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Abstract Lectins are carbohydrate binding proteins that are
gaining attention as important tools for the identification of
specific glycan markers expressed during different stages of
the cancer. We earlier reported the purification of a mitogenic
lectin from human pathogenic fungus Cephalosporium
curvulum (CSL) that has complex sugar specificity when
analysed by hapten inhibition assay. In the present study, we
report the fine sugar specificity of CSL as determined by gly-
can array analysis. The results revealed that CSL has exqui-
site specificity towards core fucosylated N-glycans.
Fucosylated trimannosyl core is the basic structure required
for the binding of CSL. The presence of fucose in the side
chain further enhances the avidity of CSL towards such gly-
cans. The affinity of CSL is drastically reduced towards the
non-core fucosylated glycans, in spite of their side chain
fucosylation. CSL showed no binding to the tested O-
glycans and monosaccharides. These observations suggest
the unique specificity of CSL towards core fucosylated N-
glycans, which was further validated by binding of CSL to
human colon cancer epithelial and hepatocarcinoma cell lines
namely HT29 and HepG2, respectively, that are known to
express core fucosylated N-glycans, using AOL and LCA
as positive controls. LCA and AOL are fucose specific lectins
that are currently being used clinically for the diagnosis of
hepatocellular carcinomas. Most of the gastrointestinal markers
express core fucosylated N-glycans. The high affinity and

exclusive specificity of CSL towards α1-6 linkage of core
fucosylated glycans compared to other fucose specific lectins,
makes it a promising molecule that needs to be further ex-
plored for its application in the diagnosis of gastrointestinal
cancer.
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Introduction

Many key biological processes including cell adhesion, mo-
lecular trafficking and clearance, receptor activation, signal
transduction and endocytosis involve the active participation
of glycans. Understanding the diversity of these glycans
expressed on the mammalian glycoconjugates provides useful
information in deciphering the cellular-molecular recognitions
and underlying signaling mechanisms. Lectins are the carbo-
hydrate binding proteins of non immune origin, and are
known to recognize such glycans that are specifically either
expressed on cell surface or free in solutions. This glycan
recognition property of lectins has made them a useful tool
in different fields of life sciences. Some lectins recognize tu-
mor associated glycans and therefore have the potential to
serve as biomarkers for malignant tumors and also assist in
the study of changes in the glycosylation motif in cancer line
[1].The alteration/expression of specific glycans has been ob-
served in many pathophysiological conditions including can-
cer. Many of these specific glycans are considered as disease
markers and are targets for diagnosis as well as for therapeu-
tics. The role of glycans has been well established in the can-
cer progression and glycans are known to be involved in
tumour proliferation, invasion, haematogenous metastasis
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and angiogenesis. Malignant transformation is often ac-
companied by the expression of oncofetal antigen-
epitopes that are expressed on tumour cells and sometimes
released into the serum [2–4].

Alterations of both N- and O-linked glycans have been
observed in many cancer markers noticeably in mucin
glycoconjugates such as; MUC4, MUC1, MUC16 (CA125),
CA19-9 and CA15-3 [5]. For example, α fetoprotein (AFP)
and haptoglobin are the serum glycoproteins that are known to
express altered N-glycans in gastrointestinal cancer especially
core fucosylated N-glycans during transformation. Increased
fucosylation, specifically core fucosylation on many serum
glycoproteins and membrane receptors is observed in gastro-
intestinal cancer including hepatocellular and pancreatic car-
cinoma and hence is becoming an important diagnostic mark-
er [6, 7]. Lectins like, Lens culinaris agglutinin-A (LCA),
Aleuria aurantia lectin (AAL), Aspergillus oryzae lectin
(AOL), Rhizopus stolonifer lectin (RSL), and Pholiota
squarrosa lectin (PhoSL) are known to recognize such altered
core fucosylation of N-glycans [6, 8, 9]. Apart from these
alterations observed during the transformation, there may be
many more altered glycans specifically expressed which
needs to be deciphered by using glycan binding proteins like
lectins with unique affinity for such glycans.

