b and purified C2b with proteases

Milligram quantities of C2 were digested with Cls at
an enzyme to substrate ratio of 1: 100 and the resultant
C2a and C2b fragments incubated further with Cls,
plasmin, trypsin or kallikrein. Samples were removed
at specific time-points for SDS-polyacrylamide gel
analysis shown in Fig. 6. Samples (200 pg) were also

0 60

C2
C2a

C2b

(a ) (1)
Figure 4. Digestion ofpurified C2 with Cis or trypsin. SDS polyacrylamide gels of 25-pl samples taken at 0, 1, 10, 30 and 60 min
from incubations ofC2 (1 mg/ml in 5 mm Veronal buffer/ 150 mm NaCl/0 5 mm CaCl2/2-0 mm MgCl2 pH 7 4) with (a) C1s or (b)
trypsin at an enzyme to substrate ratio of 1:100 w/w. 100-pl samples were also removed and, after the addition of excess

soyabean trypsin inhibitor, frozen at -70° prior to assay for kinin acitivity.
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C2: kallikrein
0 60 0

10 20 30

Time (min)

C2: plasmin (a)

60

40 50 60

Figure 5. Digestion of purified C2 with kallikrein or plasmin: (a) SDS polyacrylamide gels of 25-pl samples taken at 0, 1, 10, 30
and 60 min from incubations of C2 (1 mg/ml in 5 mm Veronal buffer/ l 50 mm NaCl/0 5 mM CaCl2/2 0 mM MgCl2 pH 7 4) with
kallikrein or plasmin at enzyme to substrate ratio of 1: 100 w/w; (b) C2 haemolytic assay of samples (1-pl) taken from the same
incubation. Kallikrein (-), plasmin (0). 100 p1 samples were also removed and frozen at - 700 prior to assay for kinin activity.

removed, snap frozen and stored at - 70° in silicon-
ized tubes prior to analysis for kinin activity. Only
trypsin was found to have any effect, causing cleavage
of both C2a and C2b, although very slowly. No kinin
activity could be determined in any of the samples
tested, although C2a and C2b were present at fifty
times their normal plasma concentration. When puri-
fied C2b (I mg/ml) was incubated with trypsin for up
to 64 min (Fig. 7) at an enzyme to substrate ratio of 1:
100, C2b (34,000 molecular weight) was cleaved to a

slightly smaller (32,000) fragment similar to that
produced on extended incubation of C2b and Cls.
Nevertheless, no kinin activity could be detected in

any of these samples at 100 times the plasma concen-

tration of C2b in C2.

The cleavage of C2 by Cls requires a native conforma-
tion

Purified C2 on storage for prolonged times at - 700 or

on repeated freezing and thawing has been observed to
lose haemoytic activity. This loss of activity is due to
the formation of a species of C2 which cannot be
cleaved to Cis and is similar to that observed on

treatment of C2 with excess iodine or iodine and
various nucleophiles (Kerr & Parkes, 1984). The
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(a) (b) a
32

C2b
C2b

(c) (d)

Figure 6. Digestion of a mixture of C2a, C2b and haemolyti-
cally inactive C2 with CTs, trypsin, kallikrein or plasmin.
SDS polyacrylamide gels of samples (25-,ul) taken at different
times (1, 2, 4, 16 and 32 min) from incubations ofa mixture of
C2a, C2b and haemolytically inactive C2 (total 1 mg/ml in 5
mM Veronal buffer 150 mm NaCl/05 mm CaC12/20 mM
MgCl2 pH 7 4) with (a) Cls, (b) trypsin, (c) kallikrein or (d)
plasmin. 100-pl samples were also removed and frozen at
- 70° prior to assay for kinin activity. Excess soyabean
trypsin inhibitor was added to the trypsin-treated samples
before freezing.

species is therefore analogous to the haemolytically
inactive forms of C3 and C4 which are formed on

discharge of the thiol ester group. Although C2 does
not contain this group, it is interesting that here also a

cysteine residue appears to be involved. The prep-
aration of C2 used for the generation of C2a and C2b
in the experiment shown in Fig. 6 contains some 40%
of this inactive C2. It can be seen that this species is
also uncleaved by kallikrein but is cleaved by trypsin at
a similar rate and to give similar fragments to that of
native C2. These results can be compared with those in
Figs 4 and 5 where the C2 preparation contained very

little of the inactive species.

DISCUSSION

Although previous studies have implicated C2 as the
source of kinin in HAE-plasma, our studies using

..........

