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Abstract

The response of two patients with autoantibody-mediated Cl-
inhibitor (Cl-INH) deficiency to replacement therapy with
Cl-INH was studied over a period of 3 d. In patient 1 an acute
attack of angioedema was successfully managed by infusion of
1,000 U ofC1-INH concentrate. C1-INH function returned to
normal levels within 30 min., while CH50 and C4 peaked after
6-7 h and Cl hemolytic activity reached 50-60% of normal
after 3 d. Immediately after the injection an increase in Cl-
INH-anti-C-INH complexes was observed. Based on NHr
terminal sequence analysis ofthe patients' M, 96,000 C1-INH,
it is concluded that this fragment is generated after cleavage of
C1-INH in its active site by one of its target proteases without
generating a covalent Cl-INH-enzyme complex. In a second
patient with a four to five times higher anti-Cl-INH antibody
titer, the infusion of500 ml ofplasma or of 2,000 U ofC1-INH
concentrate influenced neither the severity of the patient's an-
gioedema nor the tested parameters, except for an increase in
the amount of Cl-INH-anti-Cl-INH complexes. Analysis of
patients' anti-Ci-INH antibodies revealed that the antibodies
recognize different epitopes within the C1-INH. This suggests
that patients with acquired angioedema type HI are a heteroge-
nous group with respect to the C1-INH autoantibodies.

Introduction

The complement component Cl-inhibitor (Cl-INH)' controls
the spontaneous autoactivation of the first complement com-
ponent (C1) as well as activated Cl (1). In humans a functional
deficiency of Cl-INH is associated with complement activa-
tion and recurrent angioedema (2, 3). The syndrome of heredi-
tary angioedema (HAE) is the most common form of this
disease and is related either to a decreased synthesis of appar-
ently normal Cl-INH protein (HAE type I) (4-6) or to the
presence of a'dysfunctional protein (HAE type EI) (7-9). A
deficiency of CI-INH may also be acquired and is usually
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associated with a lymphoproliferative disease or other malig-
nancies (acquired Cl-INH deficiency type I, acquired angio-
edema [AAE] type I) (10-13). Both HAE and AAE are charac-
terized by low levels or absence of C2, C4, and functionally
active CI-INH (6, 10, 14). In contrast to the hereditary form,
patients with AAE' show a marked decrease of Cl levels, a
normal or slightly increased CI-INH synthesis, and an onset of
symptoms in middle age (10, 13). The deficiency ofCI-INH in
these patients has been suggested to result from an accelerated
catabolism ofCI-INH due to increased activation of Cl (13).

Recently, we have reported a new type ofacquired CI-INH
deficiency caused by autoantibodies against C1-INH (AAE
type II) ( 15). The serum of these patients contained consider-
able amounts of an IgGl anti-Cl-INH antibodies that inter-
fered with CI-INH function. In addition, the CI-INH found in
these patients had a molecular mass of only 96,000 D (normal
Cl-INH, 105,000 D) and was functionally inactive. It was
present in plasma at 60-70% of the normal protein level of
Cl-INH. This molecule presumably resulted from the degra-
dation ofMr 105,000 CI-INH by activated CIs in plasma. In
contrast to AAE type I, no other associated diseases were diag-
nosed in this new type of AAE. Presently, five patients with
AAE type II have been reported, three with IgG and two with
IgA autoantibodies to CI-INH (15-18).

Long-term prophylactic drug treatment with antifibrinoly-
tic agents, danazol, or other androgens is often successfully
used to prevent the potentially lethal manifestations of angio-
edema in patients with HAE or'AAE type I (6, 14, 19, 20).
Acute, life-threatening attacks in these types of angioedema
have been successfully managed by replacement therapy with
CI-INH concentrate (21-23). However, drug treatment in pa-
tients with AAE type II failed to correct the complement ab-
normalities (15, 24). In addition, one patient was found to be
resistant to replacement therapy with purified C1-INH or fresh
frozen plasma (15 ).