Recently, we reported purification and characterization of a
mitogenic lectin (CSL) from Cephalosporium curvulum, a
pathogenic fungus causing mycotic keratitis. CSL had shown
complex sugar specificity as analysed by hapten inhibition
assay. Here we report the exquisite specificity of CSL to core
fucosylated N-glycans as analysed by the glycan array data
using version 4.2, which includes screening its affinity for a
total of 511 glycans. To validate the glycan array data, inter-
action of CSL with human hepatocellular carcinoma cell lines
with and without FUT8 gene silencing and colon cancer epi-
thelial cell lines by flow cytometry and binding with human
colon cancer tissues by lectin histochemistry were performed
to explore its possible potential in the diagnosis of gastroin-
testinal cancer.

Materials and methods

Bovine serum albumin (BSA), streptavidin-horseradish per-
oxidase, fetuin and L-fucose were obtained from Sigma
Chemical Co. (St. Louis, USA).Fetal calf serum (FCS) and
DMEM and Lipofectamine 2000 were from Gibco
Invitrogen, siRNA against FUT8 from Dharmacon, GE
Life Sciences, USA, 3-3′ diaminobenzidine chromogen/
H2O2 substrate in buffered solution (pH 7.5) (DAB kit)
was obtained from Bangalore Genei, India. LCA was
obtained from Vector labs, USA and AOL was obtained
from TCI Japan.

Purification, biotinylation and FITC conjugation of CSL

CSLwas purified fromCephalosporium curvulum culture in a
single step by affinity chromatography on asialofetuin-
Sepharose 4B column as described earlier [10]. Biotinylation
of CSL and AOL was carried out according to the procedure
described by Duk et al. [11]. The biotinylated lectin was
stored at −20 °C till further use. Conjugation of CSL, AOL
and LCAwith FITC was conducted as described by Goldman
et al. [12]. Asialofetuin(ASF) used for preparation of affinity
column and binding studies was prepared by desialylation of
fetuin according to the method described by R.G. Spiro and V.
D. Bhoyroo [13].

Glycan array screening of CSL

Glycan array analysis of CSL was carried out at Consortium
for Functional Glycomics (CFG) using version 4.2. This ver-
sion had 511 different glycans covalently attached to N-
hydroxysuccinamide (NHS)-activated glass slides (www.
functionalglycomics.org). These glycans are natural/
synthetic glycan sequences representing major glycan struc-
tures of glycoproteins and glycolipids [14]. Streptavidin-
Alexa Fluor 488 was used to detect the biotinlyated CSL
and the fluorescence was detected using a confocal micro
array scanner (Perkin Elmer Microscan XL 4000) and the
integrated spot intensities were determined using IMAGENE
image analysis software (BioDiscovery, EI Segundo CA,
USA). Relative fluorescence units (RFU) for CSL binding to
each of the glycans were plotted using Microsoft EXCEL
software.

Cell culture

Human colon epithelial cancer HT29 cells were obtained from
the European Cell Culture Collection via the Public Health
Laboratory Service (Porton Down,Wiltshire, UK). HT29 cells
were cultured in DMEM supplemented with 10 % FCS, 100
units/ml penicillin, 100 μg/ml streptomycin (complete
DMEM) at 37 °C in 5 % CO2. Hepatocarcinoma HepG2 cells
were a kind gift from Dr.Milind Vaidya and were cultured in
DMEM supplemented with 10 % FCS, 100 units/ml penicil-
lin, 100 μg/ml streptomycin (complete DMEM) at 37 °C in
5 % CO2.

Flow cytometry

Hepatocellular carcinoma HepG2 and human colon epithelial
cancer HT29 cells were incubated with 3 % BSA to block
non-specific sites, for 1 h at 4 °C. Cells (1 × 105) were incu-
bated with FITC labelled CSL, AOL and LCA (2 μg/100 μl)
for 1 h on ice and were washed thoroughly with 1X PBS.
Carbohydrate-mediated binding of lectins was tested by
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preincubating the FITC conjugated lectins (CSL, AOL and
LCA) with competing glycoconjugate, asialofetuin (100 μg/ml)
and monosaccharide L-fucose (200 mM) for 1 h at 37 °C before
cell staining. Data was acquired for 10,000 events using
BeckmanCoulter FC500 flow cytometer andwas analysed using
CXPAnalysis software. Unstained cells processed similarlywere
used as negative control.

RNA mediated FUT8 gene silencing

Synthesis of fucosyl transferase 8, responsible for the addition
of L-fucose on the membrane oligosaccharide, was inhibited
using siRNA towards FUT8 gene.

