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 Review Article Open Access

L-ficolin is a serum lectin synthesized (as a ~37 kDa polypeptide) predominantly by the liver, and is one of the key molecules

of the innate immune system. It has an amino (N)-terminal cysteine-rich region, a middle stretch of a collagen-like sequence,

and a fibrinogen-like domain in the carboxy (C)-terminus. Three identical polypeptides form a structural (triple helical)

subunit, with the help of the collagen-like domain. Further oligomerization of this subunit results in different sized L-ficolin

molecules (from dimers to tetramers) in circulation. However, the tetrameric form (composed of 12 polypeptides) is the most

prevalent structure. The polypeptides in the structural subunit are cross-linked by disulphide bonds in the N-terminal region.

The fibrinogen-like domain forms a globular structure. The overall structure of oligomeric L-ficolin closely resembles

mannose-binding lectin (MBL). Similar to MBL, L-ficolin also acts as a pattern recognition receptor. It primarily recognizes

acetylated sugar residues on the cell  surface of  different  gram-positive and gram-negative bacteria,  viruses and other

pathogens.  There are two pathways by which L-ficolin may participate in a  host  defense response:  1)  It  activates the

complement  lectin  pathway,  via  MBL/ficolin  associated serine  proteases  (MASPs),  that  converges  with  the  classical

complement pathway at the level of complement C4, and 2) it may also act directly as an opsonin, enhancing phagocytosis by

binding to cell-surface receptors present on phagocytic cells. M-ficolin and H-ficolin are structurally similar to L-ficolin.

However, they differ in their tissue expression and binding affinities to pathogenic ligands.
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PROTEIN FUNCTION

L-ficolin,  originally discovered as  a  corticosteroid binding

protein (Edgar 1995) is recognized as an important player in

the lectin pathway of complement activation (Ali et al. 2012,

Kilpatrick and Chalmers 2012). The original finding of the

protein  was  due  to  the  binding  of  L-ficolin  to  cyanogen

bromide (CNBr)-activated Sepharose and was thus not due to

specific  binding  to  the  proteins  coupled  to  the  beads.  Its

oligomeric  structure  closely  resembles  that  of  other  two

ficolins (M-ficolin and H-ficolin), collectins such as MBL and

also that of the recognition molecule of the classical pathway,

C1q  (Garred  et  al.  2010).  L-ficolin  exhibits  a  ~37  kDa

polypeptide chain with an N-terminal cysteine rich region, a

collagenous domain, and a fibrinogen-like domain at the C-

terminus  (Matsushita  et  al.  1996,  Lu and Le  1998).  Three

polypeptide chains oligomerize through the collagenous region

to form the basic structural subunit, a triple helix. L-ficolin

circulates in serum as a tetramer of this structural subunit, thus

having 12 identical polypeptide chains (Hummeslshoj et al.

2007).

Complement activation: The fibrinogen-like domain binds to

l i g a n d s  s u c h  a s  a c e t y l a t e d  s u g a r  r e s i d u e s  ( N -

acetylglucosamine,  GlcNAc  and  N-acetylneuraminic  acid,

NeuNAc)  and  1,3  β-D  glycan  on  a  variety  of  pathogens

(Garlatti et al. 2007, Krarup et al. 2004, Ma et al. 2004) (see

'Interactions With Ligands and Other Proteins' section). The

triple  helix  formed by the collagenous regions is  bound to

serine proteases such as MASP-1 and MASP-2 (Gaboriaud et

al.  2007).  Upon binding to pathogen surfaces,  MASP-1 and

MASP-2  get  activated  (through  proteolysis),  which  in  turn

sequentially cleave complement proteins C4 and C2 (Héja et al.

2012a,  Héja  et  al.  2012b).  Thus,  the  lectin  pathway  of

complement gets activated leading to complement attack on

pathogens. Even though, L-ficolin is structurally similar to other

collectins,  it  has  unique  pathogenic  ligands  making  it  an

important player in host resistance against pathogens (Krarup et

al. 2005).

