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Summary

Growing evidence suggests a prominent role of the complement system in
the pathogenesis of cardio- and cerebrovascular diseases (CVD). Mannan-
binding lectin-associated serine proteases (MASPs) MASP-1 and MASP-2 of
the complement lectin pathway contribute to clot formation and may repre-
sent an important link between inflammation and thrombosis. MBL-
associated protein MAp44 has shown cardioprotective effects in murine
models. However, MAp44 has never been measured in patients with CVD
and data on MASP levels in CVD are scarce. Our aim was to investigate for
the first time plasma levels of MAp44 and MASP-1, -2, -3 concomitantly in
patients with CVD. We performed a pilot study in 50 healthy volunteers, in
stable coronary artery disease (CAD) patients with one-vessel (n = 51) or
three-vessel disease (n = 53) and age-matched controls with normal coronary
arteries (n = 53), 49 patients after myocardial infarction (MI) and 66 patients
with acute ischaemic stroke. We measured MAp44 and MASP-1 levels by
in-house time-resolved immunofluorometric assays. MASP-2 and MASP-3
levels were measured using commercial enzyme-linked immunosorbent
assay kits. MASP-1 levels were highest in subacute MI patients and lowest in
acute stroke patients. MASP-2 levels were lower in MI and stroke patients
compared with controls and CAD patients. MASP-3 and MAp44 levels did
not differ between groups. MASP or MAp44 levels were not associated with
severity of disease. MASP and MAp44 levels were associated with cardiovas-
cular risk factors including dyslipidaemia, obesity and hypertension. Our
results suggest that MASP levels may be altered in vascular diseases. Larger
studies are needed to confirm our results and elucidate the underlying
mechanisms.
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Introduction

Chronic inflammation and changes in blood coagulation
and fibrinolysis result in a proinflammatory and prothrom-
botic state that contributes to the development of cardio-
and cerebrovascular diseases (CVD) [1,2]. The complement
system is part of the innate immune system and an impor-
tant player in inflammation, and there is a substantial body
of work clearly indicating a prominent role of complement
in the pathogenesis of CVD [3–5] and their complications
arising from ischaemia–reperfusion injury [6] by promot-
ing inflammatory processes and by interacting with blood
coagulation [7,8].

When the complement system is activated a cascade of
enzymatic reactions occur, leading to anti-microbial proc-
esses, but if activated it may also lead to the release of a
number of potent inflammatory reactions resulting in
damage to the host’s own tissue [9]. Different pathways lead
to initiation of the complement system; the classical, the
alternative and the lectin pathways. The lectin pathway may
be initiated when either one of the recognition molecules
mannan-binding lectin (MBL), H-ficolin, L-ficolin
M-ficolin or collectin-K1 [10] binds to a fitting pattern, e.g.
on microorganisms or apoptotic host cells. All five recogni-
tion molecules are in complex with so-called MBL-
associated serine proteases (MASPs); MASP-1, MASP-2, and

bs_bs_banner

Clinical and Experimental Immunology ORIGINAL ARTICLE doi:10.1111/cei.12093

112 © 2013 British Society for Immunology, Clinical and Experimental Immunology, 173: 112–120



MASP-3. Two other proteins, MAp44 and MAp19, are also
found in complex with these recognition molecules. These
components of the lectin pathway were reviewed recently by
Yongqing et al. [11] and Degn et al. [12]. MBL or ficolins
bind specifically to pathogen surfaces or to altered self-
structures via target structures which form a pattern of
ligands and fit the geometry of the recognition domains of
the recognition molecules. Upon binding, conformational
changes lead to autoactivation of MASPs [11]. Activated
MASP-1 will cleave MASP-2, which subsequently will cleave
complement factors C4 and C2 leading to formation of new
enzymatic activities, i.e. forming C3 convertases and later
C5 convertases [13–15]. Apart from this activity, MASP-1
also seems to be a multi-functional protein with roles in
blood coagulation (as detailed below). MASP-3 has a func-
tion in embryonic development, as mutations in the MASP-
3-specific parts of the gene MASP1 (encoding MASP-1,
MASP-3 and MAp44) are associated with human malfor-
mation syndromes [16,17]. Otherwise, the physiological
role of MASP-3 is not well understood. Both an inhibitory
role in the lectin pathway [18,19] and an accelerating effect
on activation of the alternative pathway [20] have been pro-
posed. MAp44 (also known as MAP-1), together with
MASP-1 and MASP-3, is one of three alternative splicing
products of the MASP1 gene [12]. MAp44 shares the first
four domains with MASP-1 and MASP-3, but its unique
C-terminus lacks a serine protease domain [21]. The func-
tion of MAp44 is regulation of the lectin pathway, as it has
been shown to compete with MASPs for binding to MBL
and ficolins, resulting in inhibition of complement
activation [21–23].