Briefly, HepG2 cells were seeded in a 3.5 cm dish
(0.15X106/ml) and were grown at 37 °C for 48 h. These cells
were transfected with 200 nM siRNA for FUT8 using
Lipofectamine 2000 and allowed to grow for 72 h.
Transfected cells with reduced fucosylation were used to test
their binding to FITC-CSL and to confirm specificity of CSL.

Lectin histochemistry

Human colon tissue samples (normal, primary and metastatic
cancer tissues) were procured from S. L. Raheja Hospital,
Mumbai, India, with the approval of the ethical committee
(IRB No.08/2009). Tissues were obtained during surgery or
colonoscopic polypectomy, fixed in buffered formalin and
embedded in paraffin for routine pathological examination.
Additional 5 μm sections were prepared for lectin histochem-
istry after the pathological diagnosis was confirmed.

Lectin histochemistry of biotinylated CSL and AOL
(10 μg/ml) was carried out as described by Boland et al.
[15]. CSL and AOL binding was then evaluated using
Streptavidin-horseradish peroxidase –DAB system through
optical analysis.

Results

Biotinylated CSL was used for glycan array analysis and the
carbohydrate specificity of CSLwas established bymeasuring
the fluorescence intensity after the addition of Streptavidin-
A488. Relative fluorescence units (RFU) measured for total
511 glycans are presented in Fig. 1 and the acquired data of
RFU for individual ligands can be found on consortium
website (www.functionalglycomics.org/primscreen_3703).

CSL shows strong binding affinity to the core fucosylated
N-glycans

The results of glycan array analysis reveals that CSL is spe-
cific towards N-glycans and all the top seventeen glycans have
core fucosylation as common structure (Table 1). Trimannosyl

pentasaccharide core with fucosylation at the reducing end
(Glycan# 477) is the basic structure required for the binding
of CSL. Binding affinity of CSL is enhanced for extended
fucosylated core by Galβ1-4GlcNAcβ1-2 at both the man-
nose residues (Glycan# 350). This is an important structure,
which is found on many of the secretory glycoproteins (α-
fetoprotein, α1-antitrypsin, haptoglobin, E-cadherin etc.).
The presence of fucose residues in the side chain of the ex-
tended core fucosylated structure (Glycan# 465 and 457) en-
hances the avidity of CSL enormously. Changes in the glyco-
sidic linkage of fucose, galactose or N-acetylglucosamine at
the non-reducing end have negligible effect on the affinity of
CSL towards these glycans (Glycan# 350, 455, 456, 457 etc.).
Substitution of fucose with sialic acid at the non-reducing end
slightly decreases the binding of CSL (Glycan# 475 and 476)
suggesting preferred affinity of CSL towards fucose in the side
chain.

Significance of core fucosylation for CSL binding

Binding of CSL to non-core fucosylated glycans but with side
chain fucosylation is presented in the Table 2. It is interesting
to note that none of the glycans tested without core
fucosylation are recognized by CSL. Glycans with fucose res-
idues in the side chain of the non-core fucosylated glycans and
with all the possible orientations did not show any affinity to
CSL. Affinity of CSL was reduced enormously between core
fucosylated glycans that have shown highest affinity for CSL
and the respective non-core fucosylated glycans. Noticeably,
the glycan# ‘465 and 359′, ‘477 and 50′, ‘454 and 367′, ‘457
and 370′, ‘455 and 371′, ‘466 and 372′, ‘417 and 358′, ‘423
and 357′, and ‘424 and 368′ are similar in their structure ex-
cept for core fucosylation (Table 2). These observations dem-
onstrate the importance of the core fucosylation for CSL
binding.

CSL shows no affinity for fucosylated O-glycans

All the tested O-glycans with or without fucosylation at re-
ducing or non-reducing end did not show any binding to CSL.
These results confirm the exclusive specificity of CSL to-
wards core fucosylated N-glycans but not to O-glycans.

