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Introduction

Summary

Since the discovery of the lectin pathway of complement activation,
numerous clinical cohorts have been examined for one or more proteins,
with the intention of uncovering the functions of the proteins or with the
aim of discovering new biomarkers or diagnostic tools. To unveil the
abnormal, it is pivotal to know the normal. Our aim was to describe
the concentrations of the 11 known proteins of the lectin pathway in serum
and plasma and to uncover possible gender differences, age and diurnal
variations, which must be taken into account for investigation in different
cohorts. We examined the concentrations of all lectin pathway proteins
mannan-binding lectin (MBL), H-ficolin, L-ficolin, M-ficolin, collectin-K1,
collectin-L1, MBL-associated serine protease 2 (MASP-2), MASP-3, MBL-
associated protein of 44 kDa (MAp44) and MAp19 in 300 Danish blood
donors in serum and ethylenediamine tetraacetic acid (EDTA) plasma in
established assays, and we further developed a new assay to measure MASP-
1 in the same samples. We found significant differences in concentrations
between serum and plasma for all proteins except for MBL and MASP-3. H-
ficolin, M-ficolin and MAp19 displayed convincing diurnal variation. H-
ficolin, in particular, halved from morning to the middle of the night. There
were gender differences for most proteins, whereas age did not seem to
influence concentration. The present study underlines the necessity of
considering which material to use, correct matching and a trial design that
takes the nature of the protein into account in order for the outcome of
cohort studies to have significant relevance.

Keywords: complement system, diurnal variation, innate immunity, lectin
pathway

11). CL-L1 and CL-K1 are in serum and plasma found pri-
marily in heteromeric complexes called CL-LK [4]. The

The complement system is an important part of the innate
immune system. Activation of the complement system sets
off a proteolytic cascade leading to a number of immuno-
logical effector functions, including recruitment of inflam-
matory cells, augmentation of phagocytosis and formation
of the membrane attack complex (MAC) in cell membranes
and aids in directing the subsequent adaptive immune
response [1]. The lectin pathway (LP) of the complement
system is one of three pathways that result in complement
activation [2].

The LP is initiated by pattern recognition [3]. The pattern
recognition molecules (PRM) of the LP are M-ficolin (or
ficolin-1), L-ficolin (or ficolin-2), H-ficolin (or ficolin-3),
mannan-binding lectin (MBL), collectin liver-1 (CL-L1, also
called CL-10) and collectin kidney-1 (CL-K1, also called CL-

PRMs bind to patterns of ligands, e.g. surface-linked carbo-
hydrates or acetyl groups on pathogens or damaged self-
tissue [5]. The PRMs are associated with three enzymes
named MBL-associated serine proteases (MASP-1, MASP-2
and MASP-3) and with two proteins without enzymatic
activity, MBL-associated protein of 44 kDA (MAp44, also
termed MAP1) and MAp19 (also termed sMAP) [6].
Although several projects have described binding of the
pattern recognition molecules to different microorganisms
and surfaces and subsequent activation of the complement
system [3], much is still unknown about the function of
the LP. The LP is highly preserved in different species [7],
indicating its importance, and deficiencies have been

described with regard to several diseases [8]. As an
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example, the discovery of polymorphisms in the MASPI
gene (encoding MASP-1, MASP-3 and MAp44) and the
COLECI1I (encoding CL-K1) gene leading to developmen-
tal anomaly (the so-called 3MC syndrome) have raised the
idea of potentially new functions of the complement sys-
tem in embryonic development [9]. A number of reports
exist on MASPs and coagulation cross-talks [10,11], with-
out definite evidence of physiological relevance. Further, it
has been demonstrated recently that MASP-3 is involved in
activation of the alternative pathway of complement activa-
tion [12].

Since the discovery of the LP, a growing number of
cohort studies have been published in the search for bio-
markers and potential diagnostic properties of LP proteins.
In order for such studies to be both conclusive and compa-
rable with each other, it is pivotal to know what is ‘normal’.
Very little has been published concerning LP proteins with
regard to gender variation, age correlation and potential
diurnal variation, which may influence the results and con-
clusion of comparative studies. Age- and gender-matching
of controls is often not considered necessary [13]. At times,
information concerning gender is even omitted [14], and
in studies in which patient inclusion happens throughout
the day and night the question of diurnal variation is not
addressed [15,16].

