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Background: The collectin CL-L1 is a pattern recognition molecule of the innate immune system.
Results: Several biological parameters are established and furnish a basis for continued investigations.
Conclusion: CL-L1 has specificity similar to other collectins, is present as large oligomers in blood from birth, and is associated

with MASPs.

Significance: A number of novel data supporting a biological role for CL-L1 are presented.

Collectins are pattern recognition molecules of the innate
immune system showing binding to carbohydrate structures on
microorganisms in a calcium-dependent manner. Recently,
three novel collectins, collectin liver 1 (CL-L1), collectin kidney
1 (CL-K1 and CL-11), and collectin placenta 1 (CL-P1), were
discovered. The roles of these three collectins remain largely
unknown. Here, we present a time-resolved immunofluoromet-
ric assay for quantification of CL-L1. The concentration of
CL-L1 in donor plasma (# = 210) was distributed log-normally
with a median value of 3.0 ug/ml (range 1.5-5.5 pg/ml). We
observed on average 30% higher concentrations of CL-L1 in
plasma as compared with serum. Size analysis by gel-perme-
ation chromatography showed CL-L1 in serum to elute as large
700 — 800-kDa complexes and smaller 200 —300-kDa complexes.
CL-L1 showed specific binding to mannose-TSK beads in a
Ca’*-dependent manner. This binding could be inhibited by
mannose and glucose, but not galactose, indicating that CL-L1
binds via its carbohydrate-recognition domain and has ligand
specificity similar to that of mannan-binding lectin. Western
blot analysis of CL-L1 showed the presence of several oligomeric
forms in serum. Ontogeny studies showed CL-L1 to be present
at birth at near adult levels. CL-L1 levels exhibit low variation in
healthy adults over a 1-year period. During acute-phase
responses, the CL-L1 levels display only minor variations. In
serum, CL-L1 was found in complexes with mannan-binding
lectin-associated serine proteases, suggesting a role in the lectin
pathway of complement activation. The presented data estab-
lish a basis for future studies on the biological role of CL-L1.

Innate immune molecules are involved in the recognition,
confinement, and clearance of invading microorganisms. Both
soluble and membrane-bound pattern-recognition molecules
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(PRMs)? are involved in the recognition of non-self structures,
i.e. pathogen-associated molecular patterns on microorgan-
isms as well as determinants presented by altered self. Collec-
tins include a distinct group of C-type lectin PRMs. Collectins
are composed of several subunits each consisting of three iden-
tical polypeptides with an N-terminal cross-linking region
(CLR) followed by a collagen-like region, an a-helical coiled-
coil neck region, and a C-terminal carbohydrate recognition
domain (CRD). C-type lectins bind, in a calcium-dependent
manner, to targets presenting ligands with adequately spaced
terminal carbohydrate groups (1). Although the first collectin
identified, conglutinin, was reported 100 years ago (2), the
study of collectins only took broader interest with the identifi-
cation in 1978 of mannan-binding lectin (MBL) (3), followed by
surfactant protein A (4) and surfactant protein D (5). Three
further collectins were more recently discovered by Wakamiya
and co-workers, i.e. collectin liver 1 (CL-L1, also termed collec-
tin 10) (6), collectin placenta 1 (CL-P1, also termed collectin 12)
(7), and collectin kidney 1 (CL-K1, also termed collectin 11 or
CL-11) (8). CL-P1 is a membrane protein resembling scavenger
receptors (9). CL-K1 is a soluble protein found in serum at a
median concentration of 284 ng/ml (9, 10). It was shown that
CL-K1 associates with MASPs and might therefore be an acti-
vator of the lectin pathway (11). The same study also showed
that CL-K1 was able to bind to some microorganisms as well as
to apoptotic cells. It was later confirmed that recombinant
CL-K1 and recombinant MASP-2 were able to form stable
complexes in vitro and activate the lectin pathway upon binding
to Candida albicans (12).

CL-L1 was discovered through the screening of expressed
sequence tag databases, revealing a cDNA fragment with C-ter-
minal sequence homology with collectins (6). The gene encod-
ing CL-L1, now designated COLEC10, is located on chromo-

2 The abbreviations used are: PRM, pattern-recognition molecule; TRIFMA,
time-resolved immunofluorometric assay; CRD, carbohydrate recognition
domain; MBL, mannan-binding lectin; CLR, cross-linking region; MASP,
MBL-associated serine protease; LC-SRM-MS, liquid-chromatography
selected reaction monitoring mass-spectrometry; pAb, polyclonal anti-
body; mAb, monoclonal antibody; HSA, human serum albumin; CRP, C-re-
active protein; hlgG, human IgG; BisTris, 2-[bis(2-hydroxyethyl)amino]-2-
(hydroxymethyl)propane-1,3-diol; rCL, recombinant CL.
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some 8 (q23-24.1) and spans 39,784 bp. The primary transcript
includes six exons and a total of 1706 nucleotides. The first exon
encodes the leader peptide, the N-terminal CLR, and the start
of the collagen-like region. The next three exons encode the
remaining collagen-like region, and the fifth and sixth exons
encode the neck region and the CRD, respectively. The mRNA
encodes an ORF of 277 amino acids, including a predicted
leader peptide of 27 amino acids, resulting in a mature polypep-
tide chain of 250 amino acid residues comprising a CLR of 19
amino acids, a collagenous region of 72 amino acids, a neck
region of 37 amino acids, and a CRD of 122 amino acids.

Only one paper has presented original data on characteristics
of CL-L1 (6). CL-L1 was described as a cytoplasmic protein, and
an initial description of a lectin activity of recombinant CRDs of
CL-L1 was presented (6).

Extending the studies of CL-L1 in cytoplasm, we have ana-
lyzed for the presence of the protein in serum and plasma. In
this study, we present an assay for the measurement of CL-L1,
and we use this assay to establish the levels of the protein in
serum, size, and composition of the complexes, ontogeny, and
acute phase reaction, and we analyze the lectin activity of
CL-L1.

EXPERIMENTAL PROCEDURES

Blood Samples—Serum and plasma samples were obtained
from Danish blood donors after informed consent according to
the Declaration of Helsinki. Fresh blood samples were also col-
lected from some individuals and kept at room temperature
(RT), 4 °C, and 37 °C for varying time periods. To further eval-
uate the stability of CL-L1, fresh serum and plasma samples
were exposed to repeated freezing and thawing cycles (z = 10).
Ontogeny samples (0—12 months) were obtained from the
umbilical cord of 12 infants and subsequently after 6, 9, and 12
months (13). Samples collected from patients undergoing colo-
rectal surgery were obtained just prior to operation and sequen-
tially up to 5 days after surgery, with a 35-day follow-up (14).