In this study we investigated the efficacy of C1-INH re-
placement therapy in two patients with AAE type II and stud-
ied several biochemical parameters in patients' plasma after
administration ofCI-INH. Some of the factors responsible for
the therapy resistance of these patients were determined. In
addition, the patients' CI-INH molecules and anti-Cl-INH
antibodies were characterized by sequence analysis and bind-
ing studies, respectively.

Methods

Protein purification. CI-INH and activated Cls were purified as pre-
viously described (15, 25). In brief, M, 105,000 CI-INH or patients'
CI-INH was affinity purified from plasma on a MAb 13E1 Sepharose
column. This antibody recognized the M, 96,000 CI-INH fragment.
After washing the column, bound Cl-INH was eluted with 3 M
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NaCl/50% ethyleneglycol/PBS and dialyzed against PBS. CI-INH was
labeled with 125I as described (15).

CJ-INH replacement therapy. The C1-INH concentrate (500 U,
Ci-Inactivator HS; Behring, Marburg, FRG) was reconstituted with
sterile distilled water to a final volume of 10 ml and administered
intravenously for a period of 5-10 min. The functional activity of I U
ofCl-INH concentrate corresponded to the C I-INH activity in 1 ml of
normal human plasma. The Cl-INH preparation was homogenous on
SDS-PAGE and contained < 3% of functionally inactive Mr 96,000
CI-INH. Plasma samples were collected in heparinized tubes before
infusion and at different time points (Table I) after administration and
stored at -80'C.

Hemolytic assays. Determination of CH50 (26) and of comple-
ment components Cl, C2, and C4 (27) was performed as previously
described.

ELISA. The details of the experimental conditions (buffers, tem-
perature, volumes, and incubation times) have been previously de-
scribed (15, 25). The protein concentration of Cl-INH and its func-
tional activity were determined as described (25).

Binding ofpatients' autoantibodies to native C1-INH (Mr 105,000)
and to patients' Cl-INH (M, 96,000) was determined on Cl-INH-
coated microtiter plates according to a previously described method
(15). C1-INH bound to the ELISA plate was quantitated by incubation
with serially diluted rabbit anti-C 1-INH antibodies (Dakopatts, Co-
penhagen, Denmark), followed by a 1:1,000 dilution of peroxidase-
conjugated goat anti-rabbit IgG antibodies (Bio-Rad Laboratories,
Munich, FRG). For the detection of CI-INH-anti-CI-INH antibody
complexes in plasma, microtiter plates were coated with a 1:200 dilu-
tion of polyclonal anti-C 1-INH antibodies (Dakopatts) and incubated
with plasma, and bound complexes were detected by a 1:200 dilution
of peroxidase-labeled rabbit antibody to human IgG (Dako). The
maximal amount of CI-INH-anti-CI-INH complexes attainable in
patients' plasma was determined by preincubation of plasma with
equal volumes ofvarious concentrations ofpurified native Cl -INH for
30 min. The resulting immune complexes were detected with micro-
titer plates coated with polyclonal anti-C 1-INH antibodies as de-
scribed above. To determine the binding of patients' anti-CI-INH
autoantibodies to CI-INH fixed to mouse monoclonal anti-CI-INH
antibody 88G2 (28, 29), microtiter plates were coated with 88G2 (10
,gg/ml) and incubated with C1-INH (20 Mg/ml). Serially diluted plasma

was added and human IgG antibodies bound to C I-INH were detected
as described above.

SDS-PAGE and autoradiography. SDS-PAGE was performed as
previously described using 5-20% (wt/vol) gradient gels (15). The gels
were dried and exposed to x-ray films (Eastman Kodak Co., Rochester,
NY) for 1-3 h.

Degradation ofCJ-INH in patients'plasma in vitro. The degrada-
tion of 1251-C1-INH in patients' plasma was determined by SDS-PAGE
after incubating 10 ild of '251-C1-INH (4 X 105 cpm) with 50 gl of
plasma for 3 h at 370C (15). 10 Mil of the sample was then analyzed on
SDS-PAGE.

Amino acid sequence analysis. Amino-terminal sequence analysis
was performed by Edman degradation using 100 Mg of the patients'
affinity-purified Cl-INH and a gas phase sequencer (740A; Applied
Biosystems, Foster City, CA) with an on-line 120A PTH analyzer (30).