Our objectives were to measure and describe the serum
and plasma concentrations of the lectin pathway proteins
using 10 well-established assays and a newly established
assay to elucidate if or when gender differences, age and
diurnal variation could affect results, and thus require con-
sideration with regard to matching when measured in dif-
ferent populations.

Material and methods

Blood samples

Samples from 300 blood donors, 150 men and 150 women,
were collected at the blood bank of Aarhus University Hos-
pital, Denmark. Blood was collected in ethylenediamine
tetraacetic acid (EDTA) plasma tubes (8 ml) and serum
tubes (10 ml) with clotting allowed for 1 h at room temper-
ature (Alere Inc., Waltham, MA, USA; #367525 and
#367896, respectively) and centrifuged at 2000 g for 10
min. Plasma and serum were collected, aliquoted and fro-
zen immediately at —80°C.

Monoclonal antibody for MASP-1 assay

Monoclonal antibody (mAb) against MASP-1 was produced
by GenScript Inc. (Piscataway, NJ, USA). The general proto-
col can be found online. In brief, BALB/c mice were immu-
nized with peptide representing the 15 C-terminal amino
acids of MASP-1 (CHHNKDWIQRVTGVR) conjugated to
keyhole limpet haemocyanin. Sera from the mice were tested
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for reactivity against the peptide coated onto microtitre
wells. Mice exhibiting high titres were selected and spleen
cells from these mice were fused with myeloma cells, and
selection of hybridomas was performed on wells coated with
the peptide used for immunization. After expansion, clon-
ing, etc. the antibodies were purified by affinity chromatog-
raphy on protein G beads. The cell line chosen for
production of the coating antibody used in the assay
described below was termed 5A6B7.

The previously described mAb 5F5 was used as detection
antibody [17], which recognizes the CCP1 domain of the
three proteins derived from the MASPI gene. The mAb was
biotinylated with 167 pg of biotinyl-N-hydroxysuccinimide
(Sigma, St Louis, MO, USA) per mg of antibody [18].

Time-resolved immunofluorometric assay (TRIFMA)

FluoroNunc MaxiSorp microtitre plates (Nunc, Roskilde,
Denmark; # 437958 or # 43791) were incubated with 5 pg
of mouse anti-human MASP-1 (5A6B7) per ml coating
buffer [0-1 M sodium bicarbonate, pH 9-6 with 0-09% (w/
v) sodium azide] overnight at room temperature (RT).
Residual binding sites were blocked with 1 mg of HSA per
ml of Tris-buffered saline (TBS) (10 mM Tris/base,
145 mM NaCl, pH 7-4). After washing with TBS containing
0-05% Tween 20 (TBS/Tw), 100 pl of test samples and three
quality controls (normal plasma chosen to reflect a wide
distribution of concentrations) were added to the plate
diluted 1/30 in sample buffer [10 mM Tris/base, 145 mM
NaCl, 0.05% Tween-20, 5 mg HSA/ml, heat-aggregated
human immunoglobulin (Ig)G 100 pg/ml, bovine IgG 100
pg/ml, mouse IgG 100 pg/ml, pH 7-4]. All samples were
added in duplicate to duplicate wells. The standard curve
was constructed from a standard plasma pool with a
known MASP-1 concentration, established by comparison
with purified recombinant MASP-1 [19], initially diluted
10-fold followed by serial twofold dilutions. After incuba-
tion overnight at 4°C, the wells were washed with TBS/Tw
containing 5 mM CaCl, (TBS/Tw/Ca*") and incubated
with biotin-5F5 anti-MASP-1 antibody at 0-4 pg per ml
TBS/Tw/Ca®" for 2 h at RT. After washing with TBS/Tw/
Ca’", the wells were incubated with europium-labelled
streptavidin (Perkin Elmer, Waltham, MA, USA; #1244-
360) 1/1000 in TBS/Tw, 25 uM EDTA for 1 h at RT. After
washing, quantification of europium was performed by
adding 200 pl of enhancement solution (Ampliquon labo-
ratory reagents #Q99800; Ampliqon, Odense, Denmark)
per well releasing and encapsulating the bound europium,
and the fluorescence was read as time-resolved flourometry
on a Victor 5+ from Perkin Elmer.

