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Summary

Hereditary angioedema (HAE) patients experience recurrent episodes of
angioedema attacks that can be painful, disfiguring and even life-threatening.
The disorder results from a mutation in the gene that controls the synthesis
of C1-inhibitor (C1INH). C1INH is a major regulator of activation of the
contact system. It is often assumed that attacks results from uncontrolled
local activation of the contact system with subsequent formation of brady-
kinin. To evaluate the involvement of inflammatory reactions in HAE, we
analysed C-reactive protein (CRP) levels. HAE patients included in a clinical
database of recombinant human C1-inhibitor (rhC1INH) studies were
evaluated. For the current study we analysed CRP levels when patients were
asymptomatic, during a clinical attack and in a follow-up period, and corre-
lated these with the clinical manifestations of the attack. Data from 68 HAE
patients were analysed and included CRP levels on 273 occasions. While
asymptomatic, 20% of the patients analysed had increased CRP. At the onset
of the attack (P = 0·049) and during the next 24 h CRP rose significantly
(P = 0·002) in patients with an abdominal location, and post-attack levels
were significantly higher in these patients than in patients with attacks at
other locations (P = 0·034). In conclusion, CRP levels are elevated in a sub-
stantial proportion of asymptomatic HAE patients. Levels of CRP increase
significantly during an abdominal attack. These data suggest low-grade sys-
temic inflammatory reactions in HAE patients as well as a triggering event
for attacks that starts prior to symptom onset.
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Introduction

Hereditary angioedema (HAE) results from a mutation in
the gene coding for the plasma protein C1-inhibitor
(C1INH) [1,2]. HAE patients experience recurrent episodes
of pain and oedema that can be located at various sites in
the body, such as in the extremities and the urogenital tract.
Submucosal swelling in the upper airways can lead to life-
threatening asphyxia, whereas abdominal attacks present as
a functional bowel obstruction causing extreme pain [3,4].

C1INH controls three intertwined cascade systems: the
contact system, the classical and lectin complement path-
ways and the factor XII-dependent fibrinolytic cascade. Of
these, the contact system is generally considered the most
important for the pathogenesis of the angioedema attacks
[5,6].

Activation of the contact system generates bradykinin
(BK), which can bind to receptors on endothelial cells and
mediate vasodilatation and increased permeability. BK is
cleaved off from high-molecular-weight kininogen (HK) by
kallikrein, which is generated from prekallikrein by acti-
vated factor XII (factor XIIa). C1INH regulates the activity
of kallikrein as well as that of factor XIIa [7–9]. Hence, a
lack of C1INH, as occurs in HAE, results in enhanced BK
formation, which presumably explains why C1INH defi-
ciency leads to angioedema [1–3,5,6].

The effects of BK and its metabolites such as vasodilata-
tion, increased vascular permeability, sensorial and sympa-
thetic nerve stimulation and smooth muscle contraction are
mediated by two types of G-protein coupled receptors, B1R
and B2R. These receptors occur on vascular endothelium,
primary sensory afferent neurones and vascular and
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non-vascular smooth muscle cells [7–9]. B2R is expressed
constitutively, while B1R is absent in most tissues under
physiological conditions [7,8]. B1R is up-regulated by cells
upon exposure to bacterial endotoxins, tissue trauma and
inflammation suggesting a role for B1R in pathophysio-
logical processes [10–12]. Differential expression of these
receptors explains the pharmacological effects of B1R and
B2R antagonists in inflammatory conditions. Early in
inflammation plasma-extravasation reacts to a B2R antago-
nist, whereas later, when inflammation becomes chronic,
B1R antagonists are more efficacious [13,14].

In HAE, B2R is considered to be the main BK receptor
involved in vasopermeability changes with a minor, if any,
role for B1R [7,15], implying that BK, the main agonist for
B2R, is the main mediator of angioedema. However, ex-vivo
studies by Bossi and co-workers showed that prevention of
vascular leakage across cultured endothelial cells induced by
HAE (C1INH-deficient) plasma required blocking of both
B2R as well as B1R, suggesting the involvement of both
receptors in an acute angioedema attack in HAE [16].
Expression of B1R by endothelial cells, however, requires
stimulation by cytokines such as tumour necrosis factor
(TNF)-α or interleukin-1 (IL)-1β [7,11–13], which are not
known to be involved in HAE.

