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Abstract: CA-125 (coelomic epithelium-related antigen) forms the extracellular 
portion of transmembrane mucin 16 (MUC16). It is shed after proteolytic 
degradation. Due to structural heterogeneity, CA-125 ligand capacity and 
biological roles are not yet understood. In this study, we assessed CA-125 as  
a ligand for dendritic cell-specific ICAM-3-grabbing non-integrin (DC-SIGN), 
which is a C-type lectin showing specificity for mannosylated and fucosylated 
structures. It plays a role as a pattern recognition molecule for viral and bacterial 
glycans or as an adhesion receptor. We probed a human DC-SIGN-Fc chimera 
with CA-125 of fetal or cancer origin using solid- or fluid-phase binding and 
inhibition assays. The results showed that DC-SIGN binds to CA-125 of fetal 
origin and that this interaction is carbohydrate-dependent. By contrast, cancer-
derived CA-125 displayed negligible binding. Inhibition assays indicated 
differences in the potency of CA-125 to interfere with DC-SIGN binding to 
pathogen-related glycoconjugates, such as mannan and Helicobacter pylori 
antigens. The differences in ligand properties between CA-125 of fetal and 
cancer origin may be due to specificities of glycosylation. This might influence 
various functions of dendritic cells based on their subset diversity and 
maturation-related functional capacity. 
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INTRODUCTION 
 

Coelomic-epithelium related antigen (CA-125) forms the extracellular portion of 
transmembrane mucin 16 (MUC16) and it is shed after proteolytic degradation. 
It is primarily expressed in embryonic tissues but also in some adult tissues, 
under both normal physiological and pathological conditions [1, 2]. There is  
a rise in the serum CA-125 level during the first trimester of pregnancy, but not 
during the second or third [3]. A significantly higher increase is found in 
subjects with ovarian cancer. Owing to this, CA-125 is widely used as a tumor 
marker and the available literature mostly focuses on various aspects of its 
diagnostic application [2].  
The role of MUC16/CA-125 in the mucin-mediated pathways during the initial 
stages of pregnancy has not been thoroughly investigated. Generally, the 
regulation of mucin expression during the first trimester is necessary for 
successful implantation, tissue remodeling, and fetomaternal tolerance [4, 5]. It 
has been shown that MUC16 can act as a barrier to trophoblast adherence, i.e., 
that its removal during uterodome formation facilitates adhesion of the 
trophoblast [6]. In addition, based on the hypothesis that the human fetus is 
protected during development by a system of soluble and cell surface-associated 
glycoconjugates that utilize their carbohydrate sequences as functional groups, 
CA-125 was proposed to be part of the human fetoembryonic defense system 
(hu-FEDS) [7, 8]. 
Molecular function is highly contextual, so identifying binding partners is an 
important part of the strategy for assigning a biological role to CA-125. Several 
kinds of molecule have been reported to react with MUC16/CA-125 in both cell-
based and solid-phase assays. Distinct types of human lectin with different 
specificities and binding requirements were demonstrated to recognize CA-125. 
The siglecs (sialic-acid Ig-like lectins), which are a subgroup of I-type lectins, 
and the galectins (beta-galactoside-binding lectins) were found to interact with 
MUC16 [9–12]. Specifically, siglec-9 was identified as a ligand for MUC16 on 
human NK cells, B cells, and monocytes [11]. Galectin-1 (gal-1) and galectin-3 
(gal-3) were shown to be receptors for MUC16 on membrane-associated 
fragments of HeLa cell lysates and on the ocular epithelial cell surface [9, 10].  
In addition, MUC16 expressed by metastatic pancreatic cancer cells was 
identified as a ligand for E- and L-selectin [13]. MUC16/CA-125 interactions 
with lectins are conferred by the specific glycan structures and depend on sialic 
acid, i.e., on the type and level of sialylation, and on lactosamine structures  
[11, 12, 14, 15]. In addition, recognition of high mannose glycans or blood type 
group Lewisx antigen (Lex) or Lewisy antigen (Ley) on the CA-125 moiety is 
seen as a possibility, but experimental data are still lacking [16].  
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Dendritic cell-specific ICAM-3-grabbing non-integrin (DC-SIGN; CD209) is  
a C-type lectin that shares common specificity for mannosylated and fucosylated 
glycan structures. It has a dual role in the immune system, acting as a pattern 
recognition molecule for viral and bacterial glycans and as an adhesion receptor 
[17–20].  
CA-125 might be of vital importance as a ligand for DC-SIGN. The possible 
involvement of CA-125 as a factor influencing the vertical transmission of 
various viruses can be considered in terms of data obtained for MUC6 in seminal 
plasma and MUC1 in breast milk, where binding to DC-SIGN leads to the 
inhibition of virus transfer to T cells [21, 22]. On the other hand, the presumed 
interactions of DC-SIGN with CA-125 as a glycosylated ligand may be directly 
or indirectly related to the ability of mucins to suppress alloreactivity at the 
maternal–fetal interface [5, 23]. The same holds true for the putative role of  
CA-125 in supporting anti-inflammatory and tolerogenic immune responses 
towards tumor cells. 
In this study, we addressed the issue of CA-125 as a ligand for DC-SIGN, with 
the aim of gaining insight into the accessibility and capacity of its relevant 
glycoepitopes to bind to DC-SIGN or to interfere with its interaction with 
selected pathogen-derived glycans. Previously characterized CA-125 of fetal 
origin was probed with DC-SIGN in solid-phase binding and inhibition assays 
and compared to cancer-derived antigens. 
 