Gel-permeation chromatography (GPC)

Normal human serum was subjected to fractionation by
GPC on a Superose 6 HR 10/300 column (GE Healthcare,
Cardiff, UK). The column buffer comprised TBS, 5 mM
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CaCl, or TBS, 10 mM EDTA and 0-86 M NaCl. The col-
umn was run at a flow rate of 1 ml/min, and 250 pl frac-
tions were collected in Tween 20-treated 96-well microtitre
plates. Fractions were assayed for MASP-1 by the above-
described TRIFMA. The elution volume of IgM, MBL, H-
and L-ficolin, purified IgG and HSA on this column was
estimated previously [20].

Western blotting

The reactivity of the mAb 5A6B7 was tested by Western
blotting. Plasma (1 pl) was added to !/4-volume sodium
dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-
PAGE) sample buffer [30 mM Tris-HCI, 10% (v/v) glycerol,
8 M urea, 3% (w/v) SDS, 0-1% (w/v) bromophenol blue,
pH 8-9], TBS/Tween was added to reach the desired sample
volume (20 pl) and the proteins in the sample were sepa-
rated by electrophoresis on a 4-15% gradient gel (Bio-Rad
Criterion TGX gels #567-1083; Bio-Rad, Hercules, CA,
USA). One-tenth volume of dithiothreitol (DDT), 0-6 M,
was added to the samples to be reduced, while iodoacetic
acid (IAA), 1-4 M, was added to all samples before loading.
Separated proteins were blotted onto nitrocellulose mem-
branes (Bio-Rad #170-4159). The membrane was blocked
for 30 min at RT in TBS with 0-1% Tween (v/v) and
washed three times in TBS/Tw. The membrane was incu-
bated overnight at RT on a rocking table with 1 pg mAb
5A6B7 per ml primary buffer [TBS/Tw, 1 mM EDTA, pH
7-4, 1 mg human serum albumin (CSL Behring, Lyngby,
Denmark; #109697) per ml, 100 pg normal human IgG
(CSL Behring; #007815) per ml]. After washing three times
in TBS/Tw, the membrane was incubated with horseradish
peroxidase-labelled rabbit anti-mouse antibody (Dako,
Glostrup, Denmark; #P0260) diluted 4000-fold in second-
ary buffer (TBS/Tween, 100 pg normal human IgG/ml,
1 mM EDTA, pH 7-4) for 2 h on a rocking table followed
by washing three times in TBS/Tw and developed with
SuperSignal West Pico chemiluminescent substrate (Pierce,
ThermoScientific, Waltham, MA, USA; #34080). Emission
was recorded by a charge-coupled device (CCD) camera
(Fuji, Tokyo, Japan; LAS-4000).

Other assays

Plasma and serum concentrations of the other 10 lectin
pathway proteins were determined using in-house-
produced assays for MBL [21], M-ficolin [20], H-ficolin
[22], CL-L1 [23], CL-K1 [24], MASP-2 [25], MASP-3 [17],
MAp44 [17] and MAp19 [26]. The principle in these assays
is the same as for the new MASP-1 TRIFMA described
above, i.e. sandwich-type immune assays using europium-
labelled detecting agents. The concentration of L-ficolin in
plasma was measured using an enzyme-linked immuno-
sorbent assay (ELISA) (Hycult Biotech, Uden, the
Netherlands; #HK336-02), as instructed by the manufac-
turer. It has been described previously that L-ficolin binds

to the silica particles in serum tubes [27], yielding lower
concentrations in serum than in plasma. As the addition of
silica particles is not standardized, it is advisable not to
measure L-ficolin in serum, particularly when conducting
comparative studies. We thus only give values for L-ficolin
in plasma.

