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Zonulin is a physiologic epithelial and endothelial permeability modulator. Zonulin increases 

antigen trafficking from the gut lumen into the bloodstream and in between body compartments, 

mechanisms linked to many chronic inflammatory diseases. Upon its initial discovery, it was 

noted that zonulin was not a single protein, rather a family of structurally and functionally related 

proteins referred to as the zonulin family proteins (ZFPs). ZFPs are members of the mannose 

associated serine proteases (MASP) family and are the result of high mutation rates leading to 

many zonulin polymorphisms. Pre-haptoglobin 2, the precursor of haptoglobin 2, was identified as 

the first eukaryotic member of the ZFPs, and properdin, a key positive regulator of the alternative 

pathway, as a second member. In this study, we report two additional proteins that are likely 

ZFPs. Human coagulation factor X (FX) and CD5 antigen-like (CD5L). Both FX and CD5L 

recombinant proteins were detected by anti-zonulin antibody in Western immunoblot analysis, and 

both proteins decreased epithelial barrier competency of Caco-2 cell monolayers as established by 

the Trans Epithelial Electrical Resistance (TEER) assay. These results indicate that FX and CD5L 

have structural and functional similarities with previously identified ZFPs and, therefore, can be 

considered new members of this family of proteins.

Keywords

Zonulin; Pre-haptoglobin 2 (pre-HP2); Properdin; Zonulin family proteins (ZFPs); Coagulation 
factor X (FX); CD5 antigen-like (CD5L)

1. Introduction

Zonulin is a tight junction (TJ)-regulating protein that induces TJ disassembly and a 

subsequent increase in intestinal permeability [1]. TJ, the most apical junctional complex, 

are epithelial cell-cell junctions that regulate the flow of solutes through the paracellular 

pathway and maintains cell polarity [2]. They have an important function in regulating 

paracellular antigen (Ag) trafficking. Dysregulation of TJs causes mammalian epithelial 

sheet dysfunction and leads to various human diseases of the gastrointestinal tract, liver, 

vascular system and respiratory tract as well as facilitate viral infections [3, 4]. Zonulin 

is the only reversible intestinal permeability modulator identified so far [1, 5, 6]. Zonulin 

expression increases gut permeability and Ag trafficking in intestinal epithelium, which has 

been linked to many chronic inflammatory diseases (CIDs), metabolic disorders and cancer 

[6, 7].

Since its discovery, it was reported that zonulin was not a single protein, rather a 

family of structurally and functionally related proteins, now referred to as the zonulin 

family proteins (ZFPs) [5]. These proteins are derived from the complement-associated 

protein, mannose-binding lectin-associated serine protease (MASP), which have no protease 

function due to mutations in the catalytic domain leading to the acquisition of new 

functions such as the capability of modulating intercellular TJs [6]. The development of 

the ZFP is likely secondary to high mutation rates during evolution that led to frequent 

zonulin polymorphisms. [8]. The first discovered eukaryotic member of the ZFP was pre-

haptoglobin 2 (pre-HP2), the precursor of haptoglobin 2 for which previously no function 

had been described [9]. Properdin, a key positive regulator of the alternative pathway, was 
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reported as a second member of the ZFPs [10]. Multiple additional ZFPs are likely to exist. 

In the present study, we aimed at exploring new ZFPs, and we identified human coagulation 

factor X (FX) and CD5 antigen-like protein (CD5L) as two new potential members of this 

family based on their structural (spectrometry analysis, Western immunoblot analysis) and 

functional (by using transepithelial electrical resistance (TEER) assay) similarities to ZFPs.

2. Material and methods

2.1. Human Serum samples and Reagents

Human serum samples were collected and processed for phenotyping as previously 

described [11, 12]. HP consists of a ~ 45 kDa β-chain that is expressed in all HP 

phenotypes and two potential a-chains, a ~ 8.9 kDa α-1 chain and a ~ 16 kDa α-2 

chain [13]. The combination of the expression of these chains makes three human HP 

phenotypes, which are called HP1-1, 2-1 and 2-2, and only patients with the HP2-1 or 

HP2-2 express zonulin as pre-HP2 [13]. HP phenotypes were determined by western 

blot analysis using anti-HP antibody (#GW20080F, Sigma-Aldrich, Burlington, MA) as 

previously described [12]. All human serum samples were IgG and albumin depleted using 

the Pierce™ Albumin/IgG Removal Kit (#89875, Thermo Fisher Scientific, Waltham, MA) 

and then concentrated with the Amicon® Ultra 0.5 mL Centrifugal Filters (#UFC505024, 