TNF and IL-1 via induction of IL-6 stimulate the synthe-
sis of C-reactive protein (CRP) by the liver [17–22]. Hence,
CRP levels reflect the release of these cytokines in vivo. In
the present study we analysed CRP levels in a cohort of
HAE patients enrolled in randomized controlled trials with
recombinant human C1INH [23–26]. As part of the clinical
protocol, CRP levels were measured at various time-points
[26]. We evaluated CRP levels before, during and after HAE
attacks and analysed how levels were related to clinical
manifestations of the attack.

Materials and methods

Patients

All patients included in this study were enrolled into two
randomized, double-blind, placebo-controlled studies to
evaluate recombinant human C1INH (rhC1INH) as a treat-
ment for hereditary angioedema attacks [24–26]. Patients
could participate when they were older than 12 years, had
signed informed consent and had a plasma level of func-
tional C1INH < 50% of normal to confirm the diagnosis
[24]. They were instructed to come to a clinical centre when
they had onset of moderate to severe angioedema symp-
toms at any anatomical location. Severity of symptoms was
determined using a set of visual analogue scale (VAS)
scores. An angioedema attack was eligible when the overall
severity of at least one location of the attack had been
rated by the patients as ≥ 50 mm on a 100-mm VAS at
presentation.

As part of the clinical protocol, high-sensitivity CRP tests
and erythrocyte sedimentation rate (ESR) tests were per-
formed with samples from the patients at screening when
they were asymptomatic (this time-point is referred to as
baseline), 45 min before, 24 h (referred to as day 1), 7 days
and 22 days after study drug infusion (rhC1INH or saline)
[26]. Overall, 70 HAE patients with an eligible attack
treated with saline or rhC1INH were included in the two
RCTs (Fig. 1). Two of these 70 patients (one with systemic
lupus erythematosus, another with prostatitis and tendini-
tis) were excluded from the present study because they had
an underlying disease that could impact on CRP levels.

CRP levels were measured by the local clinical chemistry
laboratory using high-sensitivity assay, with normal ranges
varying from 0–0·3 to 0–1·0 mg/dl. For the analysis the
absolute value was used without correction for differences
between laboratories, as CRP is a well-defined biochemical
parameter. To assess whether the actual level was elevated
compared to normal controls, the normal range of the local
laboratory was used.

Blood counts and differentials of the patients were deter-
mined in the local laboratory.

Data analysis

Normally distributed data are expressed as the mean and
the range. Data not normally distributed are given as the
median and the range. Differences in CRP and ESR levels at
the various time-points in individual patients were calcu-
lated with the Wilcoxon paired-sample test (two-sided).
Differences in age, body mass index (BMI) and attack rate
as well as differences in CRP levels of attacks at different
locations were analysed with the Mann–Whitney U-test
(two-sided). Further, distribution of gender and use of pro-
phylactic therapy of patients with attacks at different loca-
tions were analysed with Fisher’s exact test. Differences in
CRP levels at all time-points between patients with various
forms of prophylactic therapy were analysed with the
Kruskal–Wallis test. Correlation between parameters was
calculated with Spearman’s correlation coefficient. A
P-value ≤0·05 was considered to represent a significant

2 patients excluded for CRP analysis
• 1 systemic lupus erythematosus
• 1 prostatitis, tendinitis

68 patients analysed for CRP
• 30 abdominal attacks
• 27 peripheral attacks
• 10 oro-facial-pharyngeal attacks
• 1 urogenital attack

70 patients included in
RCT

Fig. 1. Overview of hereditary angioedema (HAE) patients included

in the analysis of C-reactive protein (CRP) levels. RCT, randomized

controlled trial.
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difference. The analysis was performed with Graph Pad
Prism versions 5 and 6.

Results

Patients included in the study

Of the 68 patients included, 30 patients had an abdominal
location of the attack when presenting at the clinical centre,
whereas the remaining patients had attacks at other locations,
referred to together as non-abdominal locations (Fig. 1).
Thirteen patients had an attack at multiple locations. There
were no differences in age, gender, BMI, use of prophylactic
medication and self-reported attack rate between patients
with or without an abdominal location of the attack. The
mean age, gender, BMI, average attacks per year and use of
prophylactic medication are listed in Table 1. Other medica-
tions used as prophylactic therapy were C1INH (n = 19),
plasma kalikrein inhibitor (n = 5), fresh frozen plasma (n = 5)
and selective bradykinin B2 receptor antagonists (n = 2).

