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Abstract. Changes in protein glycosylation have been reported
in various types of cancer, including cholangiocarcinoma
(CCA). Nanospray ionization-linear ion trap mass spectrometry
(NSI-MS”") was used in the present study to determine the
comparative structural glycomics of the N-linked glycans
in the serum of patients with CCA compared with healthy
controls. A total of 5 high-mannose and 4 complex N-linked
glycans were detected. Mannose,-N-acetyl-glucosamine,
was the most abundant structure among the high-mannose
types (control 12.12+2.54 vs. CCA 9.27+2.66%), whereas
NeuAc2H2N2M3N2 predominated the complex types (control
61.17+2.55vs. CCA 64.68+4.23%). The expression of 3 different
N-glycans differed significantly between the CCA cases and
controls. These included mannose,-N-acetyl-glucosamine,
(P=0.044), mannose,-N-acetyl-glucosamine, (P=0.030)
and NeuAc3H3N3M3N2F (P=0.002). These three glycan
structures may therefore be associated with tumor progression
in CCA and may be useful for its diagnosis.

Introduction

Cholangiocarcinoma (CCA), a cancer of the bile duct, is a
major health problem in Northeastern Thailand and Southeast
Asia. It is associated with infestation by the liver fluke
Opisthorchis viverrini (1). The incidence of CCA is high in
East and Southeast Asia and its incidence is also increasing in
England, the USA and Australia (2,3). Diagnoses of CCA are
usually made when the disease is advanced or disseminated,
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high-mannose N-glycans,

meaning that the prognosis of patients is poor; therefore, novel
target biomarkers are required to enable early diagnosis of
CCA, as well as increase the therapeutic efficacy of treatments
for CCA.

Protein glycosylation is the most common post-transla-
tional modification that occurs in human proteins (4,5). It
is important in cell and tissue development, host-pathogen
interactions, inflammation and malignancy (6). Alterations in
protein glycosylation have been reported in various diseases,
including different types of cancer (7). Identifying altered
cancer-associated glycoproteins may facilitate the development
of potential biomarkers of cancer or novel targets for treatment.

A number of in vitro and in vivo molecular studies
investigating glycoproteins in CCA have been performed. It
has been demonstrated that the expression of sialyl-Lewis®
in the tissues of patients with CCA is associated with poor
prognosis (8). Furthermore, a study using monoclonal anti-
bodies against serum glycoprotein mucin SAC revealed that
levels of serum glycan epitope (S121) are associated with
patient prognosis and is specific to CCA (9). This asso-
ciation was investigated further in an animal model. It was
demonstrated that the glycan epitope (S121) was expressed in
the cytoplasm and apical surface of biliary cells during the
early stages of tumor development, and that this expression
increased further with tumor progression (10). Immunohisto-
chemical studies have revealed that N-acetylglucosamine
(GlcNAc) (11) and O-GIcNAc transferase are overexpressed
in CCA (12). Furthermore, the results of ELISA performed
on the serum of patients with CCA revealed that the
association between glycan epitope CA-S27 and patient
prognosis is specific to CCA and may have immunodiagnostic
value (13).

It has been demonstrated that the lectin microarray-based
sero-biomarker is able to detect O-linked glycosylation in
CCA (14). Furthermore, using different CCA cell lines, it has
been revealed that different histological types of CCA exhibit
differential expression levels of O-glycans (15). In-depth
characterization of the glycans expressed in the serum of
patients with CCA may facilitate the identification of potential
CCA biomarkers.
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The present study assessed the structural glycomics of
N-glycans in the serum of patients with CCA compared
with healthy controls. Three candidate glycan markers were
proposed and it was hypothesized that these specific glycans
may aid in the development of diagnostic and/or therapeutic
markers of CCA.