Results

Replacement therapy with CJ-INH in patients with
AAE type II
Patient 1. Patient 1 (patient 2 from our previous study; 15) was
treated with Cl -INH concentrate on two different occasions.
In our first study, patient 1 received 500 U of CI-INH con-
centrate (Table I, day 1, 13.30 h) during an acute attack of
angioedema with swelling of the lips, upon which he reacted
with more severe edema. Administration of an additional 500
U of concentrate shortly after the first injection (day 1, 14.00
h) interrupted the progression ofedema formation, which then
resolved within 5 h. Towards the end of this study the patient
had a second attack and received another 500 U of C1-INH
concentrate (day 4, 8.30 h). In response to the first CI-INH
injection, functional Cl-INH activity increased up to 60% of
normal within 5 min, but dropped to 25% within the next 10
min. After the second infusion, Cl-INH activity in plasma
increased to 80-85% of normal and remained at this level for
the next 2 d. The amount ofCl-INH-anti-Cl-INH complexes
increased 2- to 2.5-fold within 15 min after the first infusion.

Table I. Complement and Anti-CJ-INH Autoantibody Levels after Intravenous Administration ofCJ-INH Concentrate
in a Patient with Acquired CJ-INH Deficiency Type II

Day I Day 2 Day 3 Day4

1:30 1:35 1:45 2:00 3:00 8:30 12:00 4:00 8:30 4:00 8:30 9:00 9:30 12:30
p.m. p.m. p.m. p.m. p.m. a.m. p.m. p.m. a.m. p.m. a.m. a.m. a.m. p.m. NHP

CH50 (U/ml) 0 0 0 2 5 20 23 22 25 23 22 23 22 22 25
C1 (U/mlXl&) 1 1 1 2 3 17 21 19 36 38 45 46 45 46 75
C4(U/mlX 102) 1 2 5 7 20 18 15 11 3 1 1 1 1 3 80
C1-INH protein (mg/dl) 12 13 13 13 14 13 13 13 13 12 12 13 12 13 20
C1-INH functional

activity (% ofnormal) 0 60 25 20 60 80 80 80 85 85 80 95 95 90 100
Anti-C l-INH-antibody

titer (X102)* 5 6 5 6 7 6 7 6 6 7 7 7 7 7 0
Cl-INH-anti-C1-INH

complexes titer
(X1O)* 8 7 18 20 20 21 20 20 25 26 25 27 28 28 0

500 U of C1-INH concentrate was injected at time points indicated by arrows. CH50, C 1, C4, C1-INH protein, functional activity, anti-C 1-
INH antibodies, and CI-INH-anti-C 1-INH complexes were determined in plasma samples collected at the indicated times. NHP, normal
human plasma. * Dilution of plasma at which 50% of maximal binding occurs.
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Even though no further drastic increase of complexes was ob-
served after the second injection, there was a slow but constant
increase in Cl-INH-anti-Cl-INH complexes until the end of
this study. C4 hemolytic activity started to increase after the
first injection and reached 25% of normal levels after 1.5 h. It
remained stable for - 18 h but then returned to preinfusion
levels. In contrast to C4, Cl hemolytic activity increased very
slowly and reached its maximal activity of - 60% ofnormal at
the end ofthis study. The immunochemically detectable levels
of Cl-INH protein and of anti-Cl-INH autoantibodies re-
mained unchanged during this study.

Since earlier in vitro studies showed that 1251-labeled Mr
105,000 C I-INH is rapidly degraded to a Mr 96,000 C I-INH in
patients' plasma (15), we tested the collected plasma samples
for their ability to cleave intact C I-INH. The results presented
in Fig. 1 show that degradation of '251-Cl-INH (track 1) to Mr
96,000 CI-INH was completely abrogated after the first injec-
tion of CI-INH concentrate (track 2), but reappeared when
C I-INH functional activity decreased (tracks 3 and 4; for com-
parison see also Table I). Infusion ofanother 500 U ofCI-INH
concentrate completely abolished '25_-CI-INH cleavage for
- 40 h (tracks 5-9). Samples collected before (track 10) and
during the onset of a new attack of angioedema (track 11)
again showed a similar cleavage of '25I-Cl-INH that disap-
peared after administration of another 500 U of concentrate
(tracks 12-14).