Merck Millipore, Burlington, MA). Briefly, 30 uL of each human serum sample was 

loaded to this albumin and IgG removal kit and 150 uL of albumin and IgG depleted 

serum samples were obtained. Then, each 150 uL of albumin and IgG depleted serum 

sample was loaded to unto the protein concentrator and approximately 20 uL of protein 

concentrated sample was obtained. Recombinant human coagulation factor Xa protein 

(FXa) (#1063-SE-010), recombinant human CD5L protein (CD5L) (#2797-CL-050) and 

recombinant human properdin protein (#8216-PR-050) were purchased from Bio-Techne 

Corporation (Minneapolis, MN). Recombinant human FX was not commercially available 

and therefore recombinant human Factor Xa was used as a proxy. Recombinant human 

zonulin protein (NP_005134 C-His tag) was synthesized by GenScript (Piscataway, NJ). 

The prototype of zonulin member is pre-HP2 [9], and this recombinant zonulin refers to 

recombinant pre-HP2.

2.2. Western immunoblot analysis

Human serum samples phenotyped as HP1-1 and 2-2, and recombinant proteins (zonulin, 

properdin, FXa and CD5L) were analyzed by Western blot. 10 μL aliquots of albumin/IgG 

depleted and concentrated human serum samples and 0.25μg, 0.5μg, 1μg or 2μg aliquots of 

the recombinant proteins were mixed with a sample buffer containing beta-mercaptoethanol 

and sodium dodecyl sulfate (SDS). SDS was diluted from 4X to 2X wiht distilled water 

(dH2O). Samples were then denatured at 99 °C for 5 min, loaded into 4 -20 % tris-glycine 

gels with LI-COR Chameleon Duo ladder and run at 80 volts for 90 minutes. Gels were 

then transferred onto PVDF membranes and rinsed with dH2O. The PVDF membranes 

were blocked with 5% non-fat milk in Tris buffered saline (TBS), and incubated overnight 

at 4 C with primary antibody diluted in TBS-Tween 0.1% (TBST). The membranes were 

then washed with TBST three times and incubated for 1h at room temperature with a 

secondary antibody (1:20000) that was diluted in TBST + 0.02% SDS. Western blot signal 
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was visualized in the 680 and 800 channels by using the Bio-Rad ChemiDoc MP Imaging 

system (Bio-Rad, Hercules, CA). In this western blot analysis, we used the polyclonal 

anti-coagulation factor X antibody from rabbit (1:1000) (MBS821249, MyBioSource, 

San Diego, CA), polyclonal anti-CD5L antibody from rabbit (1:1000) (MBS1496603, 

MyBioSource, San Diego, CA) and polyclonal anti-zonulin antibody from goat (1:1000) 

(KBMO Diagnostics, Hopedale, MA) as primary antibodies. The prototype of zonulin 

member is pre-HP2 [9], and this anti-zonulin antibody is the same as anti-pre-HP2 antibody. 

For secondary antibodies, we used IRDye 800CW Donkey anti-Rabbit IgG Secondary 

Antibody (LICOR Biosciences, Lincoln, NE) and IRDye 680RD Donkey anti-Goat IgG 

Secondary Antibody (LICOR Biosciences, Lincoln, NE).

2.3. Mass Spectrometry

For mass spectrometry analysis of human serum samples Western immunoblot procedure 

was performed as previously described except for possible modification as noted below. 

Following gel electrophoresis, the gel was stained with Coomassie Blue (#24594, Thermo 

Fisher Scientific, Waltham, MA). Gel bands with a molecular weight of approximately 

50 kDa identified by anti-HP antibody (#GW20080F, Sigma-Aldrich, Burlington, MA), 

excised and sent to Mass Spectrometry Core Facility (Taplin Mass Spectrometry Facility at 

Harvard Medical School). We reviewed peptide and protein data detected from each band 

focusing on proteins with similar molecular weight as previously identified ZFPs (~50 kDa), 

overlapping motifs and possible members of the MASP family. We used UniProt (https://

www.uniprot.org/) and MOTIF search (https://www.genome.jp/tools/motif/) for structural 

characterization.