CSL shows no affinity for monosaccharides

None of the tested monosaccharides showed affinity towards
CSL. The components of the trimannosyl core; mannose, N-
acetylglucosamine and fucose have shown negligible binding to
CSL. These results showed that the affinity of CSL is directed
towards more extended glycans.
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Fig. 1 Glycan array analysis of CSL: Relative fluorescence units (RFU) for 511 glycans were plotted. X-axis represents glycan numbers and Y-axis
represents RFU

Table 1 Glycans with highest affinity for CSL

Glycan No. Glycan structure Average RFU

465 Fucα1-2Galβ1-4(Fucα1-3)GlcNAcβ1-2Manα1-6(Fucα1-2Galβ1-4(Fucα1-3)GlcNAcβ1-2Manα1-
3)Manβ1-4GlcNAcβ1-4(Fucα1-6)GlcNAcβ-6AA

7411

457 GalNAcα1-3(Fucα1-2)Galβ1-3GlcNAcβ1-2Manα1-6(GalNAcα1-3(Fucα1-2)Galβ1-3GlcNAcβ1-
2Manα1-3)Manβ1-4GlcNAcβ1-4(Fucα1-6)GlcNAcβ-Sp22

4012

351 Galβ1-3GlcNAcβ1-2Manα1-3(Galβ1-3GlcNAcβ1-2Manα1-6)Manβ1-4GlcNAcβ1-4(Fucα1-
6)GlcNAcβ-Sp22

2632

455 Galα1-3(Fucα1-2)Galβ1-3GlcNAcβ1-2Manα1-6(Galα1-3(Fucα1-2)Galβ1-3GlcNAcβ1-2Manα1-3)
Manβ1-4GlcNAcβ1-4(Fucα1-6)GlcNAcβ-Sp22

2588

466 Fucα1-2Galβ1-3(Fucα1-4)GlcNAcβ1-2Manα1-6(Fucα1-2Galβ1-3(Fucα1-4)GlcNAcβ1-2Manα1-
3)Manβ1-4GlcNAcβ1-4(Fucα1-6)GlcNAcβ-Sp19

2527

417 Fucα1-2Galβ1-4GlcNAcβ1-2Manα1-3(Fucα1-2Galβ1-4GlcNAcβ1-2Manα1-6)
Manβ1-4GlcNAcβ1-4(Fucα1-6)GlcNAcβ-Sp22

2268

349 GlcNAcβ1-2Manα1-3(GlcNAcβ1-2Manα1-6)Manβ1-4GlcNAcβ1-4(Fucα1-6)GlcNAcβ-Sp22 2107

350 Galβ1-4GlcNAcβ1-2Manα1-3(Galβ1-4GlcNAcβ1-2Manα1-6)
Manβ1-4GlcNAcβ1-4(Fucα1-6)GlcNAcβ-Sp22

1769

423 Fucα1-2Galβ1-3GlcNAcβ1-2Manα1-3(Fucα1-2Galβ1-3GlcNAcβ1-2Manα1-6)
Manβ1-4GlcNAcβ1-4(Fucα1-6)GlcNAcβ-Sp22

1340

478 Galβ1-4GlcNAcβ1-6(Galβ1-4GlcNAcβ1-2)Manα1-6(Galβ1-4GlcNAcβ1-2Manα1-3)
Manβ1-4GlcNAcβ1-4(Fucα1-6)GlcNAcβ-6AA

1321

477 Manα1-6(Manα1-3)Manβ1-4GlcNAcβ1-4(Fucα1-6)GlcNAcβ-Sp19 1293

424 Galα1-3(Fucα1-2)Galβ1-4GlcNAcβ1-2Manα1-3(Galα1-3(Fucα1-2)Galβ1-4GlcNAcβ1-2Manα1-6)
Manβ1-4GlcNAcβ1-4(Fucα1-6)GlcNAcβ-Sp22

1242

468 GlcNAcβ1-6(GlcNAcβ1-2)Manα1-6(GlcNAcβ1-2Manα1-3)Manβ1-4GlcNAcβ1-4(Fucα1-
6)GlcNAcβ-6AA

1020

475 Neu5Acα2-6Galβ1-4GlcNAcβ1-2Manα1-6(Neu5Acα2-6Galβ1-4GlcNAcβ1-2Manα1-3)
Manβ1-4GlcNAcβ1-4(Fucα1-6)GlcNAcβ-6AA

979

362 Galβ1-3(Fucα1-4)GlcNAcβ1-2Manα1-3(Galβ1-3(Fucα1-4)GlcNAcβ1-2Manα1-6)
Manβ1-4GlcNAcβ1-4(Fucα1-6)GlcNAcβ-Sp22

920

454 GalNAcα1-3(Fucα1-2)Galβ1-4GlcNAcβ1-2Manα1-6(GalNAcα1-3(Fucα1-2)Galβ1-4GlcNAcβ1-
2Manα1-3)Manβ1-4GlcNAcβ1-4(Fucα1-6)GlcNAcβ-Sp22