Expression of Recombinant CL-L1 in HEK293F Cells—A
¢DNA clone (DNA Technology A/S, Denmark) encoding the
full-length ¢cDNA of human CL-L1 was introduced into the
pCMV6XL4 transcription vector (OriGene, Technologies,
Rockville, MD). The vector was transformed into One Shot®
TOP10 Chemically Competent Escherichia coli (C4040-10,
Invitrogen) according to the manufacturer’s protocol. The
DNA plasmid was purified with HiSpeed plasmid Maxi-Kit
(12663, Qiagen) according to the manufacturer’s protocol.
Freestyle™ HEK293F cells (R79007, Invitrogen) were used for
transient expression of recombinant CL-L1. The cell line has
been adapted to grow in suspension in a serum-free medium
(Freestyle Expression Medium, Invitrogen). The pCMV6XL4
CL-L1 expression construct was introduced into the cells using
Lipofectamine™ 2000 (Invitrogen) according to the manufac-
turer’s protocol. After growth of the cells for 72 h, the culture
supernatants were harvested after centrifugation at 10,000 rpm
for 10 min and stored at 4 °C in the presence of 15 mm sodium
azide.

Sample Preparation for Liquid Chromatography-Selected
Reaction Monitoring-Mass Spectrometry (LC-SRM-MS)—A
total of 100 ul of recombinant CL-L1 culture supernatant was
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lyophilized and re-dissolved in 40 ul of 0.2 m Tris-HCl, pH 8.3,
containing 8 M urea, reduced, and alkylated by adding 1.2 ul of
0.5 m dithiothreitol (DTT, to 15 mm) followed by the addition of
2.6 ul of 0.5 M iodoacetamide (to 30 mMm). Both reactions were
allowed to continue for 1 h. The protein concentration of the
sample was estimated by SDS-PAGE (data not shown) to be
about 0.5 ug/pl. The sample was subsequently diluted 5-fold
with 0.1 m Tris-HCI, pH 8.3, and digested using 1:50 w/w (i.e.
~1 pg) sequencing grade modified trypsin (Sigma, T6567-
1MQ@) at 37 °C for 16 h in a final volume of 225-229 ul. A total
of 360 fmol of three stable isotope-labeled standard peptides
(see below) were added to 24 pul of trypsin-digested sample,
before desalting on C,; StageTips (Thermo Scientific, Hvi-
dovre, Denmark). The sample was lyophilized and dissolved in
36 ul of 0.1% formic acid, and 5 ul was analyzed by LC-SRM-
MS. This corresponds to loading 50 fmol of the stable isotope-
labeled standard peptides on the column. All samples were han-
dled in Protein LoBind Tubes (Eppendorf) to reduce protein
loss.

Mass Spectrometry—LC-SRM-MS analyses were performed
on an EASY-nLC II system (Thermo Scientific) connected to a
Qtrap 5500 mass spectrometer (AB Sciex) equipped with a
NanoSpray III source (AB Sciex) and operated under Analyst
1.6.1 control. The samples were injected, trapped, and desalted
isocratically on a ReproSil-Pur C18-AQ column (5-um beads, 2
cm X 100 wm inner diameter; Thermo Scientific) after which
the peptides were eluted from the trap column and separated
on a ReproSil-Pur C18-AQ capillary column (3-um beads, 16
cm X 75 um inner diameter) packed in-house in acetonitrile,
connected directly to the mass spectrometer. The peptides
were eluted using a 12-min gradient from 5 to 35% buffer B
(0.1% formic acid and 90% acetonitrile) at 250 nl/min, followed
by re-equilibration for 10 min back to the starting conditions.
The Qtrap was in positive ion mode with 2500 V ion spray
voltage, curtain gas setting of 30, ion source gas setting of 5, and
an interface heater temperature of 150 °C. The eluted peptides
were measured with a selected reaction monitoring assay using
a 20-ms dwell time for all transitions (24 in total) and a target
scan time of 0.6 s. The resolution in Q1 and Q3 was set to unit
(0.7 atomic mass units full width of half-maximum).

Quantification of Recombinant CL-L1—The recombinant
CL-L1 amount in the culture supernatant was determined by
selected reaction monitoring mass spectrometry. The assay was
developed using Skyline 1.4.0.4421 (15) based on the analysis of
recombinant CL-L1. Briefly, an MS discovery analysis of the
digested culture CL-L1 containing supernatant was performed,
and four peptides were selected. The peptides and their associ-
ated fragment ions were processed in Skyline. After data acqui-
sition on the QTrap 5500, the three peptides with the highest
intensities were selected as follows: GLLGIPGEK, DEAANTLI-
ADYVAK, and VFIGVNDLER. Finally, collision energy optimi-
zation was performed on fragment ions using seven steps of 1 V
on each side of the calculated collision energy values, and the
four most intense transitions were kept for each of the three
peptides (supplemental Fig. 1). The three stable isotope-labeled
standard peptides, SpikeTides_TQL, were produced for us by
JPT Peptide Technologies GmbH, Germany.
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Polyclonal Antibodies (pAb)—Two different pAb to CL-L1
were produced by contract by GenScript Inc. The general pro-
duction protocol can be viewed on line. In brief, 5 mg of either
synthetic peptides representing the 14 N-terminal (LDIDSRP-
TAEVCAT) or a 14-amino acid long stretch in the CRD
(NEGEPSDPYGHEDC) was conjugated with keyhole limpet
hemocyanin. The conjugates were emulsified in complete
Freund’s adjuvants and used as immunogen on two separate
rabbits. The rabbits received a boost with the conjugate emul-
sified with incomplete Freund’s adjuvant 14, 35, and 56 days
after the primary immunization. Each dose contained 500 ug of
conjugate. The sera were tested by ELISA for reactivity against
the respective peptide coated onto microtiter wells. The anti-
peptide antibodies were affinity-purified on peptide-deriva-
tized high affinity iodoacetyl resin as described by the supplier,
GenScript, and lyophilized. Twenty to 30 mg were supplied.

Monoclonal Antibodies (mAb)—Monoclonal antibodies
were produced by GenScript. The general protocol for produc-
tion can be viewed on line. In brief, BALB/c mice were immu-
nized subcutaneously with 100 ug per animal of either of the
above described two peptide-keyhole limpet hemocyanin con-
jugates emulsified first in Freund’s complete adjuvants, fol-
lowed by two injections with incomplete Freund’s adjuvants
and a final i.v. boost, each with 50 ug per animal. Four mice
received the synthetic peptide representing 14 N-terminal
amino acids, and six mice received the synthetic peptide repre-
senting CRD. Sera from all mice were tested for reactivity
against the respective peptide coated directly onto microtiter
wells. Mice exhibiting high titers were selected. Spleen cells
from these mice were fused with myeloma cells (SP2/0), and
selection was carried out on wells coated with the peptide used
for immunization. After expansion, cloning, etc., the antibodies
were purified by affinity chromatography on protein G beads
and lyophilized.