Opsonophagocytosis: C4 and C2 cleaved by activated L-ficolin-

MASP complex form C3-convertase (C4b2a). C3b generated by

action  of  C3-convertase  on  C3,  acts  as  an  opsonin  when

deposited on pathogen surfaces. L-ficolin can bind calreticulin

(CRT,cC1qR) (Lacroix et  al.  2009),  which may aid ficolin-

mediated  phagocytosis  of  pathogens  such  as  Salmonella

(Matsushita et al. 1996), group B streptococci (Aoyagi et al.

2005) and Pseudomonas aeruginosa (Zhang et al. 2009). Apart

from  phagocytosis  of  pathogens,  L-ficolin  can  also  aid  in

clearance of late apoptotic and necrotic host cells (Kuraya et al.

2005, Jensen et al. 2007).

Activation of coagulation system: Active MASP-1 and MASP-2

have been shown to act on coagulation proteins. MASP-1 has

thrombin-like  activity  while  MASP-2  has  been  shown  to

generate  thrombin  from  prothrombin  (Krarup  et  al.  2007,

Presanis et al. 2004). A more direct evidence of L-ficolin bound

MASP-1 and MASP-2 involvement in fibrin clot formation was

recently  shown  (Gulla  et  al.  2010,  Hess  et  al.  2012).

Importantly  such  activity  was  not  confirmed when specific

inhibition of MASP-1 was analyzed in plasma (Megyeri et al.

2013).

REGULATION OF ACTIVITY

The  activity  of  L-ficolin  can  be  primarily  regulated  at  the

following levels: serum concentration, efficacy of binding to

pathogens and during cleavage of MASP proteins (Skjoedt et al.

2010). Serum concentration of L-ficolin is weakly regulated by
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the  presence  of  polymorphisms  (see  'Regulation  of

Concentration' section). Binding to pathogens is also regulated

by polymorphisms (see 'Phenotypes' section), capsulation of

pathogens such as group B streptococci (Aoyagi et al. 2008,

Krarup et al.  2005) or by presence of adaptor proteins (see

'Interactions With Ligands and Other Proteins' section). Apart

from these factors, karilysin, a matrix metalloproteinase-like

enzyme  produced  by  periodontal  pathogen  Tannerella

forsythia,  cleaves  L-ficolin  along  with  other  complement

proteins, thereby inhibiting complement activation (Jusko et al.

2012).

INTERACTIONS

Twelve  polypeptide  chains  of  L-ficolin  (as  explained  in

'Protein Function' section) oligomerize to form a functional

complex. L-ficolin interacts with several host and pathogenic

factors:

L-ficolin-MASP Complex: Similar to M-ficolin and H-ficolin,

the tetrameric form of L-ficolin is in complex with different

MASP proteins via  its collagen region (Lacroix et al.  2009,

Gaboriaud et al. 2007), as listed below. All the MASP proteins

bound to L-ficolin are in homo-dimeric form (Gregory et al.

2004,  Teillet  et  al.  2008)  and the  binding is  dependent  on

physiological concentrations of calcium (Cseh et al.  2002).

MASP-1 and MASP-2 encoded by MASP1 and MASP2 genes

respectively,  are  serine  proteases  (Matsushita  et  al.  2000,

Matsushita and Fujita 1992, Thiel  et  al.  1997).  MASP-1 is

auto-activated,  when  in  complex  with  L-ficolin  bound  to

acetylated  sugar  residues  on  pathogen  surfaces.  Activated

MASP-1 cleaves and activates MASP-2 (Héja et al.  2012a,

Héja et al.  2012b, Degn et al.  2012). MASP-2 sequentially

activates  C4  and  C2  through  its  serine  protease  activity.

MASP-3 is a splice variant of MASP1 gene and binds to L-

ficolin (Dahl et al. 2001, Teillet et al. 2008). It has a serine

protease  domain,  but  has  no known physiological  relevant

substrates. In mice however, MASP-3 has been shown to be

important  in alternative pathway of complement activation

(Iwaki et al. 2011) whereas in humans the presence of MASP-

3  is  not  essential  for  the  alternative  pathway  (Degn  et  al.

