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Abstract

AIM: To evaluate the qualitative and quantitative
changes in N-linked glycosylation, which occurred
in association with diethyl nitrosamine-induced
hepatocellular carcinoma (HCC) in rodents.

METHODS: Liver tissues of (1) normal (non-tumor-
bearing) rats; and (2) tumor-bearing rats; were collected
and were used for histological and GlycanMap® analyses.
Briefly, GlycanMap® analysis is a high-throughput
assay that provides a structural and quantitative
readout of protein-associated glycans using a unique,
automated 96-well assay technology coupled to
matrix-assisted laser desorption/ionization time-of-
flight mass spectrometry and custom bioinformatics.
Histopathological studies were carried out to ensure the
development of HCC in the tested animals.

RESULTS: The N-glycomic analysis revealed 5
glycans; GlciMansGIcNAc2, GalMansGIcNacsFuc:Neus,
MansGlcNacz, Gal:MansGlcNacsNeusOAcs, and
MansGlcNacsFuci, which showed significant changes
in rat HCC tissues when compared with normal liver
tissues. Four glycans were increased (P < 0.05) and
GlciMansGIcNAc: was decreased (5.89 + 0.45 vs 3.54
+ 0.21, P < 0.01) in HCC tissues compared to normal
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liver tissues. An increase (66.5 £ 1.05 vs 62.7 £ 1.1,
P < 0.05) in high-mannose structures in HCC rats was
observed compared to normal rats. Importantly, HCC
rats showed an increase (P < 0.05) in both tumor-
associated carbohydrates and in branched glycans. The
changes in glycans correlated well with glycan flow
changes reported in the glycan biosynthetic pathway,
which indicates the importance of enzyme activities
involved in glycan synthesis at different subcellular
localizations.

CONCLUSION: The reported HCC-associated changes
in glycan flow and subcellular localization explain the
increase in high mannose glycans and siayl Lewis
glycans common in HCC liver tissues.

Key words: Matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry; Hepatocellular
carcinoma; Glycomics; Biosynthetic pathways

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatocellular carcinoma (HCC) is a leading
cause of cancer death worldwide, yet it is still poorly
diagnosed. Glycans are emerging as sensitive and
simple biomarkers of various malignant diseases.
Utilizing the cutting-edge N-glycomic analysis, we
identified 5 glycans that were significantly different
between normal and tumor-bearing rats. An increase
in high-mannose structures in HCC rats was observed
compared to normal rats. HCC rats showed an increase
in both tumor-associated carbohydrates and branched
glycans. The changes in glycans correlated with glycan
flow changes reported in the glycan biosynthetic
pathway, which indicates the importance of enzyme
activities involved in glycan synthesis at different
subcellular localizations.
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INTRODUCTION

Glycosylation is an important post-transcriptional
modification with over 50% of total proteins being
glycosylated™. Glycosylation is crucial for cellular
interaction; therefore, cancer involves noticeable
changes in glycan biosynthesis. Thus, protein
glycosylation (N- and O- glycosylation) is sensitive to
environmental changes and is commonly disrupted in
various diseases such as cancer’®*. Altered N-glycans
and O-glycans may result from changes in the
expression levels of glycan synthetic enzymes or from
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disruption of the biosynthetic pathway such as the ER-
Golgi chain®™!. These changes can provide valuable
insights into cancer development and its progression,
and these altered glycosyl epitopes are classified as
tumor-associated carbohydrate (TAC) antigens. Some
of those TAC antigens are already in clinical use for
the diagnosis and monitoring of cancers®®®. Recent
technological advancements in the area of glycan
isolation and characterization has turned glycomics
into a new potential tool for cancer prognosis and
treatment.