MASP-1 and MASP-2 have been shown to contribute to
in-vitro fibrin clot formation [24–28] and MASP-1 was
essential for obstructive thrombosis in a mouse model of
arterial injury [29]. MASPs may therefore represent an
important link between inflammation and thrombosis.
Conversely, MAp44 may have a protective effect in CVD, as
it preserved cardiac function, decreased infarct size and pre-
vented thrombogenesis in murine models of ischaemia/
reperfusion injury and arterial thrombosis [23]. However,
MAp44 plasma levels have never been measured in patients
with CVD, whereas recent data suggest a role of the lectin
pathway and MASPs in patients with CVD. In a study in 890
patients with acute MI, mortality within 90 days was signifi-
cantly lower in patients with a functional deficiency of
MBL, defined as serum MBL levels � 100 ng/ml, than in
patients with MBL levels > 100 ng/ml [30]. Similarly, in 353
patients with acute ischaemic stroke, low MBL levels were
associated with smaller cerebral infarct volume and favour-
able outcome after 3 months [31]. MASP-2 levels were
measured in a cohort of 397 patients with type 2 diabetes
mellitus (T2DM) and suspected myocardial infarction
(MI). During a median follow-up period of 2·1 years, 141
patients suffered from cardiovascular events. These patients
had significantly lower MASP-2 levels at admission com-

pared with 256 patients without cardiovascular events, but
after adjustment for risk factors MASP-2 was not an inde-
pendent predictor of cardiovascular events [32]. In another
study, 29 patients with acute MI had significantly lower
MASP-2 levels compared with 50 healthy individuals, or 27
patients with coronary artery disease (CAD) but without
acute MI [33]. Lower MASP-2 levels were also found in 81
patients after cardiac surgery with cardiopulmonary bypass
compared with before surgery, and it was suggested that
reduction of MASP-2 levels was caused by complement
activation during myocardial ischaemia [33]. In a study in
135 patients with acute stroke, MASP-2 levels were meas-
ured on days 0–4, 7 and 90, but showed neither any signifi-
cant changes over time, differences between ischaemic
(n = 109) and haemorrhagic stroke (n = 26), nor any asso-
ciation with clinical outcome [34]. Only very recently has it
become possible to test for MASP-1, MASP-3 and MAp44
individually and data on these proteins are only available in
very few clinical cohorts.

The aim of our study is to gain more insight into the role
of MASPs and MAp44 in CVD. We investigate for the first
time plasma levels of MAp44 and all three MASPs, MASP-1,
MASP-2 and MASP-3 concomitantly, in patients with coro-
nary artery disease (CAD), myocardial infarction (MI) and
acute ischaemic stroke. We also analyse MASP and MAp44
levels with regard to severity of CVD and cardiovascular
risk factors. Our pilot study may form the basis for future
larger clinical studies on MASP levels in patients with CVD
and for studies aiming to elucidate the underlying patho-
physiological mechanisms and preparing the basis for puta-
tive therapies targeting the complement lectin pathway.

Materials and methods

Patients

Fifty healthy volunteers were recruited at the University
Clinic of Haematology, University Hospital Bern between
June 2008 and August 2009. All participants gave informed
consent.