Effect of freezing—thawing and diurnal variation

To test the storage stability of the LP proteins, a pool of
EDTA plasma was aliquoted in 500-pl samples. The sam-
ples were submitted to nine freeze/thaw cycles. Each thaw-
ing was for 1 h at RT; the freezing temperature was —80°C.
The samples were measured in all the above-described
TRIFMA assays before freezing and after nine freeze/thaw
cycles.

The influence of diurnal variation on protein concentra-
tion in plasma was investigated measuring plasma concen-
trations of all the lectin pathway proteins in blood from six
healthy individuals drawn at 4-h intervals during a 24-h
period. The first sample, drawn at 6 a.m., was a fasting
sample. Blood (8 ml) was drawn in EDTA tubes and centri-
fuged at 2000 g for 10 min. Plasma was collected and frozen
immediately at —80°C.

Statistics

Data were checked for normality by Q-Q plots and histo-
grams. Where Gaussian distribution could not be assumed,
non-parametric tests were used for statistical analysis. P-
values < 0-05 were considered statistically significant. Stata
version 12 and GraphPad Prism software package (version
6.0) were used for data management and statistical
calculations.

Ethics

The Danish Data Protection Agency and the Regional
Committee on Health Research Ethics approved the study
(case no. 1-10-72-214-13). Blood was collected after
informed consent according to the Declaration of Helsinki.

Results

MAD anti-MASP-1 antibody

The mAb MASP-1-antibody (5A6B7) recognizes a protein
band at approximately 75 kDa on Western blots of plasma
analysed under non-reducing conditions and at approxi-
mately 90 kDa under reducing conditions, which is the
expected mobility of non-activated MASP-1 (Fig. 1a). No
other reactivities with serum proteins were observed using
this antibody.

MASP-1 assay

We have previously developed an assay for MASP-1, but
we needed a more effective alternative as the first assay
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Fig. 1. Characterization of the anti-mannan-binding lectin (MBL)-associated serine protease 1 (MASP-1) monoclonal antibody (mAb) and
estimation of MASP-1 in donor samples. (a) Western blot of 1 pl plasma under non-reducing and reducing conditions developed with antibody
against MASP-1 (5A6B7). (b) Serum fractionated by gel-permeation chromatography (GPC) in buffer with calcium (blue) or in buffer with high
NaCl and ethylenediamine tetraacetic acid (EDTA) (red). Fractions were tested for MASP-1 in the developed MASP-1 assay. In the buffer with
calcium, the main MASP-1 signal is seen in volumes corresponding to where MBL and H-ficolin elutes (given by arrows above the graph),
whereas EDTA/high NaCl dissociates the MASPs from the pattern recognition molecules (PRMs) and the main signal is now seen in fractions
eluting slightly earlier than immunoglobulin (Ig)G (150 kDa). (c) Serum and EDTA samples (n = 10) exposed to nine freeze/thaw cycles and
measured for MASP-1. Each time-point represents the average of 10 different samples with a 95% confidence interval. (d) Correlation between
measurements of MASP-1 in serum and EDTA plasma. (e) Distribution of MASP-1 concentrations in serum of 300 blood donors. (f)
Distribution of MASP-1 concentrations after log-transformation. [Colour figure can be viewed at wileyonlinelibrary.com|

was an inhibition assay based on the availability of formation of PRM/MASP complexes at physiological con-
recombinant MASP-1, which is more laborious to pro- ditions and disruption of the complexes in an EDTA/high
duce and less stable to store than antibodies. We tested NaCl buffer [19].

the new sandwich-type assay in various ways. When sepa- No signal was seen with plasma samples from patients
rating the proteins in a serum pool by GPC analysed in with 3MC syndrome, i.e. genetically devoid of MASP-1
the presence of calcium and testing the fractions in by the (not shown).

