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SUMMARY

 

The lectin pathway of complement activation is used by a collectin, mannan-binding lectin (MBL), and
two ficolins, L-ficolin and H-ficolin, to opsonize microorganisms for phagocytosis. We published evi-
dence recently that MBL insufficiency is associated with recurrent respiratory infections in childhood.
We have now measured serum L-ficolin in 313 respiratory infection patients and 74 healthy control chil-
dren. L-ficolin concentrations below the lower limit of the control group were found in 6% of the
patients (

 

P

 

 

 

<

 

 0·02) and were associated most strongly with children having co-existing atopic disorders
(11%; 

 

P

 

 

 

=

 

 0·002). We suggest that L-ficolin may have a role in protection from microorganisms com-
plicating allergic disease.
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INTRODUCTION

 

A miscellany of humoral factors are believed to be of importance
in the innate immune system [1]. One such factor, mannan-
binding lectin (MBL), is a member of the collectin subfamily of C-
type lectins that possess a collagen-like region in addition to a C-
type lectin domain [2]. MBL deficiency or insufficiency is associ-
ated with susceptibility to infections generally, and is thought to
influence the course of many diseases [3,4]. MBL functions as an
opsonin, and although it can opsonize microorganisms indepen-
dently of complement [5], its main influence 

 

in vivo

 

 is thought to
arise from activating MBL-associated serine protease-2 (MASP-
2) and thus initiating the lectin pathway of complement activation
[6]. Biologically relevant MBL [usually detected by enzyme-
linked immunosorbent assay (ELISA)] is actually functional
MBL, consisting of higher oligomers of the basic triplet subunit;
only those multimeric forms can bind to carbohydrate patterns
with high avidity and are capable of complement activation [7,8].

MBL is the only collectin known to activate the lectin path-
way of  complement  activation,  but  two  other  plasma  proteins,

L-ficolin (P35) and H-ficolin (Hakata antigen), share this prop-
erty [9]. Ficolins, like collectins, possess a collagen-like region, but
it is combined with a fibrinogen-type carbohydrate recognition
domain, not a C-type lectin domain [9]. Ficolins also form a basic
subunit in which a triple collagen-like helix forms a tail, with the
fibrinogen-like lectin domains forming a cluster of globular heads;
these subunits then oligomerize to form the functional protein
[9,10]. L-ficolin has been shown to bind several species of bacte-
ria, opsonizing them and activating complement in a manner sim-
ilar to that of MBL [11,12].

Recently, MBL insufficiency, with or without a co-existing
immune abnormality, was found to be associated with respiratory
infections in childhood, and this relationship was particularly
strong in subjects with concomitant impairments of humoral
immunity [13]. We have now extended our investigations to assess
the possible influence of L-ficolin in a similar cohort of children.

 

PATIENTS AND METHODS

 

Patients

 

The patients were 313 children with recurrent respiratory tract
infections who attended the Polish Mothers’ Memorial Hospital
in Lodz for investigation of possible immune deficiency. Ages
ranged from 1 to 16 years (mean 8 years), and were included in
this study on the basis of having had either two serious respiratory
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infections (e.g. pneumonias) in 1 year, or a minimum of eight
upper respiratory infections within the same year.

All patients were investigated for possible immune abnormal-
ities [total blood count and differential; immunoglobulins; natural
killer (NK) cells, B cells and T cell subsets; CH50 and complement
components, etc.] as described previously [13]. On that basis, the
patients were divided into five categories for analysis: group I,
patients with no detectable laboratory immune abnormalities
(

 

n

 

 

 

=

 

 95); group II, patients with atopic disorders (mainly asthma
or allergic rhinitis) and a few with elevated IgE only (

 

n

 

 

 

=

 

 90);
group III, patients with abnormalities of humoral immunity
(mainly hypogammaglobulinaemia or selective IgA deficiency)
(

 

n

 

 

 

=

 

 65); group IV, patients with cellular abnormalities (mainly T
cell lymphopenias) (

 

n

 

 

 

=

 

 46); and group X, patients with both
humoral and cellular defects (

 

n

 

 

 

=

 

 17). (Further patient details are
provided in [13], but an important difference is that in this study
patients in group X are unique to group X. In our previous anal-
ysis concerning MBL, the patients in group X were also included
in groups III and IV). Blood samples for serum preparation were
obtained from patients when no signs or symptoms of infection
were evident to the attending physicians. Control sera were
obtained from 74 age-matched children attending the same
hospital for reasons unconnected with infections or respiratory
disease.