MATERIALS AND METHODS 
 

Recombinant human DC-SIGN/CD209-Fc chimera, consisting of the 
extracellular portion of DC-SIGN (amino acid residues 62–404) fused at the 
COOH terminus to a human IgG1-Fc fragment (DC-SIGN-Fc) was purchased 
from R&D Systems. The biotinylated plant lectins Lotus tetragonolobus lectin 
(LTL) and concanavalin A (ConA), biotinylated goat anti-mouse IgM antibody 
(affinity purified, specific for the Mµ chain), and the Elite Vectastain ABC Kit 
were obtained from Vector Laboratories. Mouse monoclonal anti-human Lewisx 
and Lewisy antibodies, class IgM, were obtained from Calbiochem (Merck 
KgaA). Helicobacter pylori antigen-coated plates were purchased from 
HUMAN GmbH. Protein A-HRPO conjugate was supplied by INEP. Mannan, 
fucose and bovine serum albumin (BSA) were purchased from Sigma-Aldrich. 
MaxiSorp microwell plates with 96 star shaped bottom wells were supplied by 
Nunc. 
CA-125 isolated from the OVCAR-3 ovarian carcinoma cell line (clCA-125) 
was obtained from RayBiotech, Inc. The clCA-125 concentration was 76267 
IU/ml, and had < 1% CA19-9 and < 1% CA15-3. CA-125 isolated from human 
adenocarcinoma (acCA-125) was from HyTest LTD. The acCA-125 
concentration was 1000 kIU/ml and there was < 5% CA19-9 and CA15-3.  
CA-125 was also isolated from first trimester human placental extract (originally 
termed pregnancy-associated CA-125 or pCA-125) and human amniotic fluid 
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(afCA-125) as previously described, under the supervision and approval of the 
local ethical committee [24, 25]. The concentration of pCA-125 was 2500 IU/ml 
(CIS Biointernational, ELSA CA-125 II assay), and it contained < 0.2% CA19-9 
(CIS Biointernational, ELSA CA19-9) and < 0.01% CA15-3 (MUC1) (CIS 
Biointernational, ELSA CA15-3). The afCA-125 concentration was 800 IU/ml 
(CIS Biointernational, ELSA CA-125 II assay), with < 0.2% CA19–9 and  
< 0.2% CA15-3. All of the other chemicals were of reagent grade. 
 

Detection of Lex and Ley on CA-125 
CA-125 (7-5000 IU/ml; 50 μl/well) was immobilized on microwell plates in 
0.05 M carbonate buffer (pH 9.5) for 18 h at 4ºC. The wells were rinsed three 
times with 300 μl 0.05 M PBS (pH 7.2) and, after blocking (1% BSA) and 
washing steps, mouse monoclonal anti-Lex or anti-Ley IgM antibody (dilution 
1:500; 50 μl/well) was added. Incubation proceeded for 3 h at room temperature 
and, after the washing steps, bound antibody was detected using biotinylated 
goat anti-mouse IgM antibodies (0.5 μg/ml; 50 μl/well). Unbound conjugate was 
rinsed away followed by the addition of Vectastain Elite ABC reagent  
(50 μl/well) and incubation for 30 min. After further washing steps, TMB 
substrate solution (50 μl/well) was added and the reaction was stopped with  
0.16 M H2SO4 after 20 min. Absorbance was measured at 450 nm on a Wallac 
1420 Multilabel counter (Perkin Elmer). 
 