As described earlier [35], 496 consecutive patients under-
going coronary angiography were recruited at the Depart-
ment of Cardiology, University Hospital Bern between
January and September 2000. The study was approved by
the local ethics committee and all patients gave informed
consent. Demographic data and cardiovascular risk factors
were recorded and routine laboratory parameters were
measured upon hospital admission. Venous blood was
taken, citrate plasma was prepared and stored frozen in
aliquots at -80°C until analysis. Indications for coronary
angiography were (i) suspected CAD, (ii) known CAD, (iii)
routine angiography before closure of persisting foramen
ovale or (iv) routine angiography before valve replacement
surgery. Patients with normal coronary vessels were defined
as CAD controls; patients with stenoses of � 20% were
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defined as CAD patients and classified according to the
number of affected vessels. For the present study, 53 CAD
controls, 51 CAD patients with one-vessel disease and 53
CAD patients with three-vessel disease, all age- and sex-
matched, were selected.

Between January 2004 and February 2006, approximately
340 patients were enrolled into a secondary cardiac preven-
tion and rehabilitation programme at the Division of
Cardiovascular Prevention, Rehabilitation and Sports Car-
diology, Department of Cardiology, University Hospital
Bern, only days after having suffered from MI. Venous
blood was taken, citrate plasma was prepared and stored
frozen in aliquots at -80°C until analysis. Demographic
data and cardiovascular risk factors were recorded and
routine laboratory parameters were measured upon enrol-
ment and after 1 year. The study was approved by the local
ethics committee and all patients gave informed consent.
We included 49 of these subacute MI patients in the present
study.

Sixty-six patients with acute ischaemic stroke were
recruited at the Stroke Unit, Department of Neurology,
University Hospital Bern between June 2007 and November
2008, as described earlier [36]. The study was approved by
the local ethics committee and all patients gave informed
consent. The National Institutes of Health Stroke Scale
(NIHSS) [37] was used to assess clinical severity of stroke,
and aetiology was defined according to ‘Trial of ORG 10172
in Acute Stroke Therapy’ criteria [38]. The first blood
sample was taken upon hospital admission (day 0) before
lysis therapy. Further blood samples were taken on the two
following days (unless patients were referred back to local
hospitals).

Laboratory analysis

We measured MASP and MAp44 levels in citrate plasma
that had been stored frozen in aliquots at -80°C until analy-
sis. MAp44 was measured with a time-resolved immun-
ofluorometric assay (TRIFMA), as described earlier [39].
The assay is a sandwich-type assay with a catching antibody
and a biotinylated detecting antibody, followed by
europium-labelled streptavidin and measurement by time-
resolved fluorometry. MASP-1 was measured with a novel
competition assay using microtitre wells coated with
MASP-1 as testing surface followed by incubation with
the sample mixed with a MASP-1 specific antibody (the
MASP-1 in the sample competing with the coated MASP-1
for binding of the antibody), as described recently in detail
[40]. MASP-2 and MASP-3 levels were measured with com-
mercial enzyme-linked immunosorbent assay (ELISA) kits
(Hycult Biotech, Uden, the Netherlands). The levels of all
three MASPs are quite stable throughout a 1-year period,
and acute-phase reactions do not seem to influence levels of
MASP [40] or MAp44 [39]. Routine laboratory diagnostics
had been performed upon hospital admission.

Statistical analysis

Statistical analysis was performed with spss version 17.0.
Data were tested for normal distribution using
Kolmogorov–Smirnov or Shapiro–Wilk tests. Normally dis-
tributed data are usually shown as mean with standard
deviation (s.d.); non-normally distributed data are usually
shown as median with interquartile range (IQR). For better
comparability, MASP and Map44 levels are always shown as
median (IQR). The appropriate statistical tests were chosen
depending upon the type of distribution. Normally distrib-
uted data were compared between two groups with t-test, or
with analysis of variance (anova) for multiple groups. Data
not showing normal distribution were compared between
two groups using the Mann–Whitney U-test, or the
Kruskal–Wallis test in the case of multiple groups. Wilcox-
on’s or Friedmann’s tests were used to compare two or
more, respectively, paired samples. Bivariate correlations
were expressed as Pearson’s or Spearman’s rank correlation
coefficients. Categorical data were compared between
groups using the c2 test. A P-value of less than 0·05 was
considered statistically significant.