Patients and methods

Reagents. Sodium borohydride and sodium hydroxide were
purchased from Sigma-Aldrich; Merck KGaA (Darmstadt,
Germany). Fetuin glycoprotein standard was obtained from
Sigma-Aldrich; Merck KGaA. D-galactose, D-mannose and
N-acetyl-D-glucosamine were obtained from EMD Millipore
(Billerica, MA, USA).

Patients with CCA and healthy controls. A total of 8 serum
samples from patients with CCA (mean age, 60.25+9.59;
3 females and 5 males) and 4 samples from healthy controls
(mean age, 41.75+16.88; 3 females and 1 male) were obtained
from participants recruited between January 2014 and May 2014
in the Liver Fluke and Cholangiocarcinoma Research Center,
Faculty of Medicine, Khon Kaen University (Khon Kaen,
Thailand). Patients were enrolled in the study if they had been
diagnosed with intrahepatic CCA and had no apparent chronic
inflammatory diseases, including diabetes mellitus or rheuma-
toid arthritis. The Ethics Committee of Khon Kaen University
reviewed and approved the study protocol (registration number
HES521209) and patients provided informed consent for the
use of their material in the present study. Through peripheral
venipuncture, a single blood sample was drawn into a 10 ml
BD Vacutainer sterile vacuum tube (BD Biosciences, Franklin
Lakes, NJ, USA) in the absence of anticoagulant. Blood was
immediately centrifuged at 1,000 x g for 10 min at room
temperature. The serum supernatant was collected and centri-
fuged at 2,500 x g for 10 min at room temperature. Following
liquidation, serum was maintained at -80°C until use.

Preparation of protein powder from the serum of patients
with CCA and healthy controls. Preparation of protein powder
from the serum of patients with CCA and healthy controls
was performed following a previously described protocol (16).
Briefly, 50 ul serum obtained from patients with CCA and
healthy controls were dissolved on ice in cold 50% methanol.
The serum mixture was then extracted in a 4:8:3 ratio of chloro-
form to methanol to water for 2 h at room temperature. Extracts
were centrifuged at 2,500 x g for 15 min at room temperature.
The resulting pellets were then dried under nitrogen and stored
at -20°C until further use.

Preparation of glycopeptides and release of N-glycans.
The preparation of glycopeptides and release of N-glycans
was performed as previously described (16). Briefly, I mg
protein powder from the serum of patients with CCA and
healthy controls was digested with trypsin and chymotrypsin
for 18 h at 37°C in 0.1 M Tris-HCI (pH 8.2) containing
1 mM CacCl,. Digestion products were enriched and freed
of contaminants using a 1 ml Sep-Pak C18 cartridge column
(Waters Corporation, Milford, MA, USA), as described by
Aoki et al (17). Glycopeptides were then digested with 2 ul
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peptide N-glycosidase F (7.5 U/ml, New England BioLabs,
Inc., Ipswich, MA, USA) in 50 1 20 mM sodium phosphate
buffer (pH 7.5) for 18 h at 37°C. Released glycans were sepa-
rated from peptides and enzymes by passing through a 1 ml
Sep-Pak C18 cartridge high-performance liquid chromatog-
raphy column.

Permethylation of glycans. Released glycan mixtures were
permethylated as described by Anumula and Taylor (18). Briefly,
released glycan mixtures were permethylated under water-free
conditions using 500 x1 DMSO, 10 yg NaOH and 200 ul
methyliodide (all Sigma-Aldrich; Merck KGaA) for 30 min at
room temperature. Permethylated glycans were then extracted
with dichloromethane and dried under a stream of nitrogen.