Analysis by Western Blotting—The reactivities of the mAbs
and the pAb were tested by Western blotting. Recombinant
CL-L1 supernatant (0.5 ml) was mixed with 125 ul of SDS-
PAGE sample buffer (30 mm Tris-HCI, 10% (v/v) glycerol, 8 M
urea, 3% (w/v) SDS, 0.1% (w/v) bromphenol blue, pH 8.9) and
separated by electrophoresis on XT-Criterion pre-cast 4—12%
gradient BisTris polyacrylamide gel (Bio-Rad). DTT was added
to disrupt disulfide bonds followed by iodoacetamide, and the
samples were applied to a 10-cm broad trough. Separated pro-
teins were blotted onto a nitrocellulose membrane (Hybond
ECN, GE Healthcare) in transfer buffer (25 mm Tris, 0.192 M
glycine, 20% v/v ethanol, 0.1% w/v SDS, pH 8.3) for 500 V-h.
The membrane was blocked for 30 min in TBS, 0.1% Tw (10 mm
Tris-HCI, 140 mm NaCl, 15 mm sodium azide, pH 7.4 (TBS),
with 0.1% v/v Tween 20) and washed three times in TBS, 0.05%
Tw (TBS/Tw) before it was cut into 3-mm wide strips. The
strips were incubated in wells of Octatray (Octa 110, Pateof,
Odense, Denmark) overnight on a rocking table with either 1
g of pAb 187-7 and 187-110 or mAb 4F4 (from the antibody
production described above) per ml of primary buffer (TBS/
Tw, 1 mm EDTA, 1 mg of human serum albumin (HSA, Statens
Serum Institut, Copenhagen, Denmark), and 100 ug of normal
human IgG (hIgG, Beriglobin, CSL Bering, Marburg, Germany)
per ml. As control for antibody, specificity strips were also incu-
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bated with normal rabbit (Dako, Glostrup, Denmark) or normal
mouse IgG (Lampire® Biological Laboratories) in primary
buffer. After washing three times in TBS/Tw, the strips were
incubated with horseradish peroxidase-labeled rabbit anti-
mouse antibody (Dako) or goat anti-rabbit antibody (Dako)
diluted 4000-fold in secondary buffer (TBS/Tw without sodium
azide, 1 mm EDTA, 100 ug of hIgG per ml) for 2 h on a rocking
table followed by washing three times in TBS/Tw and develop-
ing with SuperSignal West Pico chemiluminescent substrate
(Thermo Scientific). Images were analyzed with a CCD camera
(Fuji, Vedbaek, Denmark, LAS-4000). Background reactivity
from the secondary HRP-conjugated antibody was evaluated
with the buffer control strips.

Biotinylation of Antibodies—Antibodies were biotinylated
with 166 pg of biotinyl-N-hydroxysuccinimide (Sigma) per mg
of antibody according to the method described by the supplier
followed by dialysis against TBS.

Analytical Affinity Purification of CL-LI—FluoroNunc
MaxiSorp (Thermo Scientific, 437958) microtiter wells were
each coated with 0.5 pg of 187-10 anti-CL-L1 or with 0.5 ug of
normal rabbit IgG (Dako) in 100 ul of PBS, overnight at room
temperature (RT). Wells were blocked by incubation with
TBS/Tw for 1 h, and subsequently washed with TBS/Tw.
Twelve anti-CL-L1 wells and 12 control wells each received 100
wul of EDTA plasma diluted with an equal volume of “binding
buffer” (TBS/Tw with 10 mm EDTA, 100 g of heat-aggregated
hIgG, and 10 pg of normal rabbit IgG (Dako) per ml). The
heat-aggregated hIgG was prepared by incubation of hlgG
(Beriglobin) at 1 mg/ml PBS at 60 °C for 30 min followed by
centrifugation at 3000 X g for 10 min to remove large aggre-
gates. Similarly, 12 antibody and 12 control IgG-coated wells
received recombinant CL-L1 supernatant diluted with an equal
volume of binding buffer. After incubation overnight, the
microtiter wells were washed with TBS/Tw, and bound protein
was eluted successively from 12 wells with 120 ul of SDS-PAGE
sample buffer. The four eluates were subjected to SDS-PAGE
followed by Western blotting (as above) using 1 ug of mAb
anti-CL-L1 antibody 4F4 per ml in primary buffer.

Time-resolved Immunofluorometric Assay—The concentra-
tion of CL-L1 in serum was determined by TRIFMA involving
capture with pAb 187-10 anti-CL-L1 and detection of bound
CL-L1 with biotinylated pAb 187-7 anti-CL-L1, followed by incu-
bation with Eu®* -labeled streptavidin (1244-360 PerkinElmer Life
Sciences). FluoroNunc MaxiSorp microtiter plates were incu-
bated with 0.5 ug of 187-10in 100 ul of PBS overnight. Residual
binding sites were blocked with 1 mg of HSA per ml of TBS, and
the wells were washed with TBS/Tw, and samples diluted in
sample buffer were added. The sample buffer was identical to
the binding buffer described above. Heat-aggregated hlgG was
included to prevent false-positive signals due to rheumatic fac-
tor, and normal rabbit IgG was added to prevent cross-linking
between coating and developing antibodies by human anti-rab-
bit antibodies in the serum samples (16). A standard curve was
constructed from a dilution of a standard plasma pool. This was
initially diluted 10-fold followed by serial 2-fold dilutions. Test
samples were diluted 40-fold. After incubation overnight at
4.°C, the wells were washed with TBS/Tw and incubated with
100 ng of biotin-conjugated 187-7 anti-CL-L1 antibody in
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100 wl of TBS/Tw, 10 mm EDTA for 2 h at RT. After washing
with TBS/Tw, the wells were incubated with 10 ng of Eu®*-
labeled streptavidin in 100 ul of TBS/Tw, 25 uM EDTA for 1 h
at RT. Following washing, the bound europium was quanti-
fied by adding 200 ul of enhancement solution (PerkinElmer
Life Sciences) per well, and the fluorescence was read on a
fluorometer (Victor?, PerkinElmer Life Sciences). Data were
assessed using the WorkOut 2 software (PerkinElmer Life Sci-
ences). In addition to the dilutions of plasma for the construc-
tion of a standard curve, three internal control plasma and a
buffer control were also included. All samples were added in
duplicate.