Results

MASP and MAp44 levels in patients with CAD

Characteristics of CAD patients with one- or three-vessel
disease and of age- and sex-matched controls with angi-
ographically proven normal coronary vessels are shown in
Table 1. MASP and MAp44 levels did not differ between the
groups, although a trend towards highest levels in patients
with three-vessel disease could be observed (Table 2). When
patients with one- and three-vessel disease were taken
together, there was again no significant difference in MASP
and MAp44 levels between these and CAD controls (data
not shown).

MASP and MAp44 levels in patients after MI

Characteristics of the included patients with subacute MI
are shown in Table 3 and MASP and MAp44 levels are
shown in Table 4. Again, the highest levels were found in
patients with three-vessel disease, but the differences were
not significant. MASP and MAp44 plasma levels showed no
correlations with cardiac ejection fraction. A follow-up was
performed after 1 year in 27 of the 49 MI patients and
MASP levels were similar to baseline values (data not
shown), whereas MAp44 decreased slightly from median
1·98 mg/ml (IQR 0·53) at admission to 1·88 mg/ml (IQR
0·54) 1 year later (P = 0·022).

MASP and MAp44 levels in patients with acute stroke

Characteristics of the stroke patients are shown in Table 5
and MASP and MAp44 levels are shown in Table 6. When
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patients who had had all three blood samples taken (admis-
sion, days 1 and 2) were compared, MASP-3 and MAp44
showed a significant decrease over the 3 days following
acute stroke. Comparison between patients with atheroscle-
rotic and cardioembolic stroke revealed a trend towards
higher MASP-2 levels in atherosclerotic [median
405·9 ng/ml (IQR 351·7)] than cardioembolic [298·8 ng/ml
(191·5)] stroke (P = 0·062). MASP-1, MASP-3 and MAp44
showed no differences in the same analysis (data not
shown). MASP and MAp44 levels showed no correlation
with NIHSS and did not differ between patients with mild,
moderate or severe stroke as judged by NIHSS criteria (data
not shown).

Comparison of MASP and MAp44 levels between
all groups

Figure 1 shows the comparison of MASP and MAp44 levels
between all groups. Significantly higher MASP-1 levels were
observed in MI patients [median 11·93 mg/ml (IQR 4·31)]
compared with healthy controls [9·44 mg/ml (2·73),
P < 0·001], CAD controls [9·12 mg/ml (3·43), P < 0·001],

CAD patients [9·85 mg/ml (3·62), P < 0·001] and stroke
patients [8·61 mg/ml (2·87), P < 0·001] (Fig. 1a). Stroke
patients had significantly lower MASP-1 levels than CAD
patients (P = 0·045) (Fig. 1a).

As shown in Fig. 1b, MASP-2 levels were higher in CAD
patients [median 512·0 ng/ml (IQR 318·8), P = 0·046] and
CAD controls [486·7 ng/ml (573·8), P = 0·031] than in
healthy controls [442·9 ng/ml (219·3)]. Patients with acute
stroke [361·6 ng/ml (287·0)] had lower MASP-2 levels than
CAD patients (P < 0·001) and CAD controls (P < 0·001).
Patients with subacute MI [369·8 ng/ml (207·9)] also had
lower MASP-2 levels compared with CAD patients
(P = 0·009) and CAD controls (P = 0·005).

MASP-3 (Fig. 1c) and MAp44 (Fig. 1d) showed no sig-
nificant differences between the groups. Because it was sug-
gested that the relative levels of MASPs and MAp44 may
fine-tune the responsiveness of the lectin pathway [21], we
also calculated the ratio of MASP-1/MAp44 levels and the
ratio of MASP-2/MAp44 levels. However, these ratios mir-
rored only the differences in MASP-1 and MASP-2 between
the groups and were not associated with severity of disease
(data not shown).

Table 1. Characteristics of coronary artery disease (CAD) patients and controls.