Binding of LTL and ConA to CA-125 
The biotinylated lectins LTL or ConA (0.07 μg/ml; 50 μl/well) were added to 
CA-125-coated plates and allowed to react for 1 h at room temperature. 
Unbound lectin was removed by washing, followed by the addition of Vectastain 
Elite ABC reagent. Incubation, rinsing, and detection steps were performed as 
described for the detection of Lewis epitopes. 
 

Binding of DC-SIGN-Fc to immobilized CA-125 
CA-125 (7-5000 IU/ml; 50 μl/well) in 0.05 M carbonate buffer (pH 9.5) was 
immobilized on microwell plates for 18 h at 4ºC. Unadsorbed antigens were 
removed by aspiration, the wells were rinsed three times with 300 μl 0.05 M 
PBS (pH 7.2) and then blocked with 1% BSA (200 μl/well) in 20 mM TSM 
(Tris-HCl buffer; pH 7.4) containing 150 mM NaCl, 1 mM CaCl2 and 2 mM 
MgCl2. After the washing steps, DC-SIGN-Fc (5 μg/ml; 50 μl/well) was added 
followed by incubation for 3 h at room temperature. Unbound lectin was 
aspirated and the wells were rinsed, followed by the addition of protein A-HRPO 
conjugate (0.3 μg/ml; 50 μl/well). After incubation for 2 h and further washing 
steps, TMB-substrate solution was added (50 μl/well). The reaction was stopped 
after 20 min with 0.16 M H2SO4 (50 μl/well). Absorbance was measured at 450 nm.  
The inhibition assay involved preincubation of DC-SIGN-Fc (5 μg/ml) with 
either mannan (25 µg/ml) or fucose (50 mM) alone, or with their mixed 
solutions (final concentration adjusted to 25 µg/ml mannan and 50 mM fucose), 
followed by binding to CA-125 at one selected concentration (250 IU/ml). The 
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incubation, rinsing, and detection steps were performed as described above. 
Binding of DC-SIGN-Fc in the presence of inhibitor was expressed as  
a percentage of the DC-SIGN-Fc binding alone (control value). Statistical 
analysis was performed using two tailed unpaired t-tests; p values < 0.05 were 
considered statistically significant. 
In addition, a mutual inhibition assay was performed using lectins and 
monoclonal antibodies. Thus, before the addition of DC-SIGN-Fc (5 μg/ml), the 
CA-125-coated plate was preincubated with: ConA (50 μg/ml; 50 μl/well),  
LTL (2 μg/ml; 50 μl/well), and anti-Lex and anti-Ley (dilution 1:50; 50 μl/well) for 
2 h at room temperature, with specific binding of DC-SIGN-Fc detected as 
described above. 
 

Inhibition of DC-SIGN-Fc binding to pathogen-related glycoconjugates 
using CA-125 
Mannan (20 μg/ml; 50 μl/well) in 0.05 M carbonate buffer (pH 9.5) was 
adsorbed on a microwell plate for 18 h at 4ºC. The wells were rinsed three times 
with 300 μl 0.05 M PBS (pH 7.2) and blocked with 1% BSA (200 μl/well) in 
TSM (pH 7.4). After the washing steps, we added DC-SIGN-Fc (at the selected 
concentration of 10 μg/ml; 50 μl/well) in TSM, or DC-SIGN-Fc preincubated 
(for 1 h at room temperature) with pCA-125 and afCA-125 (300 IU/ml) to 
immobilized mannan and incubated for 3 h at room temperature. Unbound lectin 
was removed and protein A-HRPO conjugate added (0.3 μg/ml; 50 μl/well). 
After incubation for 1 h and more washing steps, TMB substrate solution was 
added (50 μl/well). The reaction was stopped with 0.16 M H2SO4 and 
absorbance was measured at 450 nm. Binding of DC-SIGN-Fc to mannan in the 
presence of inhibitor was expressed as a percentage of the DC-SIGN-Fc binding 
to mannan alone.  
DC-SIGN-Fc (50 μl/well) was allowed to react with Helicobacter pylori antigen-
coated plates from a commercially available kit for detection of antibodies against 
H. pylori in human blood serum (HUMAN GmbH). These antigens were derived 
from a detergent extract of a H. pylori type I preparation rich in  
Lex-lipopolysaccharides. Binding assays were performed using the procedure 
described for mannan-coated plates. Statistical analysis was performed using two 
tailed unpaired t-tests; p values < 0.05 were considered statistically significant. 
 