newly established MASP-1 assay, MASP-1 eluted at a posi- MASP-1 in plasma and serum proved stable to repeated
tion similar to the position where the PRMs (MBL and H- freeze/thaw cycles (Fig. 1c). Coefficients of variation did
ficolin indicated in Fig. 1b) elute. In contrast, the signal not exceed 10% based on the three internal controls used
was seen at a position just slightly larger than IgG when in 20 separate assays. Values in serum and plasma showed
the fractionation took place in EDTA/high NaCl buffer. correlation (r= 0-78) with a tendency to a higher concen-
We have reported this previously for the MASPs, i.e. the tration in serum than in plasma (Fig. 1d). The distribution
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Fig. 2. Concentration in plasma and serum of lectin pathway proteins. Bars indicate median and interquartile range. The actual values are listed

in Table 1.

of the concentrations determined approximated a Gaussian
distribution, which improved when transformed logarith-
mically (Fig. le,f).

LP proteins in serum and plasma

No differences in the concentrations in serum and plasma
were observed for MBL and MASP-3 (Fig. 2). M-ficolin,
CL-L1, MAp44, MASP-2 and MApl19 showed higher
concentrations in EDTA plasma than in serum. Conversely,
H-ficolin, CL-K1 and MASP-1 showed the highest concen-
trations in serum (Table 1). Approximation to normality
could be assumed for CL-L1, CL-K1, MASP-3, MAp44 and
MAp19, whereas this was not the case for MBL, M-ficolin,
L-ficolin, H-ficolin, MASP-1 and MASP-2 (data not
shown).

LP proteins following freezing and thawing of plasma

We tested the stability of the LP proteins upon exposure
to multiple freeze/thaw cycles. Although only relatively
small differences were seen, the levels of CL-L1, CL-K1, L-
ficolin and H-ficolin changed significantly after nine

freeze/thaw cycles compared to before freezing (Support-
ing information, Fig. S1). H-ficolin and CL-L1 showed an
average fall of 15 and 10%, respectively, whereas concen-
trations of CL-K1 and L-ficolin both increased 15% on
average.

Gender and age differences

Concentrations of M-, L- and H- ficolin and MASP-1, -2
and -3 displayed significant gender differences (Fig. 3). L-
ficolin, H-ficolin, MASP-2 and MASP-3 concentrations
were lower in women than in men. M-ficolin and MASP-1
were higher in women than in men. The remaining pro-
teins showed no concentration differences related to
gender.

The protein concentrations did not seem to change
greatly with age in adults. For the proteins, where a signifi-
cant correlation with age was observed (MBL, MASP-3,
MAp44 and MAp19) the r-values were all within = 0.2,
with a wide range around the approximation line (Sup-
porting information, Fig. S2).
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Table 1. Concentrations of lectin pathway proteins in ethylenediamine tetraacetic acid (EDTA) plasma and serum and gender, age and diurnal

variations
EDTA plasma concen- Gender difference in
tration pg/ml Serum concentration plasma concentration Age correlation (adult) Diurnal variation

(median + IQR) pg/ml (median + IQR) yes =+, no= — yes =+, no= — yes =+, no= —
MBL 1-84 (0-57-3-01) 1-69 (0-59-3-00) - + -
M-ficolin 420 (3-54-4-81) 2-42 (1-96-2-93) + - +
L-ficolin 2-75 (2:10-3-39) - + - n.a.
H-ficolin 363 (29-4-43-7) 39-9 (30-4-51-8) + -
CL-L1 0-52 (0-48-0-58) 0-49 (0-44-0-53) - - -
CL-K1 0-39 (0-36-0-43) 0-47 (0-42-0-52) - - n.a.
MASP-1 7-79 (6-64-9-35) 10-8 (8-27-13-3) + - +
MASP-3 7-04 (5-61-8-50) 6-68 (5-56-8-30) + + -
MAp44 2-35 (2:03-2-78) 2:23 (1-98-2:52) - + -
MASP-2 0-49 (0-39-0-63) 0-41 (0-29-0-53) + - -
MAp19 0-49 (0-42-0-55) 0-41 (0-34-0-49) - + +

IQR = interquartile range; MBL = mannan-binding lectin, MASP = mannan-binding lectin-associated serine protease; CL-L1 = collectin

liver-1; n.a. = not available.