During another acute episode of angioedema (second
study), the same patient received 1,000 U ofCI-INH concen-
trate at a time. In contrast to the first study where 2 X 500 U of
concentrate were injected with a delay of 30 min, no exacer-
bation of the edema occurred and the 'patient's symptoms re-
solved within 10-15 h. CI-INH functional activity returned to
80% of normal serum levels within 30 min and C4 hemolytic
activity peaked 6-7 h after the injection. As in the first study,
the amount of C l-INH-anti-C I-INH complexes increased
about threefold after the injection, whereas the amount ofC1-
INH protein and of anti-Cl-INH autoantibodies remained
unchanged (data not shown).

Patient 2. The second patient (patient 1 in our previous
study) had a four to five times higher anti-Cl-INH antibody
titer than patient 1 (15). In two different severe episodes of
laryngeal edema this patient did not respond to infusion of 500
ml of fresh frozen plasma or 2,000 U ofC I-INH. Except for an
increase (two- and sixfold) in C l-INH-anti-C 1-INH antibody
complexes immediately after the infusions, all other parame-
ters tested above remained unchanged in samples collected at
various time points after therapy with C1-INH (not shown). In
addition, no significant changes in edema formation were ob-
served in this patient during the replacement therapy with
C 1-INH.

Amino acid sequence analysis ofpatients' CJ-INH
While the C1-INH in normal human serum had an Mr of
105,000 in SDS-PAGE, the patients' Cl-INH had an M, of
only 96,000 (15). To determine the Mr differences between
these two forms of Cl-INH, Cl-INH from patient plasma or
C1-INH from normal human plasma was affinity purified and
its NH2-terminal amino acid sequence was analyzed by auto-
mated Edman degradation. When normal Cl -INH (Mr
105,000) was subjected to amino-terminal sequence analysis, a
unique amino acid sequence was identified, the sequence
being identical to the amino terminus ofthe Cl-INH molecule
(data not shown). In contrast, when the patients' C[-INH (Mr
96,Q00) was sequenced, in each cycle a double amino acid
sequence was obtained, corresponding to the amino terminus
of intact C1-INH and to the sequence starting at position 445
of the Cl-INH sequence (Fig. 2). Quantitation of the phenyl-
thiohydantoin-amino acids showed a 1:1 ratio of the M,
96,000 fragment of C1-INH (residues 1-444) and of the 34
amino acid peptide (residues 445-478). This suggested that
CI-INH is cleaved by one of its target proteases between the
Arg-Thr bond (residues 444 and 445) in the active site of Cl-
INH (Fig. 2).

Since the MAb (13E 1) used for the affinity purification of
Cl-INH is directed against the 96,000-D fragment (residues
1-444), it is of interest that the small carboxyl-terminal frag-
ment of Cl-INH (residues 445-478) was copurified on this
column. This indicated that this' 34 amino acid peptide re-
mains tightly bound to the 96,000-D fragment after the cleav-
age ofCl-INH by one of its target proteases. This is in accor-
dance with previous findings showing that denaturing condi-
tions (1% SDS) are required to separate this small peptide from
Cl-INH-Cls complexes (31).

Analysis ofpatients' anti-Cl-INH antibodies
During the analysis of patients' anti-Cl-INH antibodies we
found that the patients' anti-Cl-INH antibody titers (Fig. 3 A)
did not correlate with the amount of Cl-INH-anti-CI-INH
complexes detected in plasma (Fig. 3 B). Although patient 2
had an antibody titer approximately four times higher than
patient 1, the latter had - 8-10 times more Cl-INH-anti-Cl-
INH complexes in plasma. Addition of purified Mr 105,000
Cl -INH to plasma increased the amount ofcomplexes in vitro
- 4 and 100 times in patients 1 and 2, respectively. This
discrepancy was further analyzed by comparing the binding of
anti-Cl -INH antibodies to Mr 96,000 C1-INH and to Mr
105,000 Cl-INH. Fig. 3 C shows that patient 2 had a four
times higher antibody titer than patient 1 when tested with Mr
105,000 Cl-INH; whereas, when tested with Mr 96,000 C1-
INH, patient 1 had a two to three times higher antibody titer
than patient 2. A polyclonal antibody to C1-INH bound to