RESULTS 
 

CA-125 has carbohydrate structures that DC-SIGN recognizes specifically 
The accessibility of mannosylated and fucosylated glycans on immobilized CA-
125, as possible binding determinants for DC-SIGN, were tested using plant 
lectins (Fig. 1A and B) or carbohydrate-specific antibodies (Fig. 1C and D). 
ConA, specific for high mannose and complex type N-glycans, and anti-Lex  
or -Ley antibodies showed concentration-dependent binding to pCA-125 and to  



Vol. 19. No. 2. 2014         CELL. MOL. BIOL. LETT.         
 

254 

a lesser extent to afCA-125. In addition, LTL, which recognizes fucosylated 
structures (alpha-linked L-fucose), bound weakly only pCA-125.  
Compared to the antigens of fetal origin, cancer-derived antigens generally 
reacted at higher concentrations. clCA-125 was recognized by ConA and anti-
Lex, while its reaction with anti-Ley was very poor, and LTL showed no binding. 
Only ConA gave a faint measurable reaction for acCA-125. 
 

 
 

Fig. 1. Mannosylated and fucosylated glycans on CA-125 of fetal and cancer origin. 
Immobilized CA-125 was allowed to react with biotinylated plant lectins or carbohydrate-
binding antibodies at room temperature. The unbound material was washed out followed 
by specific detection using Vectastain ABC reagent for lectins or biotinylated anti-mouse 
IgM antibody and Vectastain ABC for antibodies. Absorbance was measured at 450 nm. 
Typical binding curves are presented. A – Binding of concanavalin A (ConA). B – Binding 
of Lotus tetragonolobus lectin (LTL). C – Binding of monoclonal anti-human Lewisx IgM 
(anti-Lex). D – Binding of monoclonal anti-human Lewisy IgM (anti-Ley). pCA-125 – 
pregnancy-associated CA-125; afCA-125 – CA-125 from amniotic fluid; clCA-125 – CA-125 
from ovarian carcinoma OVCAR-3 cell line; acCA-125 – CA-125 from adenocarcinoma. 
 

DC-SIGN binds to CA-125 in a carbohydrate-dependent mode  
The interaction of DC-SIGN with immobilized CA-125 of different origins is 
shown in Fig. 2A. Dose-dependent binding was observed with pCA-125 and 
afCA-125, whereas clCA-125 and acCA-125 exhibited negligible reactions. 
When mannan and fucose were applied alone as inhibitors, they showed partial 
but considerable inhibition of both pCA-125 and afCA-125 binding to DC-SIGN 
(Fig. 2B). A statistically significant difference between mannan and fucose in 
terms of inhibitory potential was observed for both pCA-125 (p ≤ 0.0473) and 
afCA-125 (p ≤ 1.0387E-06). Mannan inhibited the binding of DC-SIGN to pCA-125 
and afCA-125 by 43% and 58% of the control value, respectively, while fucose 
inhibited binding by 29% and 18% of the control value, respectively. Combined 
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inhibition with both sugars inhibited the binding of DC-SIGN to pCA-125 and 
afCA-125 by 81% and 73%, respectively. 
The blocking of fucosylated structures on pCA-125 using LTL or anti-Lex had 
little to no effect on DC-SIGN binding, whereas anti-Ley showed significant 
inhibition, decreasing the binding by 15% of the control value (Fig. 2C). In 
contrast to this, ConA increased the binding of DC-SIGN to pCA-125 by 20%. 

 

 
 

Fig. 2. Binding of DC-SIGN to immobilized CA-125. A – Immobilized CA-125 of different 
origins were incubated with DC-SIGN for 3 h at room temperature. The unbound material 
was washed out followed by the addition of protein A-HRPO and TMB substrate solution. 
Absorbance was measured at 450 nm. B – DC-SIGN was allowed to react with inhibitors 
alone or combined: mannan (25 µg/ml), fucose (50 mM), and their mixed solutions (final 
concentration adjusted to 25 µg/ml mannan and 50 mM fucose), prior to incubation with 
immobilized CA-125. The binding of DC-SIGN to CA-125 in the presence of the inhibitors 
was expressed as a percentage of the binding to CA-125 alone. Inhibition was tested at the 
selected concentration of CA-125 of 250 IU/ml. The presented results are the mean values of 
two independent experiments. The standard error ranged from 3–11%. C – Immobilized 
pCA-125 (250 IU/ml) was preincubated with ConA (50 μg/ml; 50 μl/well), LTL (2 μg/ml;  
50 μl/well), or anti-Lex or anti-Ley (dilution 1:50; 50 μl/well) for 2 h at room temperature, 
followed by incubation with DC-SIGN. The presented results are the mean values of two 
independent experiments. The standard error ranged from 3–6%. pCA-125 – pregnancy-
associated CA-125; afCA-125 – CA-125 from amniotic fluid; clCA-125 – CA-125 from 
ovarian carcinoma OVCAR-3 cell line; acCA-125 – CA-125 from adenocarcinoma; 
concanavalin A (ConA); Lotus tetragonolobus lectin (LTL); monoclonal anti-human Lewisx 
IgM (anti-Lex); monoclonal anti-human Lewisy IgM (anti-Ley). 
 