Specificity of Ligand Binding—Serum (500 ul) diluted with an
equal volume TBS/Tw, 5 mm CaCl, was incubated in the pres-
ence of increasing concentrations of potential inhibitors
(0-100 mm) overnight on rotation at 4 °C with 100 ul of man-
nose-coupled TSK HW 75 beads. The TSK beads were acti-
vated with divinyl sulfone (17) and coupled to mannose as
described previously (18). After centrifugation (100 X g for 5
min), the supernatants were collected; the beads were washed
with TBS/Tw, 5 mm CaCl,, and bound CL-L1 was eluted with
250 pl of TBS/Tw, 5 mm CaCl, containing 100 mM b-mannose.
CL-L1 and MBL were subsequently measured in the eluates
collected after centrifugation as above.

Calcium Dependence for Ligand Binding—Serum (500 ul)
diluted with an equal volume of TBS/Tw + 5 mm CaCl or + 10
mM EDTA was incubated overnight on rotation at 4 °C with 100
wl of mannose-coupled TSK beads. b-Mannose (100 mMm) was
added to some samples to inhibit binding. The samples were
centrifuged (100 X g, 5 min), and the supernatants were dis-
charged. The beads were washed twice in TBS/Tw, 5 mm CaCl,,
and bound material was eluted with 250 ul of TBS/Tw, 5 mMm
CacCl, containing 100 mm p-mannose for 10 min on rotation at
RT. The samples were centrifuged (100 X g 5 min), and CL-L1
content of the supernatants was measured by TRIFMA. Sam-
ples incubated with unconjugated TSK beads were used as a
negative control.

Gel-permeation Chromatography—Normal human serum
and recombinant CL-L1 culture supernatants were subjected to
gel-permeation chromatography on a Superose 6 HR 10/300
column (GE Healthcare). The column buffer was TBS, 5 mMm
CaCl,, or TBS, 10 mm EDTA. The column was run at a flow rate
of 1 ml/min, and 250-ul fractions were collected in Tween
20-treated 96-well FluoroNunc MaxiSorp microtiter plates.
Fractions were assayed for CL-L1 by the above described sand-
wich TRIFMA. The elution volume of IgM, MBL, H- and L-fi-
colin, purified IgG, and HSA on this column has previously
been established (19).

CL-L1 Association with MASPs—Possible complexes between
CL-L1 and MASPs in serum were analyzed by coating Fluoro-
Nunc microtiter wells with capture antibody for one compo-
nent and then develop with biotinylated antibody against the
other component. FluoroNunc microtiter plates were coated
with 500 ng of pAb 187-10 anti-CL-L1 antibody or 200 ng mAb
5F5 in 100 ul of PBS. mAb 5F5 is directed against the CCP-1
domain common for MASP-1, MASP-3, and MAp44 (20) and
shall be termed simply “anti-CCP-1 antibody.” As negative con-
trol, wells were coated with 500 ng of normal rabbit IgG (Dako)
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or 200 ng of normal mouse IgG (Lampire). After blocking in
TBS/HSA and washing with TBS/Tw were added dilutions of
serum in either TBS/Tw, 10 mm EDTA, or TBS/Tw, 10 mm
EDTA with 1 M NaCl. In addition, the buffer contained 10 ug of
normal mouse IgG (Lampire), 10 pg of normal rat IgG (Lam-
pire), and 10 pg of cow IgG (Lampire) per ml (16). The plates
were incubated overnight at 4 °C, washed with TBS/Tw, and
incubated with either 100 ng of biotinylated pAb anti-CL-L1
187-7 or 100 ng of biotinylated mAb anti-CCP1 antibody per
100 ul of TBS/Tw, 10 mm EDTA for 2 h at RT. After washing
with TBS/Tw, the wells were developed with europium-labeled
streptavidin as described above.

Stability of CL-L1—Fresh EDTA plasma and serum from the
same individual were left at RT, 4 °C, and 37 °C, and aliquots
(200 pl) were taken at 1 and 5 h and 2, 5, 14, 41, and 54 days and
stored at —80 °C until CL-L1 content was measured. Also, fresh
EDTA plasma and serum samples collected from the same indi-
vidual were subjected to repeated cycles (n = 10) of freezing
(—80 °C) and thawing followed by measurement of CL-L1 lev-
els. Sodium azide to 15 mm was added to all samples to prevent
bacterial growth.

Variation of CL-L1 Levels during a 1-Year Period—EDTA
plasma samples were obtained over a 1-year period from 10
apparently healthy individuals. The samples were collected on
each day during the 1st week followed by weekly collections and
finally monthly collections. The samples were stored at —80 °C,
and CL-L1 levels were subsequently measured.

Ontogeny—CL-L1 levels were measured in serum samples
obtained from a cohort of umbilical cord and infant blood (6,
9, and 12 months after birth) (12). Samples were kept at
—80°C.

Acute-phase Response—CL-L1 levels were measured in blood
samples obtained from a previously described cohort of colo-
rectal cancer patients undergoing surgery (13). Blood samples
were collected from six patients prior to surgery and sequen-
tially thereafter. CRP levels were determined previously (13).

Statistics—CL-L1 concentrations were given by the median
and range. Normality of the distribution of the log-transformed
values of CL-L1 levels was evaluated using the Kolmogorov-
Smirnov normality test. Spearman nonparametric correlation
was used to analyze the values obtained from measuring the 70
corresponding EDTA plasma and serum samples. All calcula-
tions were done using GraphPad Prism 5 (GraphPad software,
LaJolla, CA.).