Nanospray ionization-linear ion trap mass spectrometry
(NSI-MS"). NSI-MS" was performed as described by
Aoki et al (17). Briefly, permethylated glycans were dissolved
in I mM NaOH in 50% methanol and infused directly into a
linear ion trap mass spectrometer (LTQ Orbitrap Discovery;
Thermo Fisher Scientific, Inc., Waltham, MA, USA) using a
Thermo Fisher Scientific™ nanospray ion source (Thermo
Fisher Scientific, Inc.). MS analysis was performed in a
positive ion mode and MS/MS spectra (at 28% collision
energy) were obtained using the total ion mapping function
of the Xcalibur software (version 2; Thermo Fisher Scientific,
Inc.). The fragmentation derived from the MS/MS spectra was
identified using the nomenclature described by Domon and
Costello (19).

Glycomic analysis of N-glycans in the serum of patients
with CCA and healthy controls. The expression of glycans
from the serum of patients with CCA and healthy controls
were qualitatively and quantitatively compared. The glycans
from these sera were enzymatically released, purified and
analyzed in their permethylated forms using positive ion
NSI-MS/MS. Identification of the glycan structures was based
on the i) NSI-MS parent mass ion; ii) NSI-MS/MS fragmen-
tation ion; and iii) similarity to known glycan structures
and known biosynthetic limitations. The prevalence of each
individual glycan (percentage total profile) in each profile was
quantified by comparing its signal intensity to the sum of the
signal intensities for all identified glycans.

Statistical analysis. The respective prevalence of glycans
(percentage total profile) in the sera of patients with
CCA vs. healthy controls was reported as the mean + standard
deviation. The difference in the expression between groups
was analyzed using the independent t-test. Cross-tabulations
were analyzed using the ¥’ test to determine the association
between N-glycan expression and the clinicopathological
features of CCA. All analyses were performed using SPSS
statistical software (version 19.0; SPSS, Inc., Chicago, IL,
USA) and P<0.05 was considered to indicate a statistically
significant difference.

Results

Structural characterization of N-glycans in the serum from
patients with CCA and healthy controls. The N-glycan
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Table I. Characteristics and prevalence of N-linked glycans in the serum of patients with CCA compared with healthy controls.

Structure Group Number Relative abundance, % P-value

M5N2 N 4 2.45+0.24 0.247
T 8 2.19+0.39

NeuAclH2N2M3N2 N 4 14.21+2.18 0.248
T 8 12.58+2.17

MO6N2 N 4 3.13+0.56 0.044*
T 8 3.91+0.55

NeuAc2H2N2M3N2 N 4 61.17+£2.55 0.162
T 8 64.68+4.23

M7N2 N 4 12.12+2.54 0.106
T 8 9.27+2.66

NeuAc2H2N3M3N2F N 4 3.99+0.50 0.554
T 8 3.53+1.45

MS8N2 N 4 0.89+0.36 0.168
T 8 0.66+0.20

MON2 N 4 1.21£0.25 0.030*
T 8 0.84+0.24

NeuAc3H3N3M3N2F N 4 0.80+0.30 0.002*
T 8 2.36+0.68

The prevalence of each indicated glycan is expressed as a percentage of the total pool of detected glycans (% total profile, mean + standard
deviation). *P<0.05 vs. N. N, healthy sera; T, CCA sera; CCA, cholangiocarcinoma.
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Figure 1. MS spectra of permethylated N-linked glycans in the serum of patients with CCA compared with healthy controls, as detected using NSI-MS.
Glycans released from the serum of patients with CCA and healthy controls were permethylated and analyzed. MS spectra present the predominance of the
complex type and high-mannose type oligosaccharides in (A) healthy sera vs. (B) CCA sera. The glycan profiles (A vs. B) demonstrate similar glycan patterns,
but they differ in their relative quantities. Glycans were detected as doubly [2+] and triply charged species [3+]. The graphical representation of monosac-
charide residues are defined in the figure and are consistent with the suggested nomenclature of the Consortium for Functional Glycomics (http://glycomics.
scripps.edu/CFGnomenclature.pdf). MS, mass spectrometry; CCA, cholangiocarcinoma; NSI-MS, nanospray ionization-linear ion trap mass spectrometry;
m/z, mass/charge ratio; Glc, N-acetylglucosamine.
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Figure 2. Representative MS/MS spectra of permethylated N-linked glycans from the sera of patients with cholangiocarcinoma. Fragmentation of
(A) parent ion at m/z=904>* of high-mannose type structure and (B) parent ion at m/z=1276°" of complex type structure are depicted. The parent ion at
m/z=904% (structure 3) fragments in MS? to give m/z=765>* (loss of reducing end GlcNAc; Am/z=139**) and m/z=795* (loss of terminal man; Am/z=109%*).
The parent ion at m/z=1276% (structure 9) fragments in MS? to give m/z=1105** and 1025** [loss of terminal NeuAc (first) and NeuAc (second) respec-
tively; Am/z=125*] and m/z=398 (terminal NeuAc with Na*). MS, mass spectrometry; m/z, mass/charge ratio; GlcNAc, N-acetylglucosamine; NeuAc,