Normal coronary vessels One-vessel disease Three-vessel disease

P-valuen = 53 n = 51 n = 53

Age (years)† 63·1 (9·7) 63·9 (10·4) 65·3 (11·4) n.s.§

Male gender (%) 26 (49) 26 (51) 27 (51) n.s.¶

Positive family history (%) 15 (28) 19 (37) 29 (55) 0·019¶

Smoker (%) 8 (15) 19 (37) 18 (34) 0·025¶

Hypertension (%) 25 (47) 35 (69) 41 (77) 0·004¶

Diabetes (%) 3 (6) 14 (27) 16 (30) 0·003¶

BMI (kg/m2)† 26·3 (4·6) 28·7 (4·2) 27·6 (4·4) 0·022§

Total cholesterol (mmol/l)‡ 5·4 (2·0) 5·2 (1·7) 5·8 (1·4) n.s.**

Triglycerides (mmol/l)‡ 1·5 (1·2) 1·7 (1·1) 1·7 (1·1) n.s.**

HDL (mmol/l)‡ 1·3 (0·4) 1·2 (0·4) 1·2 (0·4) n.s.**

Leucocyte count (¥103/ul)‡ 6·7 (2·0) 7·6 (2·6) 6·6 (2·3) 0·002**

Fibrinogen (g/l)‡ 2·7 (1·2) 3·5 (0·9) 3·4 (1·0) 0·007**

PAI-1 (ng/ml)‡ 138·9 (132·8) 114·2 (114·0) 152·4 (113·9) n.s.**

No. of plaques†† 0 2 (1–5) 6 (1–14) <0·001**

†Mean (standard deviation); ‡median (interquartile range); §analysis of variance; ¶c2 test. **Kruskal–Wallis test. ††Median (range); n.s.: not signifi-

cant; BMI: body mass index; HDL: high-density lipoprotein; PAI-1: plasminogen activator inhibitor-1.

Table 2. MASP and MAp44 levels in patients with normal coronary vessels, one- and three-vessel disease.

Normal coronary vessels One-vessel disease Three-vessel disease

P-valuen = 53 n = 51 n = 53

MASP-1 (mg/ml) 9·12 (3·43) 9·61 (4·01) 10·31 (3·14) n.s.

MASP-2 (ng/ml) 486·7 (573·8) 457·8 (394·2) 539·5 (293·4) n.s.

MASP-3 (mg/ml) 5·52 (2·96) 5·54 (2·73) 5·60 (3·45) n.s.

MAp44 (mg/ml) 1·80 (0·79) 1·80 (0·71) 1·94 (0·76) n.s.

Data shown as median (interquartile range). Differences between groups tested with Kruskal–Wallis test. MASP: mannan-binding lectin-associated

serine protease; n.s.: not significant.
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Associations of MASP and MAp44 levels with
cardiovascular risk factors

We tested associations between MASP and MAp44 levels
and age, gender, smoking, obesity, lipids and coagulation/
inflammatory markers.

MASP-1 levels were related inversely to age in CAD con-
trols (correlation coefficient -0·284, P = 0·039). MASP-1
levels were higher in female CAD patients [median
10·37 mg/ml (IQR 3·17)] than in male CAD patients
[9·14 mg/ml (3·92)] (P = 0·029). MASP-1 levels were also
higher in CAD patients with hypertension [10·14 mg/ml
(3·32)] compared to normotensive CAD patients
[8·44 mg/ml (3·08)] (P = 0·049) and higher in CAD patients
with diabetes [10·89 mg/ml (3·52)] compared to patients
without diabetes [9·38 mg/ml (3·29)] (P = 0·004). Weak
positive correlations were observed between MASP-1 and
triglyceride levels in CAD patients (0·226, P = 0·023) and in
CAD controls (0·328, P = 0·019).

MASP-2 levels were associated with lipid levels in stroke
patients, showing positive correlations with total cholesterol
(0·374, P = 0·004) and LDL cholesterol (0·300, P = 0·022).

MASP-3 levels were higher in male healthy volunteers
[8·04 mg/ml (3·30)] than in females [5·68 mg/ml (2·79)]

(P = 0·001). MASP-3 levels showed a weak inverse correla-
tion with age in CAD patients (-0·184, P = 0·021). MASP-3
levels showed positive correlations with body mass index
(BMI) in CAD controls (0·314, P = 0·022) and in CAD
patients (0·341, P < 0·001), and with triglyceride levels
(0·239, P = 0·016) and plasminogen activator inhibitor-1
(PAI-1) (0·308, P = 0·002) in CAD patients. In stroke
patients, there was a trend towards higher MASP-3 levels in
smokers [5·72 mg/ml (3·09)] compared with non-smokers
[4·78 mg/ml (2·52)] (P = 0·055).