Approval of the local ethical commission was obtained, as was
informed parental consent.

 

Laboratory methods

 

L-ficolin was assayed by ELISA, as described elsewhere [14].
Briefly, antigen was captured using one monoclonal antibody
(GN4) to L-ficolin on the solid phase and detected using another
biotinylated monoclonal antibody (GN5). The interassay coeffi-
cient of variation during the duration of these measurements was
12%; tests were repeated at least once on all sera giving relatively
low values.

Serum MBL concentration and MBL genotype data used in
analyses were obtained previously [13]. The routine laboratory
tests used to assess immune status and the local reference ranges
used to define abnormality have been published elsewhere [15].

 

Statistics

 

The statistical analyses were performed using Prism for Windows
software from Graph Pad (San Diego, CA, USA). Median values

were compared by the Mann–Whitney 

 

U

 

-test, and proportions of
low : normal by Fisher’s exact test (two-sided).

 

RESULTS

 

L-ficolin levels in patients and controls

 

The median L-ficolin concentration in the 313 patients as a single
group did not differ significantly from that of the 74 controls
(3·7 

 

m

 

g/ml 

 

versus

 

 3·95 

 

m

 

g/ml; 

 

P

 

 

 

=

 

 0·19). However, low values were
obviously more common in patients (Fig. 1) and that is reflected
in the statistics for each patient subgroup, as summarized in
Table 1.

The distribution of values in the control group was Gaussian,
with the lowest concentration at 1·8 

 

m

 

g/ml. If 

 

<

 

1·8 

 

m

 

g/ml is taken
as the definition of relative deficiency for the purpose of analysis,
a significant proportion of patients (6·4%) had abnormally low
levels (

 

P

 

 

 

=

 

 0·019; Fisher’s exact test). Moreover, L-ficolin defi-
ciency so defined was associated most strongly with patient group
II, children with atopic disorders (11%; 

 

P

 

 

 

=

 

 0·002). Indeed, of the
other patient groups, only group III came close to achieving sta-
tistical significance. The value of 1·8 

 

m

 

g/ml also corresponds to the
mean minus 2 s.d., and if the data are re-analysed at the slightly
different level of 

 

£

 

1·8 

 

m

 

g/ml, the values in patient group II still
achieve a statistically significant difference from those in the con-
trol group (

 

P

 

 

 

=

 

 0·01).

 

Fig. 1.

 

L-ficolin concentrations according to patient classification. The patients and groups were classified as described in the Patients and
Methods section and compared to the values from the group of control children without respiratory diseases.
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Table 1.

 

L-ficolin concentrations in patients and controls

L-ficolin (

 

m

 

g/ml)

Range Mean Median Proportion 

 

<

 

 1·8 

 

m

 

g/ml*

Control group 1·8–6·3 3·72 3·95
Patient group I 0·7–5·9 3·75 3·8 4·2%  (

 

P

 

 

 

=

 

 0·135)
Patient group II 0·3–5·7 3·45 3·6 11·1%  (

 

P

 

 

 

=

 

 0·002)
Patient group III 1·1–5·7 3·41 3·4 6·1%  (

 

P

 

 

 

=

 

 0·046)
Patient group IV 1·5–5·4 3·51 3·55 4·3% (

 

P

 

 

 

=

 

 0·145)
Patient group X 2·0–4·4 3·4 3·6 0%

*Significance values refer to comparisons with the control group using
Fisher’s exact test (two-sided).
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Alternatively, the 5th centile (2·0 

 

m

 

g/ml) could be used as a
cut-off value for analysis, as any cut-off is to some extent arbitrary
and the 5th centile undeniably represents relatively low values. At
that level, only patient group II (14%; 

 

P

 

 

 

=

 

 0·07) exhibited a dif-
ference of borderline statistical significance.