2.4. Cell line culture

Human Caco-2 intestinal epithelial cells (HTB-37™, American Type Culture Collection 

(ATCC), Manassas, VA) were maintained in Dulbecco's Modified Eagle Medium (DMEM, 

high glucose, pyruvate, Gibco™, Thermo Fisher Scientific, Waltham, MA) supplemented 

with 10% fetal bovine serum (FBS, Sigma-Aldrich, St. Louis, MO). The medium contained 

100U/ml of penicillin (Gibco™, Thermo Fisher Scientific, Waltham, MA). Cells were plated 

on 150cm2 cell culture flask (Corning, Lowell, MA) and incubated in a humidified 5% 

CO2 incubator at 37 °C. Monolayers were grown on 1.12 cm2 permeable polycarbonate 

membrane with 0.4 um pore size (Corning, Lowell, MA) until they reached a confluent state.

2.5. Measurement of TEER

Transepithelial electric cell resistance (TEER) was measured to monitor and analyze the 

epithelial barrier function of Caco-2 epithelial monolayers by using the Epithelial Volt/Ohm 

Meter EVOM2 and Chopstick Electrode for EVOM2 (World Precision Instruments, 

Sarasota, FL). Caco-2 monolayers with TEER values of approximately 1000 Ω.cm2 were 

considered to have an appropriate barrier function and were treated with 5 μg/mL of 

recombinant zonulin (rZonulin), recombinant properdin (rProperdin), recombinant FXa 

(rFXa) or recombinant CD5L (rCD5L).
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2.6. ELISA measurements

Zonulin ELISA was done by using the zonulin ELISA kit from Immundiagnostik, Inc. 

(#KR5601, Manchester, NH) and per manufacturer’s protocol. 10 μg/mL of recombinant 

zonulin (rZonulin), recombinant properdin (rProperdin), rFXa, and rCD5L were used for 

the assay. Each recombinant protein was pre-incubated at different temperatures (4°C, 37°C, 

65°C) and then tested with the ELISA assay.

2.7. Data analysis

Each set of results shown is representative of at least three separate experiments. Results 

are given as means ± SEM. Statistical analysis was tested by one-way analysis of variance 

(ANOVA) with the Tukey-Kramer method. Statistical significance was set at *p < 0.05.

3. Results

3.1. Identification of FX and CD5L as potential zonulin family proteins by mass 
spectrometry analysis

Mass spectrometry analysis on human sera was performed to identify potential new 

members of ZFPs. HP1-1 (lane 1), HP2-1 (lane 2) and HP2-2 (lane 3) human serum samples 

were loaded unto the gel for comparison (Figure 1A). The 50 kDa gel band of each human 

serum sample identified by the anti-HP antibody was excised and sent for mass spectrometry 

analysis (Figure 1B). A total of 1,485 peptides and 112 proteins, 1,404 peptides and 

130 proteins, and 1,339 peptides and 118 were detected from the HP1-1, HP2-1, and 

HP2-2 human serum samples, respectively (Table 1). We selected for proteins with similar 

molecular weight, motifs in common with zonulin, and an evolutionary relationship to 

MASPs. Based on these selection criteria, we identified FX and CD5L in all three phenotype 

(HP1-1, HP2-1 and HP2-2) serum samples as ZFP candidates.

FX, which has a MW of 54.7 kDa, has a trypsin motif in common with haptoglobin 

(Table 2), an epidermal growth factor (EGF) motif in common with pre-HP-2 [6], and 

as a complement-activating protein, it has an evolutionary relationship with MASPs [14]. 

Similarly, zonulin has been reported to activate the complement system via lectin and the 

classical pathways [15]. The sequence of CD5L, which belongs to the scavenger receptor 

cysteine-rich (SRCR) family of proteins, contains SRCR domains (Table 2), which consists 

of Factor I, a protein with similar functions to MASPs [16, 17]. CD5L also has serine-type 

endopeptidase activity [18].

3.2. FXa and CD5L were recognized by anti-zonulin antibody

To investigate whether FX and CD5L had overlapping peptide motifs with zonulin, we 

performed Western immunoblot analysis. rFXa and rCD5L were used as target proteins 

and rZonulin and rProperdin, previously identified members of the ZFPs [10], as controls. 