In CAD controls, MAp44 levels were slightly higher in
women [1·95 mg/ml (0·89)] than in men [1·73 mg/ml
(0·58)] (P = 0·032), and higher in non-smokers [1·87 mg/ml
(0·75)] than in smokers [1·60 mg/ml (0·43)] (P = 0·037).
MAp44 levels showed a positive correlation with BMI in
CAD controls (0·364, P = 0·007) and CAD patients (0·197,
P = 0·049), and with triglyceride levels in CAD controls
(0·308, P = 0·028) and CAD patients (0·202, P = 0·044). In
CAD patients, MAp44 levels also correlated with PAI-1
levels (0·274, P = 0·005) and were associated inversely with
levels of HDL cholesterol (-0·218, P = 0·029).

We found no correlations between MASP levels and
blood pressure levels, glucose and haemoglobin A1c
(HbA1c) levels, HDL cholesterol, fibrinogen and high-
sensitivity C-reactive protein (hsCRP) levels. No associa-
tions with cardiovascular risk factors were observed in MI
patients.

Discussion

The complement system, as is the immune system, is also
often seen as the defence mechanism against pathogens, but
the complement system is also involved in many homeo-
static processes and plays a role in a number of pathological
conditions [9]. Although normally held at bay, the highly
potent enzymes that are activated when the complement
system is initiated thus have the potential to elicit an attack
against the host. There is substantial evidence for a role of
the complement system in CVD with implications for new
therapeutic possibilities in the future. In two recent animal
studies on the effect of the lectin pathway on ischaemia
reperfusion injuries, targeting the lectin pathway by
MASP-2 knock-out, anti-MASP-2 monoclonal antibodies,
MBL knock-out, an MBL binding molecule or an anti-MBL

Table 3. Characteristics of myocardial infarction (MI) patients.

Age (years)† 57·0 (9·2)

Male gender (%) 39 (80)

Positive family history (%) 20 (41)

Smoker (%) 9 (18)

Hypertension (%) 28 (57)

Diabetes (%) 1 (2)

BMI (kg/m2)† 26·6 (4·1)

Total cholesterol (mmol/l)† 5·5 (1·3)

Triglycerides (mmol/l)‡ 1·5 (1·0)

LDL (mmol/l)† 3·6 (1·2)

HDL (mmol/l)‡ 1·4 (0·6)

Fibrinogen (g/l)‡ 3·4 (1·2)

Degree of disease

One-vessel disease (%) 21 (43)

Two-vessel disease (%) 19 (39)

Three-vessel disease (%) 9 (18)

†Mean (standard deviation). ‡Median (interquartile range); BMI:

body mass index; HDL: high-density lipoprotein; LDL: low-density

lipoprotein.

Table 4. MASP and MAp44 levels in myocardial infarction (MI) patients.

One-vessel disease Two-vessel disease Three-vessel disease

P-valuen = 21 n = 19 n = 9

MASP-1 (mg/ml) 12·17 (5·45) 11·51 (3·41) 12·30 (5·15) n.s.

MASP-2 (ng/ml) 376·4 (259·2) 359·4 (247·3) 410·4 (224·9) n.s.

MASP-3 (mg/ml) 5·81 (2·75) 5·98 (1·52) 7·04 (2·87) n.s.

MAp44 (mg/ml) 1·91 (0·61) 1·90 (0·71) 2·02 (0·80) n.s.