The proportions of values at or above the 95th centile
(

 

≥

 

5·0 

 

m

 

g/ml) in the various patient groups were also compared to
the controls. Patient group I was found to have a significantly
higher proportion (18·9%; 

 

P

 

 

 

=

 

 0·01), but not even the slightest
trend in that direction was apparent in the other groups. This rel-
ative abundance of high values in group I accounts for its having
similar mean and median values to the control group.

Of the patients in group II with L-ficolin 

 

<

 

1·8 

 

m

 

g/ml, five
(50%) had asthma and four (40%) had allergic rhinitis. The cor-
responding proportions (46% and 38%, respectively) were simi-
lar when 

 

£

 

2·0 

 

m

 

g/ml was used as a cut-off value. In patient group
II as a whole, 39% had asthma and 43% had allergic rhinitis.

 

Relationship between L-ficolin and MBL

 

There was no correlation whatsoever between L-ficolin and MBL
in the patients’ sera (Spearman’s 

 

r

 

 

 

=

 

 0·07) or in the control sera
(

 

r

 

 

 

=

 

 0·06).

 

DISCUSSION

 

Because MBL functions as an opsonin via the lectin pathway of
complement activation, it is widely assumed that the ficolins, P35
(L-ficolin) and the Hakata antigen (H-ficolin) function in a simi-
lar or complementary manner. This assumption is supported by
the ability of H-ficolin to inhibit the growth of 

 

Aerococcus viri-
dans

 

 [16], but in contrast to MBL, there have been few disease
association studies involving ficolins. H-ficolin concentrations cor-
related inversely with severity of hepatic cirrhosis [17] and corre-
lated positively with disease activity in SLE [18], but neither
association can be linked to infection. L-ficolin concentrations
were excessively low in a few patients with recurrent miscarriage
[14], and were decreased markedly in haematology patients who
had received chemotherapy (in contrast to MBL), but there was
no relationship evident with susceptibility to infection (again in
contrast to MBL) in these chemotherapy patients [19].

There is some evidence for single nucleotide polymorphisms
in the human L-ficolin gene [20] and its promoter region [21], giv-
ing rise to allelic variation that could influence serum concentra-
tion. This work is preliminary, however, and has been published
only in abstract form. Nevertheless, L-ficolin concentration varies
only about fivefold in most healthy adults, in contrast to the cor-
responding 1000-fold concentration range for MBL. It could
therefore be argued that L-ficolin deficiency does not exist, that
everyone has an adequate circulating level of the protein and that
abnormally low concentrations, such as are found in some che-
motherapy patients, arise simply as a result of disease or its treat-
ment and are not the cause of disease or disease complications.
Indeed, it is reasonable to assume that chemotherapy results in a
lowering of circulating L-ficolin. However, in the present investi-
gation, blood was sampled when the patients were well, so it
seems more likely that low L-ficolin concentration influences dis-
ease rather than being caused by disease.

The investigation described here is by far the largest disease
association study concerning L-ficolin, and the first to show a sig-
nificant association with human infectious disease. The data pat-
tern illustrated in Fig. 1 is superficially similar to that published

recently for MBL with a similar series of patients [13], with a
minority of low values found in the various patient subgroups. The
disease association is weaker with L-ficolin than with MBL, but
what is more striking is the relative strengths of association within
the patient subgroups. The strongest and most significant associ-
ation with childhood respiratory infections was in the allergy/
atopic group. This contrasts starkly with the MBL association,
which was linked most strongly with patients having a concomi-
tant defect of humoral immunity and which was in no way
enhanced by the co-existence of allergic signs or symptoms.

This special relationship with atopic patients was not a prior
hypothesis and therefore should be regarded with caution until
independently confirmed. Nevertheless, it is plausible that L-
ficolin may be particularly important in protection from microor-
ganisms complicating allergic diseases affecting the lungs. It may
be relevant that only L-ficolin has been shown to activate com-
plement after binding to lipoteichoic acid, a common cell-wall
component of Gram-positive bacteria [12]. Although MBL can
bind some Gram-positive bacteria, most notably 

 

Staphylococcus
aureus

 

 [5,22,23], there was no detectable interaction between
MBL and 

 

Streptococcus pneumoniae

 

 [20], a bacterium L-ficolin
might be expected to bind. We suggest that L-ficolin may recog-
nize and opsonize a different spectrum of microorganisms from
MBL, and so exhibit functional complementarity rather than
redundancy.
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