CA-125 inhibition of DC-SIGN binding to pathogen-related glycoconjugates  
The potency of CA-125 of fetal origin to inhibit DC-SIGN binding to pathogen-
related glycoconjugates was probed on mannan and Helicobacter pylori 
antigens. Inhibition was carried out at constant concentrations of immobilized 
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glycoconjugates and DC-SIGN, selected after the examination of different 
experimental parameters to yield optimal settings. The results obtained indicated 
that pCA-125 and afCA-125 inhibited DC-SIGN binding to mannan by 26% and 
52%, respectively (Fig. 3A). A statistically significant difference between the 
two antigens as inhibitors of DC-SIGN binding to mannan was found  
(p ≤ 0.0173). Moreover, pCA-125 statistically significantly decreased DC-SIGN 
binding to H. pylori antigens by 56% (p ≤ 0.0058), whereas binding was 
preserved in the presence of afCA-125 (Fig. 3B). 

 

 
 

Fig. 3. Inhibition of DC-SIGN binding to pathogen-related glycoconjugates. DC-SIGN was 
allowed to react with immobilized mannan (A) or H. pylori antigens (B) alone or 
preincubated with CA-125 for 3 h at room temperature. Bound lectin was detected with 
protein A-HRPO and absorbance was measured at 450 nm. Binding of DC-SIGN to 
pathogen-related glycoconjugates in the presence of CA-125 was expressed as a percentage 
of the DC-SIGN binding without the addition of the corresponding antigens. The presented 
results are the mean values of two independent experiments. The standard error ranged from 
1–8%. pCA-125 – pregnancy-associated CA-125; afCA-125 – CA-125 from amniotic fluid; 
H. pylori Ags – Helicobacter pylori antigens. 
 