RESULTS

Anti-CL-L1 Antibodies—The specificity of pAb and mAb was
examined by separating recombinant CL-L1 culture superna-
tants by SDS-PAGE under reducing and nonreducing condi-
tions with subsequent analysis by Western blotting. Both mAbs
and pAb were raised against two different synthetic peptides
representing the N-terminal CLR and CRD of CL-L1 (Fig. 14).
We initially analyzed the reactivity of 12 antibodies, 5 of which
were directed against the N terminus and 7 against the CRD. Of
the mAb, only those raised against the CRD showed reactivity
with CL-L1 (data not shown). On the Western blot illustrating
the results obtained by staining of reduced recombinant CL-L1,
all antibodies showed reaction with material migrating corre-
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FIGURE 1. Analysis of antibodies against CL-L1. A, COLECT0 gene encoding CL-L1 is located on chromosome 8, q23-24.1 and spans 39,784 bp. The primary
transcript is composed of six exons and a total of 1708 nucleotides. Gray areas indicate 5’ and 3'UTRs. Translation results in an immature protein of 277 amino
acids, including a predicted (Signal-3L) signal peptide (amino acids 1-27), a mature protein of 250 amino acids, and a predicted molecular mass of 27.5 kDa.
Predicted O- and N-linked glycosylation sites are indicated (predicted with online tools NetOGlyc and NetNGlyc). The overview of the COLECT0 gene and the
primary transcript is based on comparison between the cDNA (NM_006438.3) and the sequence of the COLECT0 gene (NC_000008.10). Polyclonal anti-CL-L1
187-7 antibody (pAb) was raised against the 14 N-terminal amino acids, although both mAb 4F4- and pAb anti-CL-L1 187-10 antibodies were raised against a
stretch of 14 amino acids in the CRD. The domain and the regions are presented in relation to their relative size. B, illustration of the reactivity of pAb anti-CL-L1
(187-7 and 187-10) and mAb anti-CL-L1 (4F4) on membrane strips from a blot of a crude recombinant CL-L1 culture supernatant separated under reducing (left
panel) and nonreducing (right panel) conditions. Strips were incubated with normal rabbit and mouse IgG as controls for pAb and mAb, respectively. Molecular
markers are indicated. C, plasma and recombinant CL-L1 was caught from plasma and recombinant culture supernatant in microtiter wells coated with rabbit
pAb anti-CL-L1 187-10. As a control, incubations were carried out in wells coated with normal rabbit IgG antibody (right panel). Bound serum and recombinant
CL-L1 were eluted with SDS-PAGE sample buffer, separated on SDS-PAGE under reducing and nonreducing conditions, and analyzed by Western blotting with
4F4 mouse mAb anti-CL-L1 antibody as detecting antibody. The positions of molecular size markers are indicated. The experiment was repeated three times
with similar results. Same results were obtained with serum.

sponding to ~37 kDa (Fig. 1B). When the recombinant CL-L1
was subjected to SDS-PAGE without a reducing agent, blotting

rabbit IgG and incubated with EDTA plasma or rCL-L1 culture
supernatant. Bound proteins were eluted with SDS-PAGE sam-

the same antibodies stained two bands corresponding to 70 and
75 kDa. When comparing the intensity of the staining of
reduced and nonreduced CL-L1, itappeared that the antibodies
reacted stronger with reduced rCL-L1, possibly because the
immunogens were synthetic peptides.

Affinity Purification of CL-L1—To evaluate the specificity of
pAb anti-CL-L1 antibody 187-10 against native CL-L1, and at
the same time to investigate if the antibody used for coating in
our assay could capture native CL-L1 from a protein solution,
we performed analytical affinity purification. Microtiter plates
were coated with pAb anti-CL-L1 187-10 or control normal
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ple buffer, separated by SDS-PAGE, and analyzed by Western
blotting. As shown in Fig. 1C, protein bands originating from
EDTA plasma and developed with 187-10 were seen under
nonreducing conditions migrating with molecular masses of
165, 330, and 490 kDa, likely corresponding to dimeric, tetra-
meric, and hexameric forms of CL-L1 subunits. The nonre-
duced recombinant CL-L1 showed a mobility corresponding to
a mass of 75 kDa, which likely represents a single subunit of
three polypeptides. Under reducing conditions, plasma and
recombinant CL-L1 migrated with a mobility corresponding to
a molecular mass of 37 kDa. Similar results were seen when
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FIGURE 2. Quantification of CL-L1 using selected reaction monitoring.
A, amount of CL-L1 was determined by measuring the ratio between three
different CL-L1 stable isotope-labeled peptides of known concentration
and the equivalent endogenous peptides using LC-SRM-MS. The ratio was
calculated as the areas under the curves plotting the intensity signal for
the heavy and the light peptide. The curves for the heavy and light
DEAANTLIADYVAK peptides are shown as an example. B, three trypsin
digestions were performed to account for variability in digestion or sam-
ple loss during sample handling, and each digest was analyzed five times
by LC-SRM-MS. Average values of each peptide were summed to generate
an intensity value for the endogenous CL-L1, which was normalized
against the intensity of the known amount of heavy labeled peptides,
which was 50 fmol (supplemental Fig. 1). The results obtained from three
different trypsin digests are shown.

using the pAb anti-CL-L1 187-7 antibody, which was employed
as developing antibody in our sandwich assay (data not shown).

Quantification of Recombinant CL-L1—The concentration
of CL-L1 was determined by establishing the ratios of three
stable isotope-labeled standard peptides (heavy) and the equiv-
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FIGURE 3. CL-L1 assay dilution curve. The response obtained in the CL-L1
assay when applying a dilution series of standard plasma, recombinant CL-L1
supernatant in EDTA-containing buffer, and Ca®"-containing buffer. Dilu-
tions of plasma and recombinant CL-L1 (data not shown) in Ca®"-containing
buffer resulted in marked reduced signal. Background controls were wells
coated with normal rabbit IgG.

alent endogenous (light) peptides using the absolute quantifi-
cation approach (21). The analytical performance of the assay
was determined by generating response curves using increasing
amounts of heavy peptide response in the 1-200 fmol range
(supplemental Fig. 1). To account for trypsin digestion variabil-
ity or sample loss during handling, three separate digests were
performed, and each digest was analyzed five times by
LC-SRM-MS (Fig. 2). The mean concentration of CL-L1 in the
recombinant CL-L1 supernatant was determined to be 47
fmol/ul with a standard deviation of 2.7% (supplemental Fig. 1).
This translated to a CL-L1 polypeptide concentration of 1.30
pg/ml in our recombinant culture supernatant, if assuming a
molecular mass of 28 kDa.

CL-L1 Assay—We initially screened the reactivity of 10
monoclonal and 2 polyclonal antibodies for their suitability in a
solid-phase assay in terms of dose response and signal to noise
ratio. Different buffers with low, neutral, and high pH, with low
or high ionic strength, and with or without calcium ions present
were assessed in combination with two concentrations (1 and 5
pg/ml) of the 12 anti-CL-L1 antibodies used for coating and
developing with these as biotinylated in a matrix system. Based
upon these preliminary results, we constructed a sandwich-
based TRIFMA assay for CL-L1 with the following conditions:
coating with 5 ug of anti-CL-L1 187-10 antibody per ml and
developing with 1 ug of anti-CL-L1 187-7 antibody per ml. To
further examine the suitability of the two different pAb anti-
CL-L1 antibodies for an assay detecting native CL-L1 and their
use in a solid-phase TRIFMA, we applied a dilution series of
standard EDTA plasma and rCL-L1 culture supernatant onto
wells coated with pAb anti-CL-L1 187-10, and subsequently
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TABLE 1
Inhibition of CL-L1 and MBL binding

The carbohydrate concentration needed to inhibit 30% of maximal signal (Z,,) for
CL-L1 and MBL binding to mannose was determined graphically from inhibition
curves such as shown in Fig. 4, B and C.