892

476 Neu5Acα2-3Galβ1-4GlcNAcβ1-2Manα1-6(Neu5Acα2-3Galβ1-4GlcNAcβ1-2Manα1-3)
Manβ1-4GlcNAcβ1-4(Fucα1-6)GlcNAcβ-6AA

679
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CSL shows strong binding to HepG2 and HT29 cells

The receptor-mediated lectin binding to the cells namely hu-
man hepatocellular carcinoma HepG2 cells and colon epithe-
lial cancer HT29 cells was confirmed by studying the binding
of FITC conjugated lectins CSL, AOL and LCA in presence
and absence of different competing glycoconjugates or hap-
tens. Flow cytometry histograms of the lectins binding to cells
after blocking with asialofetuin and L-fucose are presented in
Fig. 2a and Fig. 3, respectively. CSL showed strong binding to
HepG2 and HT29 cells. The binding was significantly
inhibited (53 % with HepG2 cells and 90 % with HT29 cells)
in the presence of asialofetuin, whereas L-fucose failed to
completely block the binding of CSL to HepG2 cells
confirming the affinity of CSL exclusively towards complex
glycans and not to fucose. The fucose specific lectins AOL
and LCA used as positive controls also showed strong affinity
to both cell lines. AOL and LCA binding to HepG2 cells were
inhibited by 68 % and 48 %, respectively, in presence of
asialofetuin and by 84 % and 44 % in the presence of fucose.
Similarly, the binding of AOL and LCA to HT29 cells was
inhibited by 38 % and 64 %, respectively, in presence of
asialofetuin and by 84 % and 72 % in presence of fucose.
These results show that for AOL, L-fucose is an effective
inhibitor compared to asialofetuin, whereas for LCA,
asialofetuin and fucose are equally effective in blocking.

Hence, unlike CSL, binding of these fucose specific lectins
was inhibited in the presence of both asialofetuin as well as L-
fucose, which demonstrates their broader specificity.

CSL shows reduced binding to HepG2 cells silenced
with FUT8 siRNA

In order to confirm the affinity of CSL towards core
fucosylated glycans, its interaction was studied with HepG2
cells silenced using FUT8 siRNA. Histograms reveal binding
of CSL to three distinct populations of transfected HepG2
cells that likely represents different levels of gene silencing
as shown in Fig. 2b. Themajority of the transfected cells show
decrease in binding by 86 %,(peak B) compared to
untransfected cells, whereas a second population represents
almost complete inhibition by 97.5 %, (peak A).The histo-
gram also shows a small population of cells (peak C) with
moderate transfection and hence show less decline in MFI
48.5 %, compared to control. The MFI of CSL for siRNA
transfected populations is reduced drastically in all the
transfected cells, indicating the importance of core
fucosylation for CSL binding and thus confirming specificity
of CSL. AOL was used as a positive control. Interestingly,
there was not much decrease in MFI values for transfected
cells, which may be due to the broader specificity of AOL
towards linkages other than α1-6.

Table 2 Affinity of CSL towards the glycans without core fucosylation but with side chain fucosylation

Glycan No. Glycan structure Average RFU

324 Fucα1-3(Galβ1-4)GlcNAcβ1-2Manα1-3(Fucα1-3(Galβ1-4)GlcNAcβ1-2Manα1-6)Manβ1-4GlcNAcβ1-
4GlcNAcβ-Sp20

0

357 Fucα1-2Galβ1-3GlcNAcβ1-2Manα1-3(Fucα1-2Galβ1-3GlcNAcβ1-2Manα1-6)Manβ1-4GlcNAcβ1-
4GlcNAcβ-Sp20

16

358 Fucα1-2Galβ1-4GlcNAcβ1-2Manα1-3(Fucα1-2Galβ1-4GlcNAcβ1-2Manα1-6)Manβ1-4GlcNAcβ1-
4GlcNAcβ-Sp20

7

359 Fucα1-2Galβ1-4(Fucα1-3)GlcNAcβ1-2Manα1-3(Fucα1-2Galβ1-4(Fucα1-3)GlcNAcβ1-2Manα1-6)Manβ1-
4GlcNAcβ1-4GlcNAβ-Sp20

11

367 GalNAcα1-3(Fucα1-2)Galβ1-4GlcNAcβ1-2Manα1-3(GalNAcα1-3(Fucα1-2)Galβ1-4GlcNAcβ1-2Manα1-
6)Manβ1-4GlcNAcβ1-4GlcNAcβ-Sp20