Figure 7. Digestion ofC2b with trypsin. SDS-polyacrylamide

gels of unreduced samples (l100-pug) taken at different times (0,

1, 2,4,8, 16, 32 and 64 mmn) from incubations ofC2b (1 0mg!

ml in 5 miM Veronal buffer/150 mM NaCi/O 5 mM, Ca-C12/2 0

mM MgCI2 pH 7 4) with trypsin at an enzyme to substrate

ratio of 1: 100. Samples (200-rig) were also removed and after

the addition of excess soyabean trypsin inhibitor assayed for

~~~~~~~ ~~~ ~~~ ~~~ ~~~ ~~~~~~~~~~~~~~~~~~~

ki(lnin activlty.

highly purified C2 at concentrations many times the

normal plasma concentration have failed to support

this. C2 incubated with plasma deficient in CnlINH or

with kallikrein, plasmin or Cts, three plasma pro-

teases inhibited by Cl INH, failed to produce kinin

activity. Similarly, C2 incubated first with Cls to

produce C2 and C2b and then with plasmin or
kallikrein failed to produce kinin activity. On no

occasion during this extended study was any kinin

detected in any incubation containing C2. In all cases,

the smooth muscle preparation detected kinin activity
in HAB plasma and was sensitive to bradykinin at
levels comparable to those in other published reports
(Donaldson et at., 1977; Fields et at., 1983).

The first direct evidence of a role for C2 in kinin
generation was reported by Donaldson et at. (1977),

who observed that incubation of preparations of C2,
Cls and plasmin, but not any two of these proteins,
produced kinin activity. The present results have

shown plasmin to have no effect on C2 or on C2a or

C2b produced byCls cleavage of C2. No kinin activity
was generated in these mixtures. More recently, Sobel

and colleagues (Lopez-Trascasa et al., 1982; Bourgarit

et at., 1983) have reported the generation of kinin

activity from C2 incubated with Cls and then briefly
with trypsin. Again, all three proteins were needed.

Our results have shown that, although C2 is cleaved

C2

C2a

C2b

64
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extensively by trypsin, no kinin activity was generated
either in the presence or absence of Cls. Indeed, our
results suggest that trypsin cleaves C2 at the same site
as C1s. This is consistent with the earlier observations
of Loos, Borsos & Rapp (1972) that trypsin is able to
replace CT in the generation of cell-bound C3 conver-
tase, SAC42.

Purified C2 on incubation with HAE plasma was
found to lose activity after 2 hr. No increase in kinin
activity was found in these plasmas following incuba-
tion for up to 6 hr at 37°. Interestingly, the rate of
activation ofC2 in the asymptomatic and attack phase
plasmas, both having the same Cl INH concentration,
was not noticeably different. This implies that C2
cleavage is a product of incomplete CT control but is
not related to the phase of the disease or to kinin
production.

Soya bean trypsin inhibitor, which has been shown
in this and all previous studies to abolish kinin
generation in HAE plasmas, does not affect the rate of
cleavage of C2 or the products formed. Taken
together, these results suggest that it is unlikely that C2
is the source of kinin activity that can be generated in
HAE plasma. This is consistent with the presence of
low C4 and C2 levels in HAE plasma, regardless of the
disease phase, but the highly episodic and localized
nature of the attacks of oedema.
The observations that mild trauma is often the cause

of onset of an attack had led to suggestions that
oedema is the result of activation of the contact
processes. Our own results (Smith & Kerr, 1983) have
shown that no kinin activity could be generated from
kallikrein or kininogen deficient plasmas depleted of
C1INH by immunoabsorption on anti-ClINH IgG-
Sepharose, whereas considerable activity was gener-
ated from both normal and C2-deficient plasmas
treated in the same way. The experiments were not
conclusive, since the CNBr activation of the Sepharose
produced groups on the resin which were highly
efficient at activating the contact process and therefore
generating bradykinin from normal plasma. However,
the results do suggest that all the kinin activity
generated in ClINH-depleted plasma is dependent on
the kallikrein/kininogen system. This is further sup-
ported by the effect of soya bean trypsin inhibitor in
abolishing the generation of kinin activity in Cl INH-
depleted or deficient (HAE) plasmas. Soya bean
trypsin inhibitor is a potent inhibitor of kallikrein
(Negasawa & Barrett, 1981) and can be used as it was
in this study for the selective affinity purification of
kallikrein from activated plasma.

These observations are consistent with the results of
Schapira et al. (1983) and Witzke et al. (1983) who
showed decreased levels of prekallikrein and high
molecular weight kininogen during symptomatic
periods in patients. Curd et al. (1980) have also
detected active kallikrein in blister fluids obtained
from patients with HAE. This evidence of a role for
kallikrein and kininogen in the mediation of angioe-
dema together with the present results suggesting the
lack of a role for C2 in the generation of plasma kinin
activity, implies the need for a reassessment of pre-
vious data implicating the complement system in the
pathogenesis of HAE. It should, however, be noted
that, although the plasma kinin activity has been
generally assumed to be the same as that causing
oedema, the lesions in HAE are extravascular and it is
possible that investigations of plasma kinin activity
are inadequate. Attempts to identify vasoactive mater-
ial in the extravascular space are presently in progress.
The effects of the injection of Cls, the role of

plasmin in hereditary angioedema and the efficacy of
inhibition of plasminogen activation such as s-amino-
caproic acid or tranexamic acid in the treatment of the
disease remain unclear. However, it is possible that,
since plasmin is present in the highest concentration in
plasma of all the C I INH inhibitable enzymes, it will be
the activation of plasmin which will deplete Cl INH
most readily. If, as has been suggested for the comple-
ment system (Ziccardi, 1983), control of the kinin
system also requires a critical concentration of
C I INH, then depletion of C I INH by plasmin or CTs,
indirectly and therefore sporadically and in a localized
manner, will allow the activation of kinin-producing
enzymes.
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