CL-L1 binding to

MBL binding to

Inhibitor mannose-TSK, I, mannose-TSK, I,
mm mm
D-Mannose 7 16
Glucose 28 75
Galactose NI“ NI¢
L-Fucose 6 19
D-Fucose 85 NI“
GlcNAc 28 19
ManNAc 10 33
Glucosamine NI# 63
Galactosamine NI“ NI¢
Mannosamine NI* NI“

“ NI means not inhibitory, i.e. less than 30% inhibition at 100 mm.

developed with biotinylated anti-CL-L1 187-7 antibody. None
of the monoclonal antibodies showed reactivity against native
CL-L1 in this setup. Only the two pAb anti-CL-L1 antibodies
exhibited reactivity toward native CL-L1. The results are shown
in Fig. 3. This shows the standard curve obtained with a serial
dilution of EDTA plasma and also the results when applying
dilutions of rCL-L1. The dilution curves were parallel until the
highest concentrations, indicating that the level of plasma
CL-L1 could be estimated from the lower part of the curve
obtained with rCL-L1. This leads to an estimated CL-L1 level of
2.6 ug/ml in our standard plasma pool. Other microtiter plates
were simultaneously coated with nonspecific rabbit IgG and
incubated with dilutions of EDTA plasma and rCL-L1 and were
included as a control for antibody specificity (Fig. 3). The assay
only worked in the presence of EDTA in the sample buffer (Fig.
3). This is presumably due to a different conformation of the
C-terminal CRD domain of native folded CL-L1 with bound
calcium ions, as compared with the synthetic linear peptides
that were used as immunogens in the production of antibody.
This could result in the production of antibodies recognizing a
non-natural conformation of the CRD domain; thus, EDTA was
necessary for the creation of a recognizable epitope. We found
a dilution of 40-fold in most cases to be suitable for serum and
plasma samples to be assayed for CL-L1. For routine analysis,
three internal controls were added to each assay plate. The
means and inter-assay coefficients of variation determined
from 15 individual assays for the three internal controls were
2.7,2.4, and 1.8 pug/ml and 18, 20, and 24%, respectively.
Ligand Selectivity of CL-L1—CL-L1 binds to mannose-de-
rivatized TSK beads, and this binding could be inhibited by
EDTA (Fig. 4A) as expected for a C-type lectin. The binding
could be inhibited by mannose and glucose and also by L-fucose,
N-acetylglucosamine (GIlcNAc), and N-acetylmannosamine
(ManNACc) but not by galactose (Fig. 4, B and C). The carbohy-
drate concentrations needed to inhibit 30% of the maximal sig-
nal (I5,) for CL-L1 and MBL binding to mannose are given in
Table 1. For comparison, we also show the results obtained in

diluted 2-fold in TBS/Tw/EDTA or in TBS/Tw/Ca®" containing increasing con-
centrations of inhibitors, followed by incubation with mannose-derivatized
beads. Bound CL-L1 was eluted with 100 mm mannose and measured by
TRIFMA. Values obtained without added inhibitor were defined as 100%
bound CL-L1.
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FIGURE 5. Analysis of CL-L1 in serum and of recombinant CL-L1 by gel-
permeation chromatography. A, serum (100 ul) was passed through a
Superose 6 column in a calcium ion-containing buffer, and B, in an EDTA-
containing buffer. C, recombinant CL-L1 was fractionated in a calcium ion-
containing buffer. Fractions were analyzed for CL-L1 content. The protein
concentration is indicated as optical density at 280 nm. Arrows indicate the
elution volume of IgM (970 kDa), MBL (800 kDa), IgG (150 kDa), and HSA (67
kDa). Also indicated are the elution volumes of H- and L-ficolin. The experi-
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parallel for the inhibition of the binding of MBL to the man-
nose-TSK beads as estimated by the MBL TRIFMA described
previously (22).

Size of CL-L1 Estimated by Gel-permeation Chromatography—
Serum and recombinant CL-L1 were fractionated on a Super-
ose 6 HR column under nondissociating conditions in a calci-
um-containing buffer as well as in an EDTA-containing buffer.
Fractions were collected and analyzed for CL-L1 (in both cases
the CL-L1 assay was performed in the presence of EDTA as
described). The results are shown in Fig. 5. The elution profile
of CL-L1 upon fractionation of serum was similar in the pres-
ence and the absence of calcium. However, the front peak was
significantly more prominent with calcium in the running
buffer, and closer inspection revealed that the front peak shows
a shoulder indicating merged peaks, i.e. two components with
the later eluting one not being seen with EDTA in the run-
ning buffer (Fig. 5, A and B). Disregarding this unexplained
(but reproducible) observation, the first peak eluted corre-
sponding to an apparent mass of ~750 kDa. The smaller
peak eluted corresponding to an apparent mass of 250 kDa.
Our recombinant CL-L1 eluted in one peak at a position
corresponding to a mass of 200 kDa (Fig. 5C). In three exper-
iments, we found the area under the curve ~30% smaller
when fractionating serum in the presence of EDTA than
when fractionating in the presence of calcium ions. For rCL-
L1, we saw no difference between fractionation in the pres-
ence or absence of calcium ions.

CL-L1-MASP Complexes in Serum—We examined for com-
plexes between CL-L1 and MASPs in serum. Microtiter wells
were coated with pAb anti-CL-L1 187-10 antibody and, after
incubation with serum, developed with biotinylated anti-CCP1
antibody, i.e. antibody reacting with a common determinant of
MASP-1, MASP-3, and MAp44 (Fig. 6, A and B). Results from
catching with anti-CCP1 and developing with anti-CL-L1 con-
firmed the presence of MASP-CL-L1 complexes (Fig. 6, C and
D). When conducting the experiments at high salt concentra-
tion (1 M NaCl) together with EDTA in the sample incubation
buffer, the signal was abolished. Presumably, the results reflect
that dissociation of MASPs from the complexes required the
presence of both EDTA and high salt concentration as was pre-
viously shown for MBL-MASP complexes (23). No signal was
seen when coating with control rabbit IgG or mouse IgG and
developing with biotinylated anti-CL-L1 or anti-CCP1 anti-
body. In similar experiments using anti-MASP-2 instead of
anti-CCP1, we could not get a signal, possibly because the con-
centration of MASP-2 was 20 times lower than that of MASP-1,
MASP-3, and MAp44 together or because the affinity of our
anti-CCP-1 was higher than that of our anti-MASP-2 antibody,
and thus provided for a more sensitive assay. Alternatively,
CL-L1 was not associated with MASP-2. This corresponds to
previous findings for CL-K1 (11).