−46

368 Galα1-3(Fucα1-2)Galβ1-4GlcNAcβ1-2Manα1-3(Galα1-3(Fucα1-2)Galβ1-4GlcNAcβ1-2Manα1-6)Manβ1-
4GlcNAcβ1-4GlcNAcβ-Sp20

2

369 Galα1-3Galβ1-4(Fucα1-3)GlcNAcβ1-2Manα1-3(Galα1-3Galβ1-4(Fucα1-3)GlcNAcβ1-2Manα1-6)Manβ1-
4GlcNAcβ1-4GlcNAcβ-Sp20

23

370 GalNAcα1-3(Fucα1-2)Galβ1-3GlcNAcβ1-2Manα1-3(GalNAcα1-3(Fucα1-2)Galβ1-3GlcNAcβ1-2Manα1-
6)Manβ1-4GlcNAcβ1-4GlcNAcβ-Sp20

19

371 Galα1-3(Fucα1-2)Galβ1-3GlcNAcβ1-2Manα1-3(Galα1-3(Fucα1-2)Galβ1-3GlcNAcβ1-2Manα1-6)Manβ1-
4GlcNAcβ1-4GlcNAcβ-Sp20

12

372 Fucα1-2Galβ1-3(Fucα1-4)GlcNAcβ1-2Manα1-3(Fucα1-2Galβ1-3(Fucα1-4)GlcNAcβ1-2Manα1-6)Manβ1-
4GlcNAcβ1-4GlcNAcβ-Sp19

40

392 Galα1-3Galβ1-3(Fucα1-4)GlcNAcβ1-2Manα1-3(Galα1-3Galβ1-3(Fucα1-4)GlcNAcβ1-2Manα1-6)Manβ1-
4GlcNAcβ1-4GlcNAc-Sp19

15

443 Fucα1-2Galβ1-4GlcNAcβ1-2(Fucα1-2Galβ1-4GlcNAcβ1-4)Manα1-3(Fucα1-2Galβ1-4 GlcNAcβ1-2Manα1-
6)Manβ1-4GlcNAcβ1-4GlcNAcβ-Sp12

28

444 Fucα1-2Galβ1-4(Fucα1-3)GlcNAcβ1-2(Fucα1-2Galβ1-4(Fucα1-3)GlcNAcβ1-4)Manα1-3(Fucα1-2Galβ1-
4(Fucα1-3)GlcNAcβ1-2Manα1-6)Manβ1-4GlcNAcβ1-4GlcNAcβ-Sp12

18
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CSL shows strong binding to colon cancer tissues

CSL showed strong binding to cancerous and metastatic tis-
sues and no or very weak binding to normal tissues of human
colon. Tissue samples were probed for CSL and AOL binding;
representative images are shown in the Fig. 4. AOL, a fucose

specific lectin, used as positive control showed similar affinity
and binding towards cancer tissues. The preferential binding
of CSL to cancer and metastatic tissues similar to AOL not
only supports its binding specificity to the core-fucosylated
glycans over-expressed in gastrointestinal carcinoma tissues,
but also reveals its diagnostic potential.
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Fig. 2 a CSL shows strong binding to HepG2 cells: HepG2 cells were
incubated with FITC labelled CSL (A1), AOL (B1) and LCA (C1) in
presence or absence of competing glycoconjugates and fucose.
Binding was analysed by flow cytometry. The overlays are repre-
sentative data with X-axis and Y-axis representing fluorescent inten-
sity and cell count, respectively. Figures A2, B2 and C2 represent

inhibition of binding (MFI) values in presence or absence of competing
glycoconjugates. b CSL shows reduced binding to FUT8 gene silenced
HepG2 cells: HepG2 cells transfected with FUT8 siRNAwere incubated
with FITC-CSL and AOL and analysed by flow cytometry. The
histogram reveals three distinct populations of FUT8 silenced HepG2
cells for CSL (Peak A, B and C) and has negligible effect for FITC-AOL
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Discussion

The present manuscript describes the fine sugar specificity of
CSL by glycan microarray analysis, a more accurate method,
which revealed the specificity of CSL towards core
fucosylated N-glycans, exclusively for α1-6 linkage unlike
other fucose-specific lectins. The glycan array data analysed

was further validated by flow cytometry and histochemical
studies with human hepatocellular and colon cancer tissues.