CRP levels at 276 occasions during the clinical trial from
68 patients were available. Table 2 gives an overview of the
CRP values available for analysis. Levels on three occasions
(in three different patients) were excluded from analysis
because of an intercurrent event that may have influenced
CRP levels; one patient had tonsillitis on day 22; in one
patient swelling around the intravenous (i.v.) site occurred,
and one patient developed erythema on the left wrist on
day 1 (Table 2).

CRP levels at baseline and during attacks

The majority of the patients (37 patients, 54%) had elevated
CRP on one (16 patients, 24%) or multiple (21 patients,
31%) occasions. At baseline, 12 patients (20%) had elevated
CRP levels. In the presence of an attack, 23 (38%) patients
had elevated CRP levels, whereas on day 22 after the attack in
the absence of symptoms 15 (28%) patients had elevated
CRP. Within the first 5 h after onset of an abdominal attack
CRP levels were significantly higher than in the absence of an
attack screening (P = 0·002) on days 7 (P = 0·004) and 22

after the attack (P = 0·0003). CRP levels early during the
attack at presentation at the clinical centre tended to be
higher than at screening or at days 7 and 22 after the attack,
but this difference was not significant. Finally, CRP levels on
day 1 as well as on days 7 and 22 did not differ significantly in
patients who received saline compared to patients who
received rhC1INH (P = 0·516 for day 1; P = 0·267 for day 7;
and P = 0·993 for day 22, respectively). CRP levels in patients
who used prophylactic therapy did not differ from those who
did not at any given moment (any prophylaxis P = 0·551,
androgens P = 0·502, C1INH = 0·108). Thus, these data dem-
onstrate that CRP levels in asymptomatic HAE patients can
be elevated above the normal range, and that 24 h after attack
onset average CRP levels are higher than before the attack.

Comparison of CRP levels in abdominal and
non-abdominal attacks

Of the 68 patients, 30 had abdominal symptoms (Fig. 1 and
Table 2). In the patients with an abdominal location of the
attack, CRP levels within the first 5 h after onset of symp-
toms were significantly higher than baseline levels

Table 1. Overview of the hereditary angioedema (HAE) patients

included in the analysis for C-reactive protein (CRP).

Male (n, %) 23 (34%)

Female (n, %) 45 (66%)

Mean age (range) years 40 (17–71)

Mean body mass index (range) 27 (18–45)

Mean number (range) of attacks/year 30 (0–101)

Mean number (range) of abdominal attacks/year 12 (0–50)

Number of patients (%) on prophylactic therapy 52 (76%)

Number of patients (%) using androgens 36 (53%)

Number of patients (%) using C1 inhibitor 19 (28%)

Number of patients (%) using antifibrinolytics 9 (13%)

Number of patients (%) with other therapy 15 (22%)

Table 2. C-reactive protein (CRP) levels before, during and after an

attack in 68 hereditary angioedema (HAE) patients.

Baseline

n† Missing‡ Elevated CRP (%)

Total 59 9 12 (20%)

Abdominal 26 4 4 (15%)

Non-abdominal 33 5 8 (24%)

< 5 h

n Missing Elevated (%)

Total 63 5 18 (29%)

Abdominal 29 1 8 (28%)

Non-abdominal 34 4 10 (29%)

Day 1

n Missing Elevated (%)

Total 60§ 6 23 (38%)

Abdominal 27 2 14 (52%)

Non-abdominal 33 4 9 (27%)

Day 7

n Missing Elevated (%)

Total 38 30 10 (26%)

Abdominal 19 11 6 (32%)

Non-abdominal 19 19 4 (21%)

Day 22

n Missing Elevated (%)

Total 53¶ 14 15 (28%)

Abdominal 22 8 5 (23%)

Non-abdominal 31 6 10 (32%)

†Number of patients with available CRP level at the indicated time-

point; ‡number of patients with no CRP value at the indicated time-

point; §two CRP values excluded because of drug reactions; ¶one CRP

value excluded because of tonsillitis in the patient.
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(P = 0·049; Fig. 2). Levels increased further on day 1
(Fig. 2). In contrast, CRP levels in the patients with non-
abdominal attacks did not change significantly over time
(Fig. 3). On day 1, 52% (14 of 27 patients) of the patients
with an abdominal attack had elevated CRP versus only
27% (nine of 33 patients) of the other patients (Table 2).
Moreover, levels on day 1 were significantly higher
(P = 0·034) in the abdominal group compared to patients
with a non-abdominal location.