Data shown as median (interquartile range). Differences between groups tested with Kruskal–Wallis test. MASP: mannan-binding lectin-associated

serine protease.
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antibody had protective effects in myocardial and cerebral
ischaemia [41,42]. The development of new therapeutic
approaches requires deep understanding of the underlying
pathophysiological mechanisms. So far, however, there are
only limited or no data available on MASPs and MAp44 of
the complement lectin pathway in patients with CVD. In
the present study we measured and compared concomi-
tantly plasma levels of MASP-1, MASP-2, MASP-3 and
MAp44 in healthy controls, patients with stable CAD,
patients with subacute MI and patients with acute stroke.
Our aims were to determine MAp44 levels in patients with
CVD for the first time, and to increase our knowledge on
MASP levels in these chronic vascular diseases with or
without acute events and the relationship between MASP or

MAp44 levels and cardio- and cerebrovascular risk factors.
A strong point of our study is the thorough characterization
of patients, including age- and sex-matched CAD controls
with angiographically proven normal coronary vessels. A
limitation of our study may be its somewhat descriptive
character, due to the small sample size of only approxi-
mately 50 individuals per group; however, we performed
this study as a pilot study which may represent a starting
point to future larger clinical studies, and our data may be
used as a basis for power calculations for larger studies.

Normal values for MASPs and MAp44 levels in serum or
plasma have been established only recently. Normal
MASP-1 concentration in serum (and similar in citrate
plasma) is 11 mg/ml (range 4–30 mg/ml) [40]. For MASP-2,
534 ng/ml (range 170–1196 ng/ml) in plasma [43],
413 ng/ml (range 74–1058 ng/ml) in serum and 416 ng/ml
(range 125–1152 ng/ml) in plasma [44] were reported.
For MASP-3, 6·4 mg/ml (range 2–12·9 mg/ml) [21] and
5·0 mg/ml (range 1·8–10·6 mg/ml) [39] have been found in
serum. MAp44 has been found in EDTA plasma at a mean
concentration of 0·80 mg/ml (range 0·14–2·04 mg/ml) [21],
and in serum at 1·38 mg/ml (range 0·34–3·00 mg/ml) [21]
and 1·7 mg/ml (range 0·8–3·2 mg/ml) [39].

Overall, the MASP and MAp44 levels we measured in the
present study were in good agreement with the (normal)
values reported in earlier studies. We observed that MASP-1
levels were highest in patients with subacute MI and lowest
in stroke patients. MASP-2 levels were elevated in patients
with CAD, but also in matched controls with normal coro-
nary vessels compared with younger healthy volunteers,
whereas patients with cardiovascular events, i.e. acute stroke
or subacute MI, had lower MASP-2 levels. Both MASP-1
and MASP-2 levels were not associated with severity of
CVD. These results indicate that an acute cardiovascular
event can induce changes in MASP levels, which is in agree-
ment with the observation of Zhang et al. [33] that myocar-
dial ischaemia induces complement activation with
consumption of MASP-2. Our findings of lower MASP-2
and MASP-1 levels in patients with acute stroke compared
with CAD patients are in line with this explanation.

Table 5. Characteristics of stroke patients.

Age (years) 65·4 (15·7)

Male gender (%) 41 (62)

Duration between symptom onset

and hospital admission (h)

3·1 (1·4)

NIHSS at admission 11·5 (6·5)

Stroke severity according to NIHSS

Mild (0–4) (%) 8 (12)

Moderate (5–12) (%) 29 (44)

Severe (> 12) (%) 28 (42)

Stroke aetiology

Atherosclerotic vessel disease (%) 14 (21)

Cardioembolic (%) 29 (44)

Other (%) 2 (3)

More than one (%) 2 (3)

Unknown (%) 18 (27)

Smoker (%) 10 (15)

Hypertension (%) 39 (59)

Total cholesterol (mmol/l) 4·8 (1·1)

LDL (mmol/l) 2·8 (0·9)

HDL (mmol/l) 1·3 (0·4)

HbA1c 6·1 (0·8)

Continuous variables are shown as mean (standard deviation). Cat-

egorical data are shown as number (%). HbA1c: haemoglobin A1c;

HDL: high-density lipoprotein; LDL: low-density lipoprotein; NIHSS:

National Institutes of Health Stroke Scale.

Table 6. MASP and MAp44 levels in stroke patients.