Glycan array analysis version 4.2 used for the analysis of
CSL, has a total of 511 glycans, which are either isolated from
the glycoproteins or chemically synthesized. The CSL showed
highest affinity towards the core fucosylated N-glycans. The
top seventeen glycans recognized by CSL have the core
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Fig. 3 CSL shows strong binding to HT29 cells: HT29 cells were
incubated with FITC labeled CSL (A1), AOL (B1) and LCA (C1) in
presence or absence of competing glycoconjugates and fucose and
binding was analysed by flow cytometry. The overlays are

representative data with X-axis and Y-axis representing fluorescent inten-
sity and cell count, respectively. Figures A2, B2 and C2 represent inhi-
bition of binding (MFI) values in presence or absence of competing
glycoconjugates

Normal Primary cancer Metastatic cancer

a

b

Fig. 4 CSL and AOL show strong binding to colon cancer tissues: CSL
(a) and AOL(b) histochemistry shows no binding of lectins to normal
human colon tissues but strong binding to primary and metastatic colon

tissues. All the images were obtained with 100×magnification. BArrows^
point to lectin binding to apical surface of the secretory gland epithelia
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fucosylation and trimannosyl core as the common structure.
The trimannosyl core with fucose at the reducing end withα1-
6 linkage (Glycan# 477) is the minimum basic structure re-
quired for CSL binding. The removal of core fucose (Fucα1-
6) from the reducing end of the glycans, with highest affinity
completely reduced the binding to CSL in spite of their side
chain fucosylation.

Interestingly, all the tested O-glycans with side chain
fucosylation are not recognized by CSL and also none
of the monosaccharides tested including fucose, man-
nose and N-Acetylglucosamine showed any binding to
CSL. All these results reveal the exclusive specificity of
CSL towards core α1-6 fucosylated N-glycans with the
trimannosyl core. To substantiate these observations, the
affinity of CSL to core fucosylated glycans expressed
on gastrointestinal cell lines namely HepG2 and HT29
cells was tested and confirmed. These results were fur-
ther validated by silencing of fucosyl transferase by
FUT8 siRNA that showed the decrease in the binding
of the CSL to the transfected cells, whereas for AOL
with broader specificity, the decrease in binding was not
significant. These results reveal the exclusive specificity
of CSL towards core fucosylated N-glycans. The differ-
ential binding of CSL towards human colon cancer tis-
sues, comparable with that of the fucose specific lectin-
AOL,was also demonstrated.

The increased fucosylation, especially core fucosylation on
many serum glycoproteins and membrane receptors is ob-
served in gastrointestinal cancer including hepatocellular and
pancreatic carcinoma and hence is becoming an important
diagnostic marker [6, 7] A number of gastrointestinal tumor
markers have been identified such as; α fetoprotein-L3 frac-
tion (APF-L3), fucosylated haptoglobin, fucosylated α-1-
ant i t rypsin (Fc-AAT), Golgi protein 73 (GP73),
Carbohydrate Antigen 19–9 (CA19-9), Carcinoembryonic an-
tigen (CEA) [16–20]. These tumor markers are known for
their differential expression of altered glycans, specifically
fucosylation pattern in the normal and cancerous conditions.
The serum levels of some of these markers are elevated in
cancer and hence are becoming important diagnostic targets.
Apart from cancer, the expression of some of these markers is
also observed in other pathophysiological conditions of liver
disease, such as chronic hepatitis (CH) and liver cirrhosis
(LC), which gives the false positive results in detection of
carcinoma. However, increased expression core fucose and
total fucosylation levels of these markers has been observed
in carcinoma that provides the means for specific differential
identification in cancerous and other pathophysiological con-
ditions. Serum levels of AAL-reactive Hpt are higher in pan-
creatic cancer patients, whereas those of PhoSL-reactive Hpt
are higher in colorectal cancer patients [21]. In view of this,
lectins with specific affinity for the fucosylated glycans are
gaining application in the diagnosis of gastrointestinal cancer