1 2 3 4 5 6 7 8 9 101 11 12 13 14' 15 Figure 1. Cleavage of'25I-labeled Cl-INH in plasma
II samples collected before and after the infusion ofCl-

105 KO- - INH concentrate in patient 1 with acquired angioedema
96KO-=-T--wtype II. Plasma samples collected during the replacement

therapy were incubated with 125I-labeled Cl-INH for 3 h
at 37°C, separated in 5-20% SDS-PAGE, and exposed to

1st day '2nd day '3rd lth day NHP ''x-rayfilms. Sampleswerecollectedatthefollowingtime
day points: day 1, 1:30 p.m.(l), 1:35 p.m.(2), 1:45 p.m.(3), 2

p.m.(4), and 3 p.m.(5); day 2, 8:30 a.m.(6), 12 p.m.(7), and 4 p.m.(8); day 3, 8:30 a.m.(9) and 4 p.m.(1O); and day 4, 8:30 a.m.(JJ), 9 a.m.(12),
9:30 a.m.(13), and 12:30 p.m.(14). Normal human plasma (NHP) served as a control(15).
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Figure 2. NH2-terminal amino acid sequence analysis of patients' M,
96,000 CI-INH and its alignment with the C1-INH sequence (36).
The cleavage site ofCl-INH for its target proteases is marked by an
arrow.

both Cl-INH molecules equally well. In addition, one of the
recently described anti-Cl-INH MAbs (28, 29) inhibited the
binding of the antibody of patient 1 to CI-INH, but not of
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patient 2 (Fig. 4). These results show that the patients' anti-
Cl-INH antibodies recognize different epitopes in C1-INH,
indicating that patients with AAE type II produce distinct au-

toantibodies recognizing different epitopes in CI-INH.

Discussion

\ ~Acute, life-threatening angioedema in patients with HAE or

.> IO~..~;III-ii^ AAE type I is successfully managed by infusion of Cl-INH
n (21-23). However, patients suffering AAE type II have been

1.0 found to be resistant to C I-INH replacement therapy (partially
1: 30 120 480 1920 l 30 120 480 192 or completely) (15, 24). To understand more about this we

Dilution of plasma studied several parameters during CI-INH therapy in two pa-

tients with AAE type II.
20-TessS**>, 20 S The administration of 500 U of CI-INH concentrate to

patient I was insufficient for arresting an attack of angio-
16 edema. Rather, this amount of Cl -INH was found to aggra-

vate the edema (first attack). This was surprising since in HAE
\ * _ 12 i\ or AAE type II patients the same dose of CI-INH is usually

\\effective and well tolerated, and attacks ofangioedema precipi->Aa \u tated by the infusion of CI-INH have never been described

0 (1 1, 21-23). However, the patient's symptoms resolved after
the injection of an additional 500 U of Cl-INH concentrate.

c°0o4 When 1,000 U of Cl-INH was injected at once in another
angioedema attack of patient (second study) no increase in

edema formation was observed. Although it is difficult at pres-
1: 20 40 80 160 320 640

Dilution of patient's plasma
Buffer 1:20 80 320 Buffer

Dilution of rabbit polyclonal
anti - CT- INH antibody

Figure 3. (A) Determination of anti-C I-INH antibody titer in pa-
tients' plasma. Microtiter plates coated with Mr 105,000 C[-INH
were incubated with serially diluted plasma of patient 1 (A) or patient
2 (e), and with normal human plasma (x). IgG antibodies bound to
C I-INH were detected by peroxidase-labeled antibody to human
IgG. (B) Detection ofCl-INH-anti-C I-INH immune complexes in
patients' plasma. Serially diluted plasma of patient 1 (A, A), patient 2
(o, *), or normal human plasma (x) was pretreated with buffer (A, o,
x) or purified M, 105,000 Cl-INH (A, , x) and incubated with poly-
clonal anti-CI-INH antibody-coated microtiter plates. Cl-INH-
bound anti-Cl-INH antibody was detected by peroxidase-labeled
anti-human-IgG antibody. (C) Binding of patients' anti-C l-INH an-