Day 0 Day 1 Day 2

n = 66 n = 34 n = 28

MASP-1 (mg/ml) 8·61 (2·87) 7·85 (2·22) 7·82 (1·54)

MASP-2 (ng/ml) 361·6 (287·0) 408·0 (255·4) 398·7 (255·7)

MASP-3 (mg/ml) 5·36 (3·09) 4·59 (1·83) 4·42 (2·55)

MAp44 (mg/ml) 1·82 (0·83) 1·19 (0·70) 1·38 (0·77)

Patients with all three blood samples (n = 22)

MASP-1 (mg/ml) 9·09 (2·50) 8·19 (2·38) 7·77 (1·59)

MASP-2 (ng/ml) 444·0 (354·6) 409·6 (268·4) 413·1 (289·9)

MASP-3 (mg/ml) 4·97 (2·70)* 4·30 (1·95)* 4·12 (2·49)*

MAp44 (mg/ml) 1·61 (0·66)* 1·19 (0·68)* 1·19 (0·73)*

Results are shown as median (interquartile range). *P < 0·001 (Friedman test). MASP: mannan-binding lectin-associated serine protease.
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Conversely, we found increased MASP-1 levels in patients
who had suffered from MI a few days before blood sam-
pling. It remains unclear whether these increased MASP-1
levels are due to the underlying CAD and clustering of car-
diovascular risk factors, or whether an acute-phase reaction
or counter-regulation with up-regulation of MASP-1 fol-
lowing the acute MI has led to increased plasma levels.
Intriguingly, levels of MASP-3 were unaltered in our study
and did not correlate with MASP-1 levels, although they are
both expressed from the same gene, MASP1, confirming the
distinct regulation and expression of MASP-1 and MASP-3
[40]. MAp44 showed cardioprotective and anti-
atherothrombotic effects in two mouse models [23]. In our
patients with CVD, we did not see any differences in MAp44
plasma levels and MAp44 was not associated with a lower
degree of disease severity. MAp44 even showed positive cor-
relations with some cardiovascular risk factors. If MAp44

plasma levels reflected the observed cardioprotective effects,
inverse correlations with risk factors might have been
expected. As MAp44 is highly expressed in the heart [21],
we therefore assume that the observed cardioprotective
effects must be local effects which are not related to circu-
lating MAp44 plasma levels.

We found several, mainly weak, associations between
MASP or MAp44 levels and some cardiovascular risk
factors. Interestingly, the associations we observed in
patients with stable CAD were lost, or at least not present,
in patients who were in the subacute phase of MI. This may
support the above hypothesis that changes in MASP levels
have occurred during the acute event overriding the status
before the acute event. Although MASP-3 was not altered by
CVD, it showed associations with cardiovascular risk factors
such as obesity, triglyceride and PAI-1 levels, which are
important components of the metabolic or insulin
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Fig. 1. Mannan-binding lectin-associated serine protease (MASP) and MAp44 levels in patients with cerebrovascular disease (CVD) and controls.

(a) MASP-1 levels were highest in patients who had suffered from myocardial infarction (MI) and lowest in patients with acute ischaemic stroke.

(The box represents the 25th to 75th percentiles, the whisker indicates the 10th and 90th percentiles, while the outliers are shown as filled circles.)

(b) MASP-2 levels were lower in MI and stroke patients than in controls and coronary artery disease (CAD) patients. (c) MASP-3 levels did not

differ between groups. (d) MAp44 levels did not differ between groups.
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resistance syndrome [45]. Recent in-vitro experiments iden-
tified insulin-like growth factor-binding protein 5 (IGFBP-
5), a regulator of insulin-like growth factor 1 (IGF-1), as a
possible substrate for MASP-3 [46], and the IGF-1 axis may
have a role in CVD [47,48]. Whether there is a (patho-
)physiological relationship between MASP-3 and the IGF-1
axis remains to be investigated.

In summary, we present evidence that circulating plasma
levels of MASP-1 and MASP-2, but not MASP-3 and
MAp44, are altered in CVD, and all three MASPs and
MAp44 are associated with some cardiovascular risk factors.
Larger studies are needed to confirm our data, to elucidate
the underlying pathophysiological mechanisms, and to con-
clude whether MASPs and MAp44 may be novel targets in
the diagnosis, prevention and treatment of CVD.
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