A similar effect was observed for the ESR, which was
found to be increased in particular following abdominal
attacks. Moreover, this increase was most marked on day 7
and not on day 1 (Fig. 4), in agreement with the notion that
the ESR increases more slowly than CRP [27]. The median
ESR more than doubled compared to baseline (6·0 mm/h at

baseline, 15 mm/h on day 7) and 20% (five of 25) of tests
were outside the reference range on day 7.

CRP levels in patients with multiple locations

Thirteen patients had attacks at multiple locations during
the same episode. CRP levels of these patients did not differ
significantly from those in patients with a single location,
except for levels on day 22 after the attack, which were sig-
nificantly higher in the patients with multiple locations
(P = 0·023). Also, the mean CRP level during asymptomatic
periods, which was defined as the mean of levels at baseline
and on days 7 and 22, was significantly higher in the popu-
lation that reported attacks at multiple locations (P = 0·034;
Fig. 5), suggesting a somewhat higher CRP level during
asymptomatic periods in patients with attacks at multiple
locations. Finally, we did not find a correlation between the
attack frequency and the average CRP level during asymp-
tomatic periods at baseline, and on days 7 and 22 after the
attack (P = 0·516).

Discussion

The synthesis of CRP in the liver is regulated by cytokines
[17–22]. As the half-life of clearance from the circulation of
CRP is approximately 19 h [28] versus that of most
cytokines of less than 1 h, circulating levels of this acute
phase protein provide a convenient, indirect but sensitive
biomarker for the production of cytokines in vivo. In the
present study we analysed circulating CRP levels in HAE
patients as an indirect parameter for in-vivo cytokine pro-
duction. Our study yielded some remarkable findings: (i)
CRP is elevated in HAE patients in the absence of an attack;
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Fig. 2. C-reactive protein (CRP) levels before, during and after an

attack in hereditary angioedema (HAE) patients with an abdominal

location of the attack. Solid lines indicate the median in each group.

The dotted line shows the mean upper level of normal as used by the

laboratories which performed the determinations. The differences

between levels at various time-points were analysed with Wilcoxon’s

paired-sample test (two-sided P-value).
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Fig. 3. C-reactive protein (CRP) levels before, during and after a

non-abdominal attack. Solid lines indicate the median in each group.

The dotted line shows the mean upper level of normal as used by the

laboratories which performed the determinations.
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(ii) increases of CRP levels during an angioedema attack
occur mainly in patients with abdominal locations; (iii) the
rise in CRP in patients with abdominal attacks occurs early
in the course; and (iv) CRP levels are somewhat higher in
asymptomatic patients who develop attacks at multiple
locations.

CRP levels reported in this study were determined in
several laboratories which, due to interlaboratory variation,
may have influenced the results. However, during the last
decade efforts have been made to improve the standardiza-
tion of CRP assays, as levels in the normal range of indi-
vidual patients are interpreted regarding cardiovascular risk
using population-based cut-off points. Therefore, CRP
levels determined in different laboratories in general are
comparable. Nevertheless, results of the study may have
been influenced by some interlaboratory variation. To over-
come this study limitation we performed a sensitivity analy-
sis of a subgroup of patients using the same CRP cut-off
value. Similar results were found. Therefore, we do not
think that the conclusions of this study have been influ-
enced by interlaboratory variations of CRP measurements.
Furthermore, we did not use absolute levels of CRP for the
analyses, but rather focused on the CRP variations in indi-
vidual patients over time and on levels relative to those of
regional normal healthy controls. Moreover, our data of a
low-grade inflammation in asymptomatic HAE patients are
confirmed by a recent study on leucocytosis in HAE
patients [29]. In that study, seven of 13 HAE patients had
CRP levels just above the normal level at inclusion, when

they were without symptoms. Finally, a low-grade inflam-
matory response in the HAE patients reported here was
confirmed by the increase of ESR after an attack.