Stability of CL-L1—The stability of CL-L1 in EDTA plasma
and serum upon storage at different temperatures was assessed
(Fig. 7A). CL-L1 levels in plasma remained stable at room tem-
perature, 4 °C, and 37 °C during the first 5 days of incubation.

ment was repeated three times with similar results. mAU, milliabsorbance
unit.
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FIGURE 6. CL-L1-MASPs complexes in serum. Microtiter plates were coated with rabbit anti-CL-L1 (A and B) or anti-MASP antibody (mAb anti-CCP1) (C
and D). The wells were incubated with a dilution series of serum diluted in buffer with EDTA or the same buffer with NaCl added to 1 m, washed, and
developed with biotinylated anti-CL-L1 antibody in A and C, or anti-CCP1 antibody in B and D, followed by incubation with europium-labeled strepta-
vidin. Microtiter wells coated with normal rabbit or mouse IgG were used as specificity controls (backgrounds). The results indicate that CL-L1 is found
in serum in complex with either MASP-1, MASP-3, MAp44, or all three. The experiments were repeated with same results. Mean and S.D. for the

duplicates are given.

Past day 5, we observed a rapid degradation of CL-L1 in samples
stored at 37 °C, although at room temperature a less dramatic
degradation was seen. At day 5 at room temperature, we
observed a minor drop of 20% in measured CL-L1, and a more
substantial drop of 57% at day 54. At 37 °C, however, the deg-
radation was more rapid, with a 40% drop at day 5 and a 97%
decrease at day 54. Samples stored at 4 °C remained stable for
the entire period. Similar results were obtained for serum (data
not shown). Sodium azide was added to all samples before incu-
bations to prevent bacterial growth. To further assess the sta-
bility of CL-L1 in serum and plasma, we subjected samples to
repeated cycles of freezing and thawing. We initially collected
fresh EDTA plasma and serum from the same individual, and
we subjected samples to 10 cycles of freezing and thawing, fol-
lowed by measuring CL-L1 levels (Fig. 7B). CL-L1 was stable in
both EDTA plasma and serum throughout repeated freezing-
thawing cycles, with a mean variation of 3 and 9%, respectively,
as compared with samples not subjected to freezing and
thawing.

Levels of CL-L1 in Blood Donors—EDTA plasma from 210
blood donors were analyzed to determine normal variations in
CL-L1 concentration (Fig. 84). The median was 3.0 ug/ml and

AUGUST 9, 2013 «VOLUME 288+NUMBER 32

the mean was 3.1 ug/ml (S.D. 0.72 with a range from 1.6 ug/ml
to 5.5 ug/ml). The values of CL-L1 concentrations followed a
normal Gaussian distribution when log-transformed (Kolmo-
gorov-Smirnov normality test) (Fig. 8B). To evaluate the suit-
ability of either serum or EDTA plasma for the measurement of
CL-L1 concentration, we assayed 70 corresponding EDTA
plasma and serum samples (Fig. 8C). Although there was a good
correlation between measured CL-L1 in EDTA plasma and
serum from the same individual (Pearson R = 0.76, p < 0.0001),
we observed on average 17% higher values in EDTA plasma
samples (mean 2.9 ug/ml) compared with serum samples (2.4
pg/ml). To evaluate the most suitable samples to measure
CL-L1, we also compared CL-L1 levels in serum, EDTA plasma,
citrate plasma, and heparin plasma obtained from three healthy
individuals taken in sequence from the same person (Fig. 8D).
We generally observed comparable CL-L1 levels in serum
plasma and citrate plasma for each individual, but an 18 and
35% higher average level was seen in EDTA plasma and heparin
plasma, respectively, as compared with serum.

Variation of CL-L1 Levels Over Time—Intra-individual vari-
ation in CL-L1 levels was evaluated in EDTA plasma samples
from 10 apparently healthy individuals over a 1-year period
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FIGURE 7. Stability of CL-L1 in plasma. A, fresh plasma and serum were
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(room temperature (RT), 4 °C, and 37 °C) for various time periods after
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axis. The same results were seen with serum. The experiment was
repeated with same results. B, CL-L1 concentration was estimated after
repeated freezing and thawing cycles of serum, and EDTA plasma samples
were obtained from the same individual. The zero values are estimates
from freshly drawn plasma.

(Fig. 9). The same samples have previously been examined
for MASP-2 (24), MASP-3, and MAp44 (20) and MASP-1
levels (24). As depicted in Fig. 9B, we observed relatively
stable levels of CL-L1 over this time period. However, for a
few individuals we saw complex variations. A rise of 70% in
CL-L1 level was seen from one day to the next for one indi-
vidual (Fig. 94, individual 4). If CL-L1 indeed functions as a
PRM in innate immunity, then the fluctuations could possi-
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bly correlate with periods of infection, reflecting regulation
of CL-L1.

Ontogeny—Sequential blood samples were collected from
the umbilical cord at term, at 6, 9, and 12 months after birth
from 12 infants. Previously, the same samples have been exam-
ined for MBL (12), M-ficolin (19), MASP-3 and MAp44 (16),
and MASP-1 levels (24). The CL-L1 levels in the 12 serum sam-
ples are shown in Fig. 10. Basically, the levels were quite stable
throughout this 1st year of life, but in some infants an increase
of around 15% was seen from birth to 6 months of age, followed
by a decrease to the original level. On average, we observed a
10% variation of CL-L1 levels throughout the 1st year of life, as
compared with umbilical cord levels. Overall, we measured 26%
less in the infants as compared with adults (Fig. 84), with a
median and mean of 2.2 and 2.3 ug/ml, respectively over the 1st
year of birth.

Acute-phase Response—To investigate CL-L1 levels during
an acute-phase reaction, we tested sequential serum samples
obtained from six patients undergoing operation for colorectal
cancer. The same serum samples have previously been exam-
ined for both interleukin 6 (IL-6) and CRP as classical acute-
phase proteins and also for MBL, MASP-2 (13), M-ficolin (19),
MASP-3, MAp44 (16), and MASP-1 (24). The serum samples
were selected based upon three main criteria as follows: a low
pre-operation CRP level; a distinct post-operation rise in CRP,
and a drop to near base line in the last sample taken. The
response for both CL-L1 and CRP for the 6 patients is shown in
Fig. 11. In general, the variations seen after the operation were
not different from the variations seen in the samples taken over
time from healthy individuals (Fig. 9). For one individual, a
decrease within 1-2 days post-operation and then an increase
reaching a stable level around days 5-6 were seen. At 24 h
post-operation, we observed a 50% decrease, as compared with
samples taken before surgery, with a following increase to nor-
mal levels at day 5 (Fig. 11E). The initial decrease in CL-L1 level
was seen simultaneously with the rise in CRP. The data pre-
sented in this study do not suggest that CL-L1 behaves as a
classical acute-phase protein.