Since the beginning of the glycomics era, liver
diseases such as fibrosis, cirrhosis and hepatocellular
carcinoma (HCC) have been the prime targets in many
investigations'®**!, That trend was mainly driven by
the lack of reliable diagnostic biomarkers of HCC.
Many studies have shown that the serum N-glycan
profile is a non-invasive marker for liver diseases
such as HCC"***"1, Serum N-linked glycoproteins are
mainly produced in the liver and by B-lymphocytes,
thus changes in the serum N-glycan profile reflect the
physiology of liver and/or B-cells™?, Various studies
have shown significant changes in total N-glycan levels
in the serum of HCC patients, thereby demonstrating
the potential of glycans and glycome profiles as
efficient biomarkers of HCC'*®**), Alpha fetoprotein
(AFP) is the only known biomarker used for HCC. AFP
levels remain unchanged during the onset of HCC,
which makes its application as a differential diagnostic
marker of other liver diseases unreliable®®?"!, The
glycosylated form of AFP, AFP-L3, was proposed as
new tumor marker and was approved by the FDA
in 2006, for the early detection of primary HCC??,
Studies also showed an increase in the fucosylated
glycans in HCC patients compared to patients with
chronic liver diseases™*. However, there was no
such increase in fucosylation in the liver tissues of HCC
patients when compared with normal tissues, signifying
the importance of glycan analyses in cancer tissues
along with serum!®!. The serum profile of diethyl
nitrosamine (DEN)-induced HCC has been investigated
for new biomarkers®®!. The present study focuses on
the analysis of N-glycan changes in DEN-induced HCC
liver tissues. The glycan profiles of liver lysates from
tumor-bearing rats and normal rats were analyzed using
the Ezose GlycanMap® platform to identify changes in
the N-glycans of liver tissues in a HCC rodent model.
Changes in N-glycan levels in the liver tissues could
identify novel alterations in N-glycan profiles that are
highly specific to HCC and its progression. A glycomic
marker in rat livers may also be useful for screening
drugs in this DEN-HCC rat model.

MATERIALS AND METHODS

Animal care and use statement
Adult male albino rats, Wistar strain, (150-200 g) were
obtained from the Animal House, UAE University, UAE.
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They were maintained on a standard pellet diet and
tap water ad libitum and were kept in polycarbonate
cages with wood chip bedding under a 12 h light/dark
cycle at room temperature (22 ‘C-24 C). The rats were
acclimatized to the environment for two-weeks prior
to experimental use. This study was approved by the
Animal Research Ethics Committee, UAE University.

Hepatocarcinogenesis model

Hepatocarcinogenesis was initiated by DEN and
promoted by 2-Acetylaminofluorene (AAF) as
described by Espandiari et a*”* and modified by Amin
et al®®, Briefly, as a mitotic proliferative stimuli, 4-d
fasted rats were re-fed and the following day the rats
were injected once intraperitoneally with DEN at 200
mg/kg b.wt., dissolved in saline. Two weeks post-DEN
treatment, the rats received 6 daily intragastric doses
of 2-AAF (30 mg/kg in 1% Tween 80) to promote liver
cancer.

Treatment regime

The rats were divided into 2 groups (7 animals per
group) as follows: Group 1 (normal): Rats were
administered water at 5 mL/kg b.wt throughout
the experimental period and were injected with one
dose of saline. In Group 2 (tumor-bearing or HCC):
Hepatocarcinogenesis was developed as detailed
earlier. Group 1 was treated with an equal volume of
vehicle. After 22 wk of DEN administration, all animals
were anesthetized 24 h after the last treatment.
Following anesthesia, liver samples were dissected out.

Histology and immunohistochemistry

Diethylether-anesthetized rats were sacrificed and
the livers excised. Samples of the right, left and
caudate liver lobes were immediately fixed in 10%
buffered formalin for histopathological examination.
The remaining liver was frozen in liquid nitrogen and
stored at -80 C. Histological sections were embedded
in paraffin after being dehydrated in ethanol. Five-
micrometer sections were mounted onto slides, stained
with Hematoxylin and Eosin and then examined under
an Olympus DP71-light microscope.

For the immunohistochemistry assay, mounted
sections were immersed in sodium citrate buffer (0.1
mol/L, pH 6) and placed in a water bath for 15 min
to unmask antigen epitopes. To prevent nonspecific
binding to endogenous peroxidase, the sections
were incubated with 0.3% H20: (Sigma Chemical
Co., United States) in methanol. Anti-GST-p (Medical
and Biological Laboratories Co., Tokyo, Japan) was
incubated with the slides overnight at 4 ‘C. The slides
were then washed with PBS and incubated with
secondary antibody, polyvalent biotinylated goat-
anti-rabbit antibody, for 10 min at room temperature
(1:200 dilution). The universal LSAB kit and DAB plus
substrate kit were both used to perform a standard
staining protocol and additional counter-staining was

Raishidenge ~ WJG | www.wjgnet.com

Amin A et a/. Glycan profiling in induced-HCC liver

performed using hematoxylin. Slides were mounted
and observed under an optical microscope (Olympus
DP71), and tissue micrographs were obtained. In
individual samples, ten fields were randomly selected
to quantify positive cells (400 x). A color image
processor was used to count GST-p foci for more than
15 cells.