tibodies to purified M, 105,000 CI-INH and to patients' Mr 96,000
C[-INH. Mr 105,000 CI-INH (A, o, m) or patients' Mr 96,000 C1-
INH (A, o, a) were bound to microtiter plates, incubated with serial
dilutions of plasma of patient 1 (A, A), patient 2 (o, .), and polyclo-
nal anti-CI-INH antibody (a, *). Cl-INH-bound antibody was de-
termined by peroxidase-labeled anti-human IgG and anti-rabbit IgG
antibody, respectively.

ent to draw any definite conclusion on the underlying pro-

cesses, the data obtained from the parameters studied provide
evidence for the following mechanism. After the first injection
the functional activity ofCl-INH is rapidly neutralized by the
patient's anti-C I-INH autoantibody. This is indicated by the
transient increase in CI-INH functional activity and the sub-
sequent two- to threefold rise in Cl-INH-anti-Cl-INH com-

plexes in the patient's plasma (Table I). After the second injec-
tion no further increase in C l-INH-anti-Cl-INH antibody
complexes was observed. This suggests that no more free anti-
C1-INH antibodies were present to neutralize C I-INH func-
tion. The deterioration in patient's edema after the first Cl-
INH injection remains unexplained. It could result from the
increased formation of immune complexes causing a rise in
uncontrolled activation of the classical pathway of comple-
ment in the patient's plasma. Alternatively, it could have been
an idiosyncratic response, since no increase in angioedema was
observed in patient 2. No aggravation of edema was observed
when 1,000 U ofC I-INH were administered to patient 1 (sec-
ond study). In this case Cl-INH activity increased to 80% of
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normal, although the amount of Cl-INH-anti-CI-INH com-
plexes again rose threefold after the injection. Therefore, it is
very likely that patients with AAE type II require more Cl-
INH to abrogate an attack of angioedema than those with
other types of angioedema since the autoantibodies have to be
neutralized before a sufficient plasma level of functionally ac-
tive C I-INH can be achieved.

In vitro, the amount ofCl-INH required to neutralize the
anti-Cl-INH antibodies may be calculated by adding purified
CI-INH to plasma and assessing the amount of Cl-INH-anti-
C1-INH complexes. By using an ELISA, the addition of 40
(patient 1) or 400 ,g (patient 2) of purified C I-INH to 1 ml of
plasma resulted in a maximum immune complex formation
(data not shown), indicating a complete neutralization of
anti-Cl-INH antibodies. These amounts of CI-INH corre-
spond to the infusion of 600 U (1 U is equivalent to 1 ml of
plasma or 0.2 mg of Cl-INH) and of 6,000 U of Cl-INH
concentrate into patient 1 and patient 2, respectively (an as-
sumed average total plasma volume of 3 liters). Therefore, the
calculated Cl-INH dosages correspond to the evaluated effec-
tive dosage in the case ofpatient 1 and explain the inefficacy of
2,000 U ofCI-INH in patient 2.

Throughout our study we did not see any significant
changes in the amount of the patients' anti-CI-INH antibod-
ies. However, the slight increase in Cl -INH-anti-C 1 -INH
complexes between the days 2 and 4 remains to be explained.
After reaching a sufficient plasma level of CI-INH functional
activity the response ofpatient 1 was found to be similar to the
one reported for HAE and AAE type I patients (1 1, 20-23). C4
hemolytic activity transiently increased to 25% of normal
levels and Cl titers reached 60% of normal at the end of the
study. As previously suggested, this delay in increment in Cl
and C4 titers might be due to the synthesis of new protein
and/or the decreased catabolism of these proteins (13, 27).
Interestingly, the C4 hemolytic activity decreased again after

18 h, although CI-INH functional activity was still 80-85%
of normal (Table I). Since even small soluble immune com-
plexes have been found to activate C1 in the presence of di-
minished levels of CI-INH (32), the drop in C4 titer may be
due to the consumption ofC4 by activated Cl in the presence
of patient's Cl-INH-anti-Cl-INH complexes.