DISCUSSION

CL-L1, also known as collectin 10 or COLEC-10 (from the
gene assignation), was described as a C-type lectin some years
ago (6), but it has since escaped the attention of the scientific
community. Because the structure of CL-L1 indicates that the
protein may serve functions in the innate immune defense sim-
ilar to those of MBL and the ficolins (Fig. 14), we decided to try
to start remedying this omission.

We developed antibodies for CL-L1 and used these for the
construction of a quantitative assay, based on TRIFMA. The
antibodies were raised by peptide immunization and turned out
to depend upon an artificial conformation of the CRD, induced
by the removal of the complexed calcium ion, which is essential
for the ligand-binding capacity. Collectins are calcium-depen-
dent carbohydrate-binding PRMs, and the presence of calcium
is required for the CRD to be able to bind its ligand (Fig. 44). A
conformational change in the CRD is indicated when the cal-
cium ion is removed by chelation with EDTA (Fig. 3).
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Using antibody-coated microtiter wells for affinity purifica-
tion, we could demonstrate pull-out of CL-L1 from plasma, and
upon Western blotting, we found the presence of three differ-
ent covalently linked oligomeric forms of CL-L1, possibly rep-
resenting dimeric, tetrameric, and hexameric forms of the tri-
meric subunit. The transiently expressed CL-L1, however,
showed only one band corresponding to a single trimeric sub-
unit (Fig. 1C). Upon gel-permeation chromatography of serum,
we found CL-L1 eluting in two peaks at positions correspond-
ing to relative molecular masses of 700 — 800 and 200 -300 kDa,
respectively (Fig. 5). A distribution of the natural protein in
different oligomeric forms was reported also for the C-type lec-
tins as follows: MBL (25), CL-K1 (8), as well as for the other
complement-activating PRMs, the ficolins (25).

Using sandwich assay coating with antibody against CL-L1
and developing with anti-MASP antibody, we could demon-
strate the presence in serum of complexes between CL-L1 and
MASPI gene products, i.e. MASP-1, MASP-3, and/or MAp44.
The antibody used was directed against a common domain.
Unfortunately, our antibodies, selective for the individual

S
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components, were not sensitive enough to resolve which of
the components was associated. The same may be the case
for our anti-MASP-2 antibody. These results are thus com-
pletely parallel to those obtained for the collectin CL-K1 (11)
and cannot determine whether the CL-L1-MASP complexes
are capable of activating complement. We could not purify
CL-L1 from serum to resolve this question, and our recom-
binant CL-L1 did not show the oligomeric structure required
for functional activity.

The association of MASP-2 with MBL and ficolins has
been suggested to be a motif containing the sequence
PGKXGP (X = is L in MBL and A in the ficolins) in the
collagen-like region, where the K in the middle is essential
(26, 27). The corresponding sequence in CL-L1 is IGKTGP,
and we do not know if this motif will mediate binding of
MASP-2. With regard to the binding of MASP1/3, a more
relaxed motif may exists.

We were unsuccessful in purifying CL-L1 from serum to a
level required for quantification, and therefore we decided to
quantify rCL-L1 in the culture supernatant by using the abso-
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FIGURE 9. Intra-individual variation of CL-L1 over time. A, concentration of
CL-L1 was estimated in EDTA plasma samples obtained over a 1-year period
from 10 apparently healthy individuals. Measurements from two individuals
are depicted in each graph. B shows the collective variation of CL-L1 concen-
tration from all 10 individuals in percentage.
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FIGURE 10. Ontogeny of CL-L1. The concentrations of CL-L1 were measured
in sequential samples from 12 infants at term and during their 1st year of life
(6,9, and 12 months).

lute quantification approach (Fig. 2). We are convinced that we
were able to use this material for quantification of CL-L1 in
plasma because this material formed a parallel dilution curve in
the dynamic range of the assay (Fig. 3).

The CL-L1 levels in blood donors showed a median of 3.0
pg/ml (n = 210) with a low and high of 1.6 and 5.5 pg/ml,
respectively (Fig. 8). Measurements of CL-L1 levels over a
1-year period in 10 individuals revealed rather stable levels (Fig.
9), with the exception of two persons with up to a 70% increase
and a 50% decrease in one individual. Some of these fluctua-
tions may reflect periods of microbial challenge.

Measurements of CL-L1 in samples obtained during an
acute-phase period induced by major surgery showed a modest
down-regulation, coinciding with the CRP response, followed
by an increase to levels comparable with pre-operational sam-
ples (Fig. 11). Although some fluctuations are apparent during
incision, we do not suggest that CL-L1 in the future may be
considered a classical acute-phase protein. However, we do not
know if infections will have an impact on the CL-L1 levels.
Ontogeny studies (Fig. 10) suggest that CL-L1, like MBL, may
have a special role during the 1st year of life when other ele-
ments of the immune system are not fully developed or other-
wise deficient.

Wakamiya and co-workers (6) have previously made initial
characterizations of the lectin activity of isolated recombinant
CRD domains of CL-L1. In this study, we investigated the car-
bohydrate selectivity of whole CL-L1. Serum was incubated
with mannose-derivatized TSK beads and CL-L1 allowed to
bind. The mannose-bound CL-L1 was eluted and quantified
(Fig. 4). The binding to the mannose beads was inhibited by
mannose, glucose, L-fucose, GIcNAc, and ManNAc, but not
galactose, in agreement with the requirement for 3- and 4-C-
attached horizontal hydroxyl groups of the hexoses, as is the
case for other collectins (28). In contrast, Wakamiya and co-
workers (6, 29) found identical binding of labeled mannose,
galactose, and D-fucose and only marginal inhibition by EDTA.
The EPN amino acid motif in the CRD, which is the main deter-
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FIGURE 11. CL-L1 levels during an acute-phase response. CL-L1 concentrations were measured in six patients undergoing surgery for colorectal cancer.
Values at t = 0 represent levels in serum from blood drawn just prior to surgery. Each graph represents measurements from a single patient (A-F). The
previously determined variation in CRP concentrations in the same samples are also indicated.

minant for mannose-binding specificity, is present in both MBL
and in CL-L1, although in CL-L1 asparagine is substituted for
serine. The carbohydrate selectivity of CL-L1 was therefore
very similar to that of MBL. Because we also present evidence
for the association of the activating enzymes of the lectin path-
way (MASPs) (Fig. 6), one might speculate that CL-L1 could
substitute for MBL in case of MBL deficiency, although we do
not know if there might be differences in the recognition of
bacteria, viruses, or parasites.

This study establishes CL-L1 as a serum protein and fur-
nishes a number of results concerning the biology of CL-L1.
The new findings provide the basis for future studies on CL-L1
and point to possible associations between CL-L1 levels and
clinical features.
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