The anti-zonulin antibodies recognized all recombinant proteins (Figure 2A). The signal of 

rZonulin and rProperdin with anti-zonulin antibody was ~ 50 kDa (Figure 2A). The signal 

of rFXa with anti-zonulin antibody was ~30 kDa, and that of rCD5L was ~38 kDa (Figure 

2A). We also examined whether FX and CD5L were identified in human samples using 

anti-FX antibody and anti-CD5L antibody and whether there was cross-reactivity between 
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anti-FX, anti-CD5L and anti-zonulin antibodies. The signal for the anti-FX antibody and 

zonulin cross-reactivity in both HP1-1 and HP2-2 phenotype human sera was at ~38 kDa 

(Supplemental figure 1). The signal for the anti-CD5L antibody and zonulin cross-reactivity 

in both HP1-1 and HP2-2 phenotype human sera was between 30 and 38 kDa (Supplemental 

figure 2).

3.3. Zonulin and Properdin were recognized by anti-FX or anti-CD5L antibodies

We also examined whether zonulin and properdin were recognized by anti-FX and anti-

CD5L antibodies by Western immunoblot analysis. The signal of rZonulin and rProperdin 

with anti-FX antibody was ~50 kDa, and the signals of rFXa were at ~30 kDa and ~15 

kDa (Figure 2B). The signal of rCD5L by anti-FX antibody was also confirmed at ~38 kDa 

(Figure 2B). The signal of rZonulin and rProperdin with anti-CD5L antibody was ~50 kDa, 

and the signal of rCD5L was at ~38 kDa (Figure 2C). The signal of rFXa by anti-CD5L 

antibody was also confirmed at ~30 kDa (Figure 2B).

3.4. Zonulin, Properdin, FXa and CD5L were under-estimated by commercial zonulin 
ELISA kit

We performed zonulin ELISA by using a commercially available kit (Immunodiagnostik, 

Germany) to check the detection of these two new putative members of the ZFPs. Of note, 

neither pre-HP2 nor properdin are detected by this ELISA, even though the kits antibody 

can identify both by Western immunoblot [10]. Similarly, this ELISA under-estimated the 

loaded concentration of rFXa and rCD5L (10 μg/mL). To establish whether the tertiary 

conformation of these two proteins could affect their detection by the ELISA assay, each 

recombinant protein was pre-incubated at different temperatures (4°C, 37°C, 65°C) and then 

tested with the ELISA assay. Despite these treatments, the concentrations of all recombinant 

proteins continued to be under-estimated by the ELISA, and there was no statistical 

difference between different temperatures in all recombinant proteins (Supplemental figure 

3).

3.5. rFXa and rCD5L decreased epithelial barrier competency

To investigate whether FXa and CD5L have a biological effect on epithelial barrier function, 

we performed the TEER measurement assay using Caco-2 cell culture monolayers. The 

Caco-2 monolayers were either untreated (negative control) or apically treated with positive 

controls (rZonulin or rProperdin), rFXa, or rCD5L, and the TEER was recorded up to 8h 

after the start of treatment as denoted in Figure 3. TEER decreased by 15% with 5 μg/mL 

of rZonulin from baseline to 2 hours after treatment as compared to control, and then began 

to recover (Figure 3). TEER was decreased within 10% with 5 μg/mL of rProperdin from 

initial treatment to 2 hours after treatment as compared to control, and then began to recover, 

(Figure 3). Compared to the positive controls, rFXa and rCD5L showed comparable TEER 

drops and it was also similar to the previously reported for pre-HP2 [6, 9]. Specifically, 

TEER decreased by 15% with 5 μg/mL of rFXa from baseline to 3 hours after treatment as 

compared to control, and then began to recover (Figure 3). TEER was decreased by 15% 

with 5 μg/mL of rCD5L from initial treatment to 2 hours after treatment as compared to 

control, and then began to recover (Figure 3).
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4. Discussion

Zonulin is a reversible regulator of intercellular TJs in human health and disease [19]. TJ 

are the most apical junctional complexes of the paracellular pathway thereby separating the 

apical and basolateral cellular compartments by forming the epithelial barrier [2]. They 

regulate paracellular Ag trafficking and are dynamic structures that operate in several 

important functions of the human epithelium under both physiological and pathological 

circumstances including in the human intestine [3, 4]. Chronic inflammatory diseases 

including autoimmune [7, 20], metabolic [21], gastrointestinal [22, 23] and neurologic 

disorders [24] have been associated with epithelial barrier disruption and Ag trafficking 

secondary to zonulin. Zonulin is a family of related proteins [6, 7, 19] that evolved from 

complement-associated proteins (MASP). These proteins lost their protease function due to 

mutations in the catalytic domain which leads to the acquisition of new functions, such as 

regulating intercellular TJs [6]. It is considered that the frequent zonulin polymorphisms 

secondary to high mutation rates during evolution led to the development of the ZFP [7]. 