DISCUSSION 
 

DC-SIGN is in the lectin-like receptor class sharing a C-type lectin fold that is  
a ligand-binding motif not only for carbohydrates but also for some proteins, 
nucleic acids, lipids, and inorganic molecules [17, 26]. A soluble chimeric  
DC-SIGN-Fc fusion protein has been used in different types of assay to analyze 
lectin specificity and binding mode. Although limitations with respect to the 
oligomerization state of lectin exist, this experimental design was demonstrated 
to be relevant and allowed identification of various interacting glyco-structures 
[27, 28].  
In this study, comparable test formats were applied to probe the binding of 
human DC-SIGN-Fc chimera to pregnancy- and cancer-associated CA-125, 
previously characterized to be heterogeneous in protein and carbohydrate 
composition. Thus, the main differences between pregnancy- and cancer-
associated CA-125 were attributed to N-glycan-associated structures reactive 
with ConA and PHA-E (phytohemagglutinin-E), as well as glyco-structures 
reactive with SBA (Glycine max agglutinin), SNA (Sambucus nigra agglutinin) 
and WFA (Wisteria floribunda agglutinin), as evaluated by their lectin-binding 
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patterns [24, 25, 29]. Generally, the existence of various CA-125 forms was also 
supported by recent data obtained using microarray glycoprofiling, mass 
spectrometry, and HPLC [30, 31]. Thus, under the experimental conditions 
applied, CA-125 heterogeneity was also observed concerning glyco-structures 
that are supposed to react with DC-SIGN. The possible influence of both 
abundance and accessibility was most expressed in the case of fucosylated 
structures and Lewis antigens. These results were in contrast to those obtained 
with mannose-containing structures. Moreover, compared to CA-125 of fetal 
origin, differences between the results for cancer-derived CA-125 were more 
pronounced, and such antigens were generally less reactive in the same 
concentration range. 
In agreement with this, our results indicated that DC-SIGN recognizes CA-125 
of fetal and cancer origin in a very different way. This can be related to data 
indicating that subtle differences in the arrangement of carbohydrate residues 
and their branching and spacing considerably affects the recognition profile of 
C-type lectins, including DC-SIGN [32, 33].  
Indeed, a previous investigation of CA-125 of fetal and cancer origin showed 
that their molecular topology, being dependent on the molecular mass and 
degree of glycosylation, was clearly different [34]. Thus, DC-SIGN binding to 
immobilized CA-125 of fetal origin was carbohydrate-dependent and no striking 
difference was observed when CA-125 isolated from trophoblasts was compared 
with that from amniotic fluid. In contrast to this, cancer-derived CA-125 from an 
ovarian carcinoma cell line and adenocarcinoma displayed negligible binding.  
The results of DC-SIGN inhibition assays using fetal CA-125 in the solid or 
fluid phase indicated that both mannosylated and fucosylated structures 
contributed to the observed lectin binding, but not in the same way. In light of 
the statistical analysis, the former seem to be preferential targets for DC-SIGN. 
Of the fucosylated epitopes, Ley was found to be the most distinguished. 
However, DC-SIGN and ConA, as examples of mannose-binding lectin-type 
polyspecificity, recognize different structural features on CA-125 glycans, as 
indicated by the lack of mutual inhibition. It seems that increased binding of 
DC-SIGN is due to ConA-induced clustering of glycans, which is known to 
increase C-type lectin affinity [35]. 
This finding was complemented with the results obtained for two different types 
of pathogen-related glycans using fluid-phase CA-125 as the competitor. Thus, 
probes included mannan, as the primordial ligand for C-type lectins mimicking  
a variety of mannosylated structures bound by DC-SIGN, and a complex 
mixture of H. pylori antigens mimicking fucosylated structures including 
Lewisx/y glycotopes. Generally, mammalian glycoproteins are considered to be 
poor ligands for C-type lectins in comparison to pathogen-related 
glycoconjugates, due to the distribution and spacing between carbohydrate 
residues involved in recognition. 
Our results indicated that DC-SIGN binding to mannan was not blocked to the 
background level using either pCA-125 or afCA-125, suggesting that the two 
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antigens share similar but complex determinants to mannan. The inhibition 
potency of pCA-125 was lower, while afCA-125 had no effect on DC-SIGN 
binding to H. pylori antigens. This could be related to their observed reactivities 
with LTL lectin and anti-Lewis antibodies. Thus, the composition of fucosylated 
glycans seems to be more critical for DC-SIGN recognition of CA-125, possibly 
involving distinct or partially overlapping glycotopes to H. pylori antigens.  
The heterogeneity of the MUC16/CA-125 structure makes it a complex ligand, 
the capacity of which is still elusive. Thus, our results could be considered in the 
light of previously reported data indicating that CA-125 shares some properties 
with pathogen ligands, exhibiting diverse interactions with DC-SIGN. The  
N-glycosylation profile for CA-125 glycans is supposed to be very similar to 
that of HIV-1 glycoprotein gp120, which is a known ligand for DC-SIGN [16]. 
As for the protein backbone, CA-125 homology to conserved domains from the 
outer envelope protein of the Herpesviridae family was found. This is the major 
antigen responsible for the production of neutralizing antibodies in vivo [36].  
Moreover, it is known that DC-SIGN has the capacity to bind various viral 
envelope proteins, but these interactions are not strictly defined. Thus, binding 
of HIV-1 gp120 is defined as carbohydrate-independent, since the 
deglycosylated molecule is still recognized by DC-SIGN [26, 33]. On the other 
hand, its interaction with envelope glycoproteins from different members of the 
Herpesviridae family is supposed to be mediated by carbohydrates [37, 38].  
The available data raise the question of the biological significance and position 
of MUC16/CA-125 among mucins and molecules sharing similar carbohydrate 
and peptide epitopes and competing for diverse receptors sharing overlapping 
ligand specificities. The limitation of the experimental system applied in this 
study is that it could not mimic the situation in vivo, where local 
microenvironments directly influence DC function and phenotype, resulting in 
considerable heterogeneity [39]. However, the results obtained, together with 
previously published data, point to the possible selectivity of DC-SIGN to  
CA-125 of fetal origin and siglec(s) to CA-125 of cancer-origin [12]. This may 
be a clue for designing a strategy to examine the mucin network in immune 
recognition mediated by this distinct group of C-type lectins. 
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