Amino-terminal amino acid sequence analysis showed that
C I-INH in these patients is cleaved between the Arg-Thr bond
(residues 444-445) in its active site, presumably by one of its
target proteases. In contrast to normal human serum, where
such a cleavage results in the formation of irreversible, cova-
lent Cl-INH-enzyme complexes (33), no stable complexes
were formed in the patients' plasma. Here these complexes
seem to dissociate again into the active serine esterase and the
modified, inactive CI-INH (Mr 96,000). This dissociation was
postulated to be due to the presence of the autoantibodies to
CI-INH (34, 35). Therefore, these antibodies may modify Cl-
INH-target protease interactions as follows:

normal individuals, E + I =E:: I E-I*;
AAEtype II patients, E + I =E::I E- --I*-. E + I*,

where E = enzyme, I = C1-INH, and I* = modified, inactive
C1-INH. According to this scheme, the enzyme is released in
an active form and can bind to and inactivate another C I-INH
molecule. Therefore, small amounts of active enzyme may

consume large amounts of Cl -INH, thus decreasing the half-
life of functionally active C1-INH in AAE type II patients.

We have also shown in this study that the patients' anti-
C1-INH antibodies recognize different epitopes in the C1-INH
molecule (Figs. 3 and 4). This indicates that patients with AAE
type II are heterogenous with respect to their anti-Cl-INH
antibodies. The antibody of patient 2 was found to recognize
the 105,000-D C1-INH more than 100 times better than the
96,000-D C1-INH when compared with only a fourfold differ-
ence in patient 1 (Fig. 3 C). Therefore, the discrepancy be-
tween the titer of the antibody and the amount of C1-INH-
anti-Cl-INH complexes in the patients' plasma is due to a
difference in the recognition of the 96,000-D C1-INH by the
patients' antibodies (Fig. 3 A and B).

In regard to C I-INH replacement therapy, the difference in
the recognition ofMr 105,000 C1-INH and M, 96,000 CI-INH
may also be of therapeutic relevance. The low affinity of the
antibody for the M, 96,000 C1-INH may indicate that C1-INH
injected into patient 2 will not only bind to free autoantibod-
ies, but will also dissociate the existing Mr 96,000 C1-INH-
anti-Cl-INH complexes to form the more stable M, 105,000
Cl-INH-anti-Cl-INH antibody complexes. In contrast, the
anti-Cl -INH antibody of patient 1 will form more stable
complexes with the M, 96,000 C1-INH and the injected native
C1-INH would not dissociate the existing complexes. As a
consequence, patient 2 would require more Cl -INH concen-
trate to neutralize the autoantibodies than patient 1. There-
fore, these differences in the affinity of the anti-Cl-INH auto-
antibodies for the Mr 105,000 C1-INH and the Mr 96,000
C1-INH could be useful to predict whether or not C1-INH
replacement therapy will be successful in a given patient suffer-
ing from AAE type II.

In summary, the responses of two patients suffering from
AAE type II to replacement therapy with Cl-INH were as-
sessed. In comparison to HAE or AAE type I, patients with
AAE type II were found to require higher dosages of C1-INH
to overcome the neutralizing effect of the anti-Cl-INH anti-
bodies present in the plasma and to achieve sufficient plasma
levels of functionally active C1-INH. In one patient the effi-
cacy of the treatment was also evidenced by the in vivo synthe-
sis of C4 and Cl. However, the therapeutic effect in this pa-
tient was only transient, presumably because of the activation
of Cl in the presence the Cl-INH-anti-Cl-INH complexes
and the subsequent consumption ofC4 and C1-INH. The fail-
ure in C1-INH treatment in the second patient most probably
was due to the higher anti-Cl-INH antibody titer and the
lower affinity of the patient's anti-Cl-INH autoantibody for
the abnormal Mr 96,000 C[-INH.
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