The first identified member of the ZFP was pre-HP2, the precursor protein to HP, which is 

a complement-associated protein [9]. The second member was properdin, a regulator of the 

alternative pathway by significantly increasing the half-life of the complement component 

3 (C3) and 5 (C5) convertases and also a member of MASP family [10]. Other members 

of the MASP family include a series of plasminogen-related growth factors, such as EGF, 

and hepatocyte growth factor (HGF), involved in cell growth, proliferation, differentiation 

and migration, and disruption of intercellular junctions [15]. In this context, it is likely 

that other MASP members are also ZFP members with additional functions that affect the 

epithelial barrier. Therefore, this study aimed at identifying additional ZFP members using 

mass spectrometry, and western blot and TEER assays to confirm overlapping structural 

components and function. As a result, we identified FX and CD5L as new ZFP candidates.

FX is a vitamin-K dependent serine protease zymogen that is activated in the first common 

step of the intrinsic and extrinsic pathways of blood coagulation. FXa, the activated form 

of FX, is an active serine protease and has high homology to the trypsin family of serine 

proteases [25]. Fxa is involved in propagation of the coagulant response and cell signaling 

pathways linked with the inflammatory response [26]. This signaling function of FXa is 

mediated through protease activated receptor (PAR) cleavage and PAR2 activation occurs 

in extravascular environments specifically by macrophage synthesized FX [27]. Zonulin 

regulates intestinal permeability through direct activation of EGF receptor (EGFR) or PAR2 

mediated EGFR transactivation [6]. Using MOTIF search, (https://www.genome.jp/tools/

motif/), HP and FX have the protein motifs of trypsin and domains of unknown function 

(DUF) 1986 in common (Table 2). According to the UniProt (https://www.uniprot.org/) 

[28], which is a freely accessible database of protein sequences annotated with functional 

information, DUF1986 is one of the DUF members, and it was found in serine proteases 

and is predicted to contain disulphide bonds. From the above, it is conceivable that FX has 

some connection with zonulin/pre-HP2 in terms of cell signaling and molecular function. 

In our experiments, we confirmed the structural similarity of FXa with zonulin by Western 

immunoblot. We also confirmed functional similarity as FXa decreased epithelial barrier 

function of Caco-2 epithelial cell cultures.
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CD5L is a macrophage-secreted protein, originally named Sp alpha [29]. It belongs to the 

SRCR family of proteins, and has SRCR domains 1, 2 and 3 [17, 30]. The SRCR domain 

consists of 90 – 110 residues containing 6 – 8 cysteines with a well-conserved disulfide 

bond pattern [30, 31], and SRCR domains are present in over 30 different secreted and/or 

membrane anchored proteins. Although the genes that encode SRCR domain-containing 

proteins are easy to predict from genome sequences, these proteins are difficult to classify in 

a particular family of proteins [32]. Factor I is a major regulator of complement activation, 

and FI can degrade activated C3b and C4b in the presence of its cofactors and dismantle 

C3b convertase of all pathways. FI has five domains one of which is SRCR [16], and 

FI has also been reported to have similar function as an enzyme with MASP-3. This is 

pertinent as homology in the evolution of immune reactions between SRCR and MASP 

have been reported and they are considered to have some overlapping functions [16, 33]. 

Like CD5L’s function within the complement system, properdin causes production of 

chemotactic anaphylatoxin C3a and C5a with subsequent formation of immune complexes 

that leads to the increase of endothelial permeability [34], and pre-HP2 also causes 

the increase of vascular permeability by generation of C3a and C5a in several tissues, 

including lung [15]. Moreover, according to the GO (Gene Ontology) Annotations, which 

are statements about the function of a particular gene and created by associating a gene or 

gene product, of UniProt (https://www.uniprot.org/) [18, 28], it is considered that CD5L has 

serine-type endopeptidase activity. Hence, CD5L was considered a potential ZFP member. 

In this study, we confirmed the structural similarity of CD5L with zonulin by western blot. 

We also confirmed CD5L decreased epithelial barrier function of Caco-2 epithelial, and this 

indicated that CD5L has functional similarity with zonulin.