2012). MASP-3 has been shown to compete with MASP-2 to

bind to MBL, resulting in down-regulation of lectin pathway

activation (Dahl et al. 2001). However, the physiological role

of  MASP-3  binding  to  L-ficolin  is  yet  to  be  determined.

MAp44, expressed mainly in the heart, is yet another splice

variant  of  MASP1  gene.  It  however does not  have a serine

protease  domain  and  is  found  in  complex  with  L-ficolin

(Skjoedt et al. 2011, Skjoedt et al. 2010, Degn et al. 2009).

sMAP (MAp19), a splice variant of MASP2 gene, also lacks a

serine  protease  domain  and  binds  to  L-ficolin  (Cseh  et  al.

2002, Gregory et al.  2004). Further, MAp44 and sMAP are

both  able  to  bind  to  the  parts  of  the  helix  formed  by  the

collagen-like regions of MBL and thus compete with MASP-2

for  binding  and  thereby  down-regulating  complement

activation (Degn et al. 2009, Iwaki et al. 2006). It is therefore

very likely that MAp44 and sMAP play a similar role in their

interaction with L-ficolin, but it is yet to be demonstrated.

Interactions  with  other  host  factors:  L-ficolin  can  bind  to

chaperones  such  as  calreticulin  and  to  other  recognition

molecules,  e.g.  C-reactive  protein  (CRP)  and  pentraxin-3

(PTX3),  and all  of  these  interactions  enhance complement

activation (Lacroix et al. 2009, Zhang et al. 2009, Ma et al.

2009)  and  thereby  increase  resistance  against  pathogens.

Binding  to  CRT  or  DNA  from  apoptotic  cells  also  aids

clearance of late apoptotic and necrotic cells (Kuraya et al.

2005, Jensen et al. 2007). However, L-ficolin can also bind to

artificially acetylated low-density lipoprotein (ac-LDL) and

activate the lectin pathway (Faro et  al.  2008).

Interactions with pathogens: L-ficolin via  its fibrinogen-like

domain binds to several pathogen surfaces, including 1,3β-D

glycan.  It  primarily recognizes acetylated sugar residues on

different gram-positive and gram-negative bacteria (Krarup et

al.  2004, Krarup et al.  2008), including GlcNAc residues on

Salmonella typhimurium (Taira et al. 2000) and Streptococcus

pneumoniae (Krarup et al. 2004). L-ficolin binds to NeuNAc

residues on capsulated forms of group B streptococci (GBS),

while  MBL  failed  to  bind  to  these  capsulated  pathogens

(Aoyagi et al. 2005, Aoyagi et al. 2008), implying an important

role for L-ficolin in clearance of capsulated pathogens. In fact,

L-ficolin  exclusively  bound  to  capsulated  forms  of

Staphylococcus aureus and Streptococci pneumoniae (Krarup et

al. 2005). Lipoteichoic acid (LTA), found on cell wall of gram-

positive bacteria,  can bind to  L-ficolin  (Lynch et  al.  2004).

Escherichia coli (Hummelshoj et al. 2012) and Mycobacterium

bovis BCG (Carroll et al. 2009) can bind to L-ficolin. Viruses,

such as hepatitis  C (HCV) and influenza A are bound to L-

ficolin. N-glycans of HCV envelope glycoproteins (Liu et al.

2009) and glycoproteins hemagglutinin and neuraminadase of

influenza A (Pan et al. 2012) are L-ficolin ligands. L-ficolin

also  binds  to  the  surfaces  of  Typanosoma  cruzi  (pathogen

causing Chagas disease) (Cestari et al. 2009, Cestari et al. 2010)

and Giardia intestinalis (Evans-Osses et al. 2010), and likely

aids in clearance of these pathogens.