Diurnal variation

A clear diurnal variation was observed for some of the LP
proteins. This was most pronounced for H-ficolin, M-fico-
lin and MAp-19 (Fig. 4). For H-ficolin the concentration
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was halved remarkably from 10 a.m. [median 36-8 pg/ml,
interquartile range (IQR) = 27-6-41-5] to 2 a.m. (median
18-9 pg/ml, IQR = 14-4-20-9). MAp19 displayed a drop in

concentration in the afternoon, and when comparing 6
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Fig. 3. The concentrations of the lectin pathway proteins in serum [ethylenediamine tetraacetic acid (EDTA) plasma for L-ficolin] from male

(M) and female (F) blood donors (a—k). The same differences were observed for proteins in serum and EDTA plasma. Bars indicate median and

interquartile range. Table indicates specific levels for proteins where a significant gender difference was observed (1).
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Fig. 4. Diurnal variation of lectin pathway proteins in ethylenediamine tetraacetic acid (EDTA) plasma from six healthy individuals. Samples were taken at
the time-points given on the x-axis. P-values denote if there is an overall significant variation in concentration during 24 h.

a.m. [0-64 ng/ml, standard deviation (s.d.) = 0-13] with 6 Correlation between LP protein levels

p-m. (0-53 pg/ml, s.d. =0-17) a significant difference was Several protein concentrations correlated, as shown in Fig.

5a. H-ficolin and MASP-1 are the single proteins that corre-
lated significantly with most of the other LP proteins. Con-
centrations of CL-L1 and CL-K1 correlated as expected
(r=0-81, P<0-001) (Fig. 5b), as they are found

observed. M-ficolin showed a tendency to peak around 2
p.m. and 10 p.m. The difference between 2 p.m. (3-05 pg/
ml, IQR = 2.57-4-20) and 2 am. (242 pg/ml,
IQR = 2-17-3-35) was significant.
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Fig. 5. Plots and analysis of correlation between concentrations of lectin pathway (LP) proteins. Pairwise correlation between the concentrations of

the proteins of the lectin pathway are given in (a). Grey tones indicate strong, moderate, weak and very weak correlations, as indicated on the bar

next to (a). Spearman’s rtho and a P-value are given for each correlation. Data points corresponding to the median values of the estimated

concentrations are shown for the two strongest correlations observed, collectin liver-1 (CL-L1) versus CL-K1 (b) and H-ficolin versus L-ficolin (c).

[Colour figure can be viewed at wileyonlinelibrary.com]

predominantly as heterocomplexes of the two polypeptide
chains [4]. A strong correlation was also observed between
H-ficolin and L-ficolin (Fig. 5¢) (r=0-61, P<0-001). A
strong correlation was determined as r above 0-60 or below
—0-60, a moderate correlation at r= 0-30-0-60 or —0.60 to
—0-30, and a weak correlation at r= 0-10-0-29 or —0-29 to
—0.10.

Discussion

The biological importance of the lectin pathway of comple-
ment activation is still little understood, and controversial
findings abound. One way to approach an understanding
of the physiological relevance of a substance is by studying
the levels in various patient cohorts. In order to understand
what is different or changed in the diseased state, a descrip-
tion of what can be considered ‘normal’ is critical. In the
present study of a cohort of 300 adult Danish blood
donors, we describe the concentrations of the lectin path-
way proteins in plasma and serum, gender differences, age
correlations,
between LP proteins.

Concentration of the LP proteins differ to some degree
between serum and plasma. The causes for these differences
are not obvious for all the proteins. It has been described
that the concentrations of M-ficolin are higher in EDTA

diurnal variations and the correlations

© 2016 British Society for Immunology, Clinical and Experimental Immunology, 188: 138-147

plasma than in serum. This is explained by the release of
calcium-dependent surface-bound M-ficolin from granulo-
cytes and monocytes [28]. For L-ficolin, we did not address
this issue here as it has been established that the silica coag-
ulation promotor now added adsorbs L-ficolin. Several LP
proteins, such as MASP-1 and MASP-2, have been impli-
cated in the complement/coagulation cross-talk [11], in
which case concentrations in serum could be expected to
change as coagulation runs its course. We see higher con-
centrations in serum for MASP-1 and lower concentrations
for MASP-2 and MAp44 compared to plasma, and indeed
most proteins display different concentrations in plasma
than in serum (except MBL and MASP-3), in line with
coagulation possibly affecting complement proteins,
although this is not conclusive.