These findings and the similarities in structure and function suggest that FX and CD5L 

are new ZFP members. However, recombinant FX and CD5L were not recognized by 

commercial zonulin ELISA, as is the case with pre-HP2 and properdin. One conceivable 

explanation of these results is that zonulin, properdin, FX and CD5L are not the main targets 

detected by this ELISA. Considering that the signal could be detected by this ELISA kit in 

human serum sample [10] and that the anti-zonulin Ab of this kit recognize pre-HP2 and 

properdin, it is also possible that tertiary and quaternary (multimers) structure arrangements 

present in sera samples but not in recombinant proteins are necessary to properly detect any 

ZFP member by this ELISA.

In conclusion, our research contributes to the growing family of zonulin proteins. Additional 

proteins are likely to be identified, we thereby propose a new nomenclature for ZFP 

members as follows, pre-HP2: Zonulin-A, Properdin: Zonulin-B, FX: Zonulin-C, and CD5L: 

Zonulin-D. The role of these new ZFPs in human disease related to gastrointestinal epithelial 

barrier dysfunction must be further examined.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

- Zonulin is not a single protein, rather a family of structurally and functionally related 

proteins, now referred to as the zonulin family proteins (ZFPs).

- Human coagulation factor X (FX) and CD 5 antigen-like (CD5L) were identified as 

new members of ZFPs based on evolutionary links, similar protein structure by Mass 

spectrometry and Western Blotting analysis and function by Trans Epithelial Electrical 

Resistance (TEER) changes, so structurally and functionally resembling pre-HP2 and 

properdin, the two other ZFPs identified so far.

- Additional ZFPs are likely to be identified, therefore we propose the following new 

nomenclature for ZFPs: pre-HP2: Zonulin-A, Properdin: Zonulin-B, FX: Zonulin-C, and 

CD5L: Zonulin-D.
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Figure 1. Gel bands for mass spectrometry analysis.
(A) The western blot image using anti-HP antibody for mass spectrometry. The gel was 

run to focus on bands with a molecular weight (MW) greater than 30 kDa since the target 

protein, zonulin as pre-HP2, has a MW ~50 kDa. Lane 1: HP1-1 human serum, Lane 2: 

HP2-1 human serum, Lane 3: HP2-2 human serum. (B) Image of the gel sent for mass 

spectrometry analysis with the excised bands. HP:haptoglobin
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Figure 2. Western blot images of human zonulin, properdin, FXa and CD5L recombinant 
proteins.
(A) Fluorescence western blot image of human recombinant proteins with goat polyclonal 

anti-zonulin antibody. Inverted image of 680 channel. Bands for all recombinant proteins 

were identified with the anti-zonulin antibody. (B) Fluorescence western blot image of 

human recombinant proteins with the rabbit polyclonal anti-FX antibody. Inverted image of 

800 channel. Bands for all recombinant proteins were identified with the anti-FX antibody. 

(C) Fluorescence western blot image of human recombinant proteins with rabbit polyclonal 

anti-CD5L antibody. Inverted image of 800 channel. Bands for all recombinant proteins 

were identified with the anti-CD5L antibody. FX: Factor X; FXa: Factor Xa; CD5L:CD5-

like
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Figure 3. The TEER (% of initial value) of Caco-2 monolayer with human recombinants.
Transepithelial electrical resistance (TEER) in Caco-2 control cells or treated with 5 μg/mL 

of recombinant zonulin, properdin, FXa or CD5L for 8 h. TEER values were reported in 

terms of percentage with respect to the initial value. There was a decrease in the TEER % 

initial value of the monolayer treated with each recombinant compared to control. * Control 

vs. 5 μg/mL of zonulin-treated cells. # Control vs. 5 μg/mL of properdin-treated cells. $ 

Control vs. 5 μg/mL of FXa-treated cells. + Control vs. 5 μg/mL of CD5L-treated cells (*: p 

< 0.05, #: p < 0.05, $: p < 0.05, +: p < 0.05). FX: Factor X; FXa: Factor Xa; CD5L:CD5-like 

antigen
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Table 1.

The number of peptides and proteins detected by mass spectrometry analysis from each band.

Band 1 Band 2 Band 3

Total peptides 1485 1404 1339

Total proteins 112 130 118
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Table 2.

Protein motifs of Haptoglobin, Properdin, FX and CD5L.

Haptoglobin

Properdin

FX (Human coagulation factor X)

CD5L (CD5 antigen-like)

*
Motif images were created by MOTIF Search, https://www.genome.jp/tools/motif/
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