CMAP, a complement database, documents the biochemical

methods used to identify these interactions (Yang et al. 2013).

PHENOTYPES

L-ficolin is produced by expression of ficolin-2 (FCN2) gene,

which is located on chromosome 9q34 and consists of eight

exons (Endo et al. 1996). A large number of single nucleotide

polymorphisms (SNPs)  are  found in  both  the  promoter  and

coding regions across varied ethnic groups (Herpers et al. 2006,

Hummelshoj  et  al.  2008).  The  most  common  SNPs  in

Caucasians occur at the following positions: -986, -602, -557, -

64, -4 in the promoter region and +2488, +6359, +6424 in the

exon region (Herpers et  al.  2006,  Hummelshoj  et  al.  2005).

While generally polymorphisms in the promoter and coding

regions  affect  serum  concentration  and  pathogen-binding

efficacy respectively, polymorphism at +6424 position (from

ATG site) is known to affect both serum levels and binding

efficacy (Munthe-Fog et al.  2007, Hummelshoj et al.  2005).

Several studies report association of lower serum levels of L-

ficolin (resulting from SNPs) with recurrent respiratory tract

infections (RTI) in children (Atkinson et al. 2004, Cedzynski et

al. 2009, Cedzynski et al. 2007) and also with pre-mature birth

and  lower  birth  weight  in  Polish  neonates  (Sweirzko  et  al.

2009).  However,  a  recent  study  has  shown no  associations

between  genotypes  and  lower  birth  weight  or  perinatal

infections (Kilpatrick et al. 2013). Lower serum levels are also

associated with schistosomiasis (Ouf et al. 2012), streptococcal

infection  (Messias-Reason  et  al.  2009)  and  bronchiectasis

(Kilpatrick  et  al.  2009),  chronic  Chagas  disease  (Luz et  al.

2013) and inversely correlated with hereditary angioedema due

to C1-inhibitor deficiency (HAE-C1-INH) (Csuka et al. 2013).

SNP causing  Thr236Met  substitution  at  the  fibrinogen-like

domain of L-ficolin, reduces substrate (pathogen) binding and

might contribute to staphylococcal peritonitis (Meijvis et al.

2011). This SNP also reduces binding to PTX3 and GlcNAc

residues on Aspergillus fumigatus surface (Ma et al. 2009). In
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contrast, SNPs known to cause low serum levels or decreased

binding  are  not  associated  with  pneumococcal  disease

(Chapman et al. 2007). Presence of Ala258Ser variant of L-

ficolin  in  the  donor  predicts  an  improved  renal  transplant

outcome,  which  may be  attributed  to  increased  binding  to

GlcNAc (Eikmans et  al.  2013).  Haplotypes which produce

normal levels of L-ficolin offer protection against leprosy (de

Messias-Reason et al. 2009) while certain ficolin-2 genotypes

are associated with leprosy in a specific Chinese population

(Zhang et al. 2013). Higher levels of L-ficolin due to AGACG

(at positions -986, -602, -4, +6359 and +6424) and AAAG (at

positions  -986,  -602,  -4,  and  +6424)  haplotypes  adversely

affect  patients  with leishmaniasis  and hepatitis  B infection

respectively (Assaf et al. 2012, Hoang et al. 2011). L-ficolin

can also adversely affect host tissue during nephropathy (Roos

et al. 2006).

MAJOR SITES OF EXPRESSION

L-ficolin is produced by the hepatocytes in liver (Matsushita et

al. 1996).

SPLICE VARIANTS

L-ficolin, located on chromosome 9q34 consists of eight exons

and has no known splice variants (Endo et al. 1996).

REGULATION OF CONCENTRATION

Serum levels of L-ficolin have been measured in a number of

studies involving a large number of subjects. These studies

report median values of L-ficolin in normal healthy individuals

to  be  4.13  μg/ml,  3.7  μg/ml,  3.3  μg/ml  and  3.0  μg/ml

respectively (Le et al. 1998, Kilpatrick et al. 1999, Krarup et

al. 2005, Gulla et al. 2006). Almost all of these studies used

ELISA for measurement (Taira et al. 2000). Age and gender

did not affect serum levels in adults (Kilpatrick et al. 1999).