N-acetylneuraminic acid.

profiles in the serum of patients with CCA and healthy
controls are presented in Fig. 1. N-glycans were assigned
as high-mannose (M;,N,; Structures 1, 3, 5, 7 and 8) or
complex types (NeuAc,;Hex, ;HexNAc,; + M3N2F _;
Structures 2, 4, 6 and 9). High-mannose N-glycans were
detected from M5N2-MO9N2. Complex N-glycans were
detected as bi-and tri-antennary structures with the terminal
galactose and sialic acid (N-acetylneuraminic acid; NeuAc).
A summary of N-glycan structures in the sera of patients
with CCA and healthy controls, and their relative abundance
is presented in Table I. The representative fragmentation
of the high-mannose type and complex type N-glycans are
presented in Fig. 2.

Altered expression of N-glycan structures in serum from
patients with CCA compared with healthy controls. N-glycans
in the serum of patients with CCA and healthy controls
were qualitatively and quantitatively assessed using positive
ion NSI-MS/MS (Table I). The detected N-glycans were
high-mannose-and complex types (bi-and tri-antennary struc-
tures) with the terminal galactose and sialic acid (NeuAc). The
expression of the high-mannose type N-glycan, M6N2 (struc-
ture 3) and the complex tri-antennary N-glycan containing a
core fucose and terminal tri-sialic acid, NeuAc3H3N3M3N2F
(structure 9), were significantly increased in the serum of
patients with CCA compared with healthy controls (P=0.044
and P=0.002, respectively). By contrast, the expression of the
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Table II. Association between N-linked glycan expression and the clinicopathological features of patients with CCA.

NeuAc3H3N3M3N2F
MO6N?2 expression MOIN?2 expression expression
Variable Low High P-value Low High P-value Low High P-value
Age, years
<60 1 3 0.028* 3 0.157 0 4 0.005*
=60 4 0 1 4 0
Sex
Male 3 2 0.850 3 0.465 3 2 0.465
Female 2 1 1 1 2
Histological type
Papillary 2 0 0.206 1 1.000 2 0 0.102
Non-papillary 3 3 3 2 4
Stage
I 2 1 0.850 1 0.465 2 1 0.465
v 3 2 3 2 3
Lymphatic Invasion
Present 3 1 0.465 2 1.000 2 2 1.000
Absent 2 2 2 2 2
Vascular Invasion
Present 2 0 0.206 0 0.102 2 0 0.102
Absent 3 3 4 2 4

n=8; “P<0.05 vs. low expression. CCA, cholangiocarcinoma.

high-mannose N-glycan MON2 (structure 8) was significantly
decreased in patients with CCA compared with healthy
controls (P=0.030).

Serum N-glycan expression and clinicopathological features
of CCA. The association between the expression of the three
differentially expressed N-glycans in the serum of patients
with CCA and clinicopathological features of CCA were quan-
titatively analyzed. High expression of MON2 (structure 3) and
NeuAc3H3N3M3N2F (structure 9) were associated with an age
<60 years (P=0.028 and P=0.005, respectively). However, there
were no significant associations between MON2 (Structure 8)
expression and patient age, sex, histological type, tumor stage,
vascular or lymphatic invasion (Table II).