[5, 6]. Fucose-specific lectins from different sources are
known to have affinity for the specific type of linkage
[Table 3]. Aleuria aurantia lectin (AAL),Ulex uropeus agglu-
tinin (UEA), Lens culinaris agglutinin (LCA), Rhizopus
stolonifer lectin (RSL) and Aspergillus oryzae lectin (AOL)
are fucose specific lectins, however they differ with respect to
their affinity towards specific glycosidic linkage. For exam-
ple, AAL recognizes α1-3/α1-4 and α1-6 fucose, UEA rec-
ognizes α1-2 fucose, LCA recognizes the native form of α1-6
fucose with a mannose arm with preference for α1-6 > α1-3
and AOL recognizes fucose with α1-6> > α1-3 > α1-4 > α1-
2 linkages [7]. Apart from recognizing core fucosylated gly-
cans, these lectins are also known to recognize fucose mono-
saccharide. These lectins other than AOL also recognize non
fucosylated N-glycans, but show high affinity for fucosylated
glycans. AOL has high specificity towards fucose α1-6 link-
age compared toα1-2,α1-3 andα1-4 linkages [22]. Recently,
another lectin from the mushroom Pholiota squarrosa
(PhoSL) has been reported which has high specificity towards
the core fucosylated glycans compared to other fucose link-
ages [8].

Lectin-Ab ELISA kits for AFP-L3 and Fuc-Hpt are the
approved kits and are currently used in the diagnosis of hepa-
tocellular carcinoma in combination with other diagnostic
tests. AAL is used in recognition of the core fucosylated N-
glycans, whereas LCA fraction 3 is used in detecting the core
fucosylated AFP [6, 7]. Recently, another ELISA kit devel-
oped using AAL and PhoSL for detection of serum levels of
fucosylated haptoglobin has shown that the serum levels of
AAL-reactive Hpt are higher in pancreatic cancer patients,
whereas those of PhoSL-reactive Hpt are higher in colorectal
cancer patients [21]. Hence, these lectins are of significance in
differentiating the increased fucosylation in different types of
cancer.

Table 3 Binding affinities of reported fucose specific lectins and CSL
towards fucose and its different linkages

Lectins Specificity of lectin

Fucose linkages L-Fucose

Lens culimaris agglutinin-A
(LCA)

α1-6 > α1-3 +

Aleuria aurantia lectin
(AAL)

α1-6 > α1-3 > α1-4 +

Aspergillus oryzae lectin
(AOL),

α1-6> > α1-3 > α1-4 > α1-2 +

Rhizopus stolonifer lectin
(RSL)

α1-6 > α1-3 > α1-4 > α1-2 +

Ulex europeus agglutinin
(UEA)

α1-2 +

Pholiota squarrosa lectin
(PhoSL)

α1-6 −

Cephalosporium curvulum
lectin (CSL)

α1-6 −
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Compared to these fucose specific lectins, CSL has shown
exclusive specificity towards the core fucosylated (α1-6) N-
glycans. CSL and PhoSL appear to have similar glycan spec-
ificity towards the core fucosylated glycans, which strengthens
the potential of CSL to be developed as a diagnostic tool. It is
known that trimannosyl pentasaccharide fucosylated core rec-
ognized by CSL is expressed in most of the gastrointestinal
cancer markers. The exquisite affinity of CSL towards such
glycans makes it an important promising molecule that needs
to be further explored for its application in the diagnosis of
gastrointestinal cancer.

It is surprising to note that there are three glycans with
core fucosylation and trimannosyl core (Glycan# 500,
501, 416) which have shown reduced affinity for CSL.
Glycan# 500 and 501 (RFU -1 and −2, respectively), are
the complex bisecting N-glycans with bulkier side chains,
which are not recognized by CSL in spite of core
fucosylation. Possibly the hindrance is created due to the
bulkier side chains, which may have influenced the bind-
ing of CSL. Glycan# 416 (RFU-11) is a core fucosylated
glycan with the side chain fucose on the GlcNAc residue
through α1-3 linkage. The binding affinity of CSL to this
glycan is greatly reduced in spite of almost all the re-
quired glycan structure for CSL binding. The ambiguity
observed for this glycan is yet to be addressed.

In conclusion, CSL has shown specific binding affinity to-
wards the trimannosyl pentasaccharide fucosylated core, which
is expressed on many cancer specific markers. CSL does not
recognize any of the monosaccharides or O-glycans tested in
the glycan array. The exquisite affinity of CSL towards such
glycans makes it an important promisingmolecule that needs to
be further explored in identifying the cancer specific markers
with core fucosylation for its possible clinical application.
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