We observed only an insignificant change in protein
concentrations with age, which is in line with what has
been described previously for some of the proteins; i.e. the
most pronounced changes in concentrations occur during
the first year of life [29].

M-ficolin, H-ficolin and MAp19 concentrations changed
significantly during a 24-h period. This was most pro-
nounced for H-ficolin, where a remarkable reduction of
50% was seen from morning to late night. This knowledge
is pivotal in research where patient inclusion is carried out
at all hours of the day, e.g. in acute medical research, where
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securing matched healthy controls would be complicated.
As a minimum, listing of the time of day of the blood sam-
pling should be performed and could, to some extent, alle-
viate the problem, allowing for adjustment of the diurnal
variation in statistical models. Half-lives of the lectin path-
way proteins have been established only for MBL. When
MBL purified from plasma was infused into MBL-deficient
volunteers the protein exhibited a half-life of 69-5 h, with a
wide range of 18-118 h [30]. We found that H-ficolin dis-
plays a remarkable diurnal variation, with a reduction of
approximately 50% during the night. It could be speculated
that if the half-life of the molecule was in the range of 20 h,
this would mean that H-ficolin production follows an on/
off rhythm.

Several of the LP protein concentrations showed gender
differences. This might not be surprising, as there are tre-
mendous gender differences in hormones; also, the distri-
bution and amount of fatty tissue varies between men and
women, and complement proteins have been implicated in
regulation of adipose tissue [31]. The most striking differ-
ence between genders was observed for the ficolins, where
an average difference in concentration of approximately
20% was seen. To some extent it is remarkable that proteins
encoded by the same gene do not display the same gender
variation. MASP-1, MASP-3 and MAp44 are all splice var-
iants from the MASPI gene [17], and we found a 12%
higher concentration of MASP-1 and a 15% lower concen-
tration of MASP-3 in women compared to men, whereas
MAp44 displayed no gender difference. For MASP-2 and
MAp19, both splice variants encoded by the MASP2 gene
[26], we found MASP-2 concentrations 7% lower in
women and no difference regarding MAp19. Very little is
known about the regulation of transcription of LP proteins;
our results indicate that regulation of the serine proteases
and the associated proteins are regulated by different
mechanisms.

Hormonal influences on MBL have been described pre-
viously and both growth hormones and, in particular, thy-
roid hormones, increase the concentration of the protein in
plasma [32,33].

We observed a correlation between the levels of several
of the LP proteins. This is not extraordinary in a system
where most of the proteins exist in complexes. The LP pro-
teins are synthesized predominantly by the liver [34]; how-
ever, it has been described that H-ficolin is abundant in
lung tissue [35], that M-ficolin is produced primarily by
leucocytes [28] and that CL-K1 is also produced by kidney
cells [36]. We confirmed that CL-L1 and CL-K1 concentra-
tions correlate strongly, as we have reported previously
[37]. These proteins have been found to exist primarily as
heteromeric complexes in the circulation [4]. Another
strong correlation was found between H-ficolin and L-
ficolin, which has not been described previously and for
which, to our knowledge, there is no good functional
explanation. One might have expected indications for co-

ordinated synthesis of some of the PRMs and the associ-
ated serine proteases, as is seen for the synthesis of C1q and
Clr and Cls, but such is clearly not the case.

This study lays the foundation for future investigation of
the role of the lectin pathway proteins in diseases. All 11
proteins were quantified in a large cohort of blood donors
on meticulously collected samples. A number of possible
confounders were addressed, revealing several issues to
consider when studying LP proteins in comparative stud-
ies. It is important to use the same material, i.e. either
serum or plasma; gender-matching is necessary, whereas
age is not an issue in adulthood. Diurnal variations must
be taken into account, particularly for H-ficolin, M-ficolin
and MAp19.
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