Discussion

Aberrant protein glycosylation has been reported in various
diseases, including cancer, and certain glycan structures are
well-known tumor markers. The present study demonstrated
the comparative structural glycomics of the N-glycans in the
serum from patients with CCA compared with healthy controls
using MS.

The expression of 3 N-glycans, including M6N2
(structure 3; P=0.044), MON2 (structure 8, P=0.030) and
NeuAc3H3N3M3N2F (structure 9; P=0.002), differed
significantly between the 4 controls and 8 patients with CCA.
The expression of M6N2 and NeuAc3H3N3M3N2F were

significantly increased in the serum of patients with CCA,
whereas MIN2 expression was significantly decreased. The
increased expression of high-mannose N-glycans in patients
with CCA is consistent with the results of previous studies
investigating N-glycan expression in different types of
cancer, including breast (20,21) and colorectal cancer (22).
The increased expression of M6N2 high-mannose structures
indicates an incomplete maturation of the N-glycans in the
glycosylation process and an association with CCA tumor
progression.

The significant increase of core fucosylated tri-antennary
N-glycans (NeuAc3H3N3M3N2F; structure 9) in the serum
of patients with CCA may be an example of the alteration to
the glycomic profile observed in different types of cancer,
including breast cancer (20), colorectal cancer (22), hepatocel-
lular carcinoma (23) and ovarian cancer (24). Furthermore,
core fucosylation has been identified as an important feature
in tumor progression and is associated with increased cancer
metastasis (25). Tri-antennary N-glycans and core fucose
structures have been associated with cancer metastasis and
serve as a useful tumor biomarker (26); This suggests that
these N-glycans may be associated with tumor progression in
patients with CCA.

MON2 was significantly decreased in CCA, indicating an
increase in the glycosylation process that decreases MON2
expression to produce complex and hybrid oligosaccharides
in CCA. Decreased levels of high-mannose type of N-glycans
have been detected in ovarian (27) and gastric cancer (28).
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Furthermore, the alteration of high-mannose glycans,
M6N2 and MON2, may be due to a more complex process
that occurs during biosynthetic machinery, involving CCA
glycosylation.

Based on the glycan structural analysis, the changes
in glycan expression that occur during CCA may reflect
specific changes that occur in glycosyltransferase expression.
The increase of tri-antennary structures may be attributed
to the altered expression of glycosyltransferases, including
N-acetylglucosaminyltransferase (GnT)-III, -IV and-V. GnT-V
is markedly associated with cancer metastasis, whereas GnT-111
is associated with cancer suppression (26). The abundance
of terminal sialic acid (NeuAc) in CCA may be attributed
to the dominant activity of sialyltransferases, including ST3
[(-galactoside a-2,3-sialyltransferase 3 and ST6 (3-galactoside
a-2,6-sialyltransferase, that represent the majority of glycos-
yltransferases in CCA and may serve a pivotal role in cancer
progression (29).

The present study identified an association between
N-glycan expression and age in patients with CCA. The
increased expression of MON2 and NeuAc3H3N3M3N2F
is associated with an age of <60 years old in patients with
CCA. Age-related changes in the expression of human serum
N-glycans have been reported in European (30) and Chinese
patients (31). CCA is rarely diagnosed in patients <40 years
old; changes in the expression of N-glycans in the serum of
patients with CCA may occur due to tumorigenicity and aging.

In conclusion, the altered expression of N-glycans in
the serum of patients with CCA indicate that they serve an
important role in tumor growth and progression. MON2 and
NeuAc3H3N3M3N2F, which exhibit significantly increased
expression in the serum of patients with CCA, may therefore
be potentially promising biomarkers for CCA.
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