However, cord blood samples show much lower levels, with a

median of 2.5 μg/ml (Le et al. 1998, Kilpatrick et al. 1999).

Sallenbach et al. (2011) reported the levels from various age

groups ranging from neonates (2.8 μg/ml), 1> yr (7.08 μg/ml),

1-4 yr  (11.3 μg/ml),  4-16 yr  (8.66 μg/ml)  and adults  (3.37

μg/ml).  Three polymorphisms in the promoter  region were

shown to affect serum levels by two-fold increase or decrease

(Munthe-Fog et  al.  2007,  Hummelshoj  et  al.  2005).  While

generally polymorphisms in exon regions have been attributed

to binding efficiency, one polymorphism in +6424 position

(from ATG start  site)  results  is  lower serum concentration

(Munthe-Fog et al. 2007). Serum levels of L-ficolin are known

to increase during acute phase of malaria (Faik et al. 2011).

Several  diseases  have  been  associated  with  lower  serum

concentration,  which  are  further  discussed  in  'phenotypes'

section.

ANTIBODIES

The following companies sell  antibodies against  human L-

ficolin:  Merck  Millipore,  Antibodies-online,  Novus

Biologicals, Thermo Fisher Scientific Inc., Abnova, Abcam,

Fitzgerald,  Aviva  Systems  Biology,  Biorbyt,  Enzo  Life

Sciences, Nova TeinBio, Abgent and Hycult Biotechnology.
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Table 1: Functional States

STATE DESCRIPTION LOCATION REFERENCES
L-FCN (native) extracellular region
L-FCN triple helix extracellular region Hummelshoj T et al. 2007

L-FCN dodecamer extracellular region Hummelshoj T et al. 2007

L-FCN/MASP-1 extracellular region Cseh S et al. 2002; Lacroix M et al. 2009

L-FCN/MASP-2 extracellular region Lacroix M et al. 2009; Cseh S et al. 2002

L-FCN-NeuNAc extracellular region Aoyagi Y et al. 2008

L-FCN-acetyl groups extracellular region Krarup A et al. 2004; Krarup A et al. 2008; Lacroix M et al. 2009

L-FCN-LTA extracellular region Lynch NJ et al. 2004

L-FCN/Hemagglutinin extracellular region Pan Q et al.

L-FCN/Neuraminidase extracellular region Pan Q et al.

L-FCN-GlcNAc extracellular region Krarup A et al. 2008; Krarup A et al. 2004; Taira S et al. 2000

L-FCN/MASP-1/MASP-2/sMAP extracellular region Lacroix M et al. 2009; Matsushita M et al. 2000; Cseh S et al. 2002

L-FCN/CRT extracellular region Lacroix M et al. 2009; Kuraya M et al.

L-FCN/MASP-3 extracellular region Dahl MR et al. 2001; Lacroix M et al. 2009

L-FCN/sMAP extracellular region Gregory LA et al. 2004; Lacroix M et al. 2009; Takahashi M et al. 1999;
Cseh S et al. 2002

L-FCN/MAp44 extracellular region Skjoedt MO et al. 2011; Skjoedt MO et al. 2010; Degn SE et al. 2009

L-FCN/PTX3 extracellular region Ma YJ et al. 2009

L-FCN/CRP extracellular region Zhang J et al. 2009

L-FCN/LDL-Ac extracellular region Faro J et al. 2008

L-FCN-DNA extracellular region Jensen ML et al. 2007

L-FCN/MASP-1/MASP-2 extracellular region Héja D et al. 2012; Héja D et al. 2012

L-FCN/MASP-1(active)/MASP-2 extracellular region Héja D et al. 2012

L-FCN/MASP-1(active)/MASP-
2(active)

extracellular region Héja D et al. 2012
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