We can only speculate about the cause of increased CRP
levels in asymptomatic HAE patients. A recent study with
17 HAE patients showed that various cytokine levels
increase during an HAE attack. Interestingly, IL-17 was also
elevated in the absence of symptoms [30]. This cytokine
stimulates CRP expression in hepatocytes and smooth
muscle cells [31]. Therefore, the presence of IL-17 during
asymptomatic periods could be a possible explanation for
CRP increase. Interestingly, IL-17 production can be
induced by bradykinin [32,33]. Therefore, we speculate that
the slightly increased CRP concentrations in HAE actually
reflect increased exposure to bradykinin in asymptomatic as
well as during acute attacks due to poor control of contact
activation in C1INH deficiency.

CRP levels did not change in patients suffering from a
non-abdominal attack. Hence, these attacks are apparently
not triggered by processes that elicit cytokine responses.
One may therefore question the role of suggested triggers of
attacks such as minor trauma or inflammation [3], as these
may induce cytokines.

Strikingly, patients suffering from abdominal attacks
showed significant increases of CRP when presenting for
treatment and in particular on day 1 after the treatment
(Fig. 2). As it takes CRP plasma levels 6–12 h to increase
after cytokine stimulation, and the symptoms had only been
present for less than 5 h when the patients came for treat-
ment, these data suggest that the CRP increase preceded the
patient’s symptoms [28]. Moreover, it can be speculated
that vasodilatation and oedema in the intestinal mucosa
affect the epithelial barrier of the gastrointestinal tract.
Impaired barrier function may, in its turn, result in translo-
cation of bacteria, fungi or endotoxins from the intestinal
lumen into the bloodstream [34,35]. These agents trigger
cytokine production and subsequently increase CRP
production. This could be a possible explanation for the
observed CRP increase following abdominal attacks.
Further, it seems reasonable to speculate that this
endotoxaemia contributes to the severity of the clinical
symptoms of an abdominal attack.

The finding that CRP is often elevated in asymptomatic
HAE patients has intriguing mechanistic implications. Cur-
rently it is generally accepted that the main receptor
involved in angioedema attacks is the bradykinin receptor
B2R with a minor, if any, role for B1R [7,16]. A main reason
for this notion is that, in contrast to B2R, B1R is not
expressed constitutively but rather is exposed by endothelial
cells upon stimulation with cytokines [10–12]. However,
B2R stimulation by BK is notorious for induction of hypo-
tension [36] and it remains unclear why, in spite of detect-
able bradykinin levels in the circulation, hypotensive
reactions are uncommon in symptomatic HAE patients
[37,38]. We suggest that lack of hypotension in HAE attacks
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reflects rapid desensitization of B2R [39,40], raising doubts
about a dominant role of this receptor in angioedema
attacks. Our findings reported here leave room for a role of
B1R, as CRP increases in HAE patients point to increased
exposure to inflammatory cytokines which can up-regulate
B1R on the vessel endothelium. This hypothesis of B1R
involvement during HAE attacks is strengthened by the
study mentioned above, showing that cytokine levels
increase during an HAE attack [29].

Interestingly, patients with multiple locations of attacks
had higher CRP levels (Fig. 5). One may speculate that this
reflects higher cytokine production in these patients and
therefore a higher chance of exposure of B1R at multiple
sites. Strikingly, increases of CRP in the absence of
leucocytosis have also been reported in patients with
angioedema due to the use of angiotensin-converting-
enzyme (ACE)-inhibitors, whereas patients on ACE-
inhibitors without angioedema had normal CRP values
[41]. This suggests that also in ACE-inhibitor-associated
angioedema B1R may be involved, either or not in addition
to B2R. Ohsawa and colleagues measured CRP levels in 17
HAE patients with abdominal attacks. White blood cell
counts were significantly higher compared to attacks
located elsewhere, and consistent with our observation
there was no further rise in CRP within the first hours after
onset of symptoms [29].

Conclusion

This study shows for the first time that increases in CRP
occur often in HAE patients. Elevated CRP levels were
observed frequently during angioedema attacks as well as
during asymptomatic periods. We suggest that increased
CRP levels point to increased production of cytokines in
HAE patients. These data suggest a possible role for B1R in
the pathophysiology of HAE.
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