Glycomic analysis

Sample preparation: Liver tissue was collected from
normal and tumor-bearing rats. The liver tissues were
lysed in 50 mmol/L Tris-acetate, pH 7.4, containing
1% sodium dodecyl sulfate, 5 mmol/L EDTA, and
0.15 mmol/L NaCl followed by homogenization with a
Polytron homogenizer. Homogenates were centrifuged
to extract soluble materials, and 1/10 vol of 20%
Triton X-100 was added. The extracts were dialyzed
against 20 mmol/L ammonium bicarbonate for 48 h
at 4 C. After the dialysis, the recovered solution was
lyophilized using a SpeedVac concentrator. Residual
materials were reconstituted in 50 mmol/L ammonium
bicarbonate and frozen until used.

N-linked glycan isolation and purification: The
protein concentrations were normalized to 1 mg/
mL and each sample was analyzed in duplicate to
quantitate N-linked glycans using Ezose Sciences’
proprietary GlycanMap® methodology reported by
Nishimura, Furukawa and Miura?", Aliquots of
each sample were spiked with internal standards to
aid quantification. The aliquots were denatured and
then trypsinized, followed by heat-inactivation. The
N-glycans were then enzymatically released from the
peptides by treating with PNGase F (New England
Biolabs) and the released glycans were subjected to
solid-phase processing using chemo-selective beads.
After being captured on the beads, the sialic acid
residues were methyl esterified to stabilize them in the
mass spectrometer. The glycans were simultaneously
released from the beads and labeled, and aliquots of
the recovered materials were spotted onto a MALDI
target plate. Utilizing a fully automated, 96-well
format, robotic technology, steps from initial aliquoting
to spotting on the MALDI plate were performed.

Mass spectrometric analysis: MALDI-TOF MS
analysis was performed on an Ultraflex I mass
spectrometer (Bruker Daltonics) in the positive-
ion, reflectron mode using a proprietary matrix
composition. From the bead-based processing step,
samples were spotted in quadruplicate, and spectra
were obtained in an automated manner using the
AutoXecute feature in flexControl software (Bruker
Daltonics). Mass spectra were analyzed using Ezose’s
proprietary bioinformatics programs (Figure 1A).

Quantification using internal standard: Raw
mass spectra were smoothed and baseline subtracted
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Figure 1 GlycanMap workflow. A: Workflow; B: Glycan profile in rat liver lysates. The spectrum was generated from sample N5 and is representative of the N-glycan
profile in rat liver lysates. Taking advantage of the symbol nomenclature of the Consortium for Functional Glycomics, selected peaks were labeled with the proposed
glycan structures. All spectra were collected on a MALDI-TOF mass spectrometer in reflection mode, which yields high mass accuracy and isotopic resolution for more
accurate glycan identification. Glycans were quantified by comparing the peak intensity of each glycan-derived peak to those of the internal standards (IS). The liver

lysates also contained varying amounts of glycogen (G).

prior to peak detection. Glycan compositions were
assigned to each peak based on m/z. The intensities
were normalized to that of an internal standard with
known concentration. The normalized intensities from
each of the quadruplicate spectra were averaged.
Data were also corrected for the inherent decrease in
peak intensity as m/z increases in mass spectrometric
measurements, yielding absolute concentrations (in

Baishidenge ~ WJG | www.wjgnet.com

6170

nmol/ug protein) that are equivalent to those created
by HPLC/fluorescent glycan analysis methods. Glycan
amounts were calculated by comparing peak heights
to those of the internal standards. Glycan amounts
were compared between treatment groups.

Statistical analysis
Data was analyzed by GraphPad Prism 6. Analysis of
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Mannose trimming

SOTTTESIROT

X umol/L Y umol/L

Glycan flow = Y/(X +Y)

Figure 2 Example of a glycomics analysis of an individual biosynthetic
step in the mannose trimming pathway.

differences between the means of the tumor-bearing
and control groups was performed using the Student’s
t-test.

The glycan flow was calculated by comparing
the concentration of product glycan (Y) to the total
concentration of product and substrate glycan (X + Y)
as described below. An example of a glycomics analysis
of an individual biosynthetic step in the mannose
trimming pathways is shown below (Figure 2).

The statistical significance of differences in the
glycan flow was evaluated using the Student t-test.
Glycan changes that yielded P values < 0.05 in this
analysis were considered significant. The statistical
analysis was carried out by Asma Bashir from UAE
University.

RESULTS

DEN-induced foci of altered hepatocyte formation and
GST-p expression

HCC was induced by DEN-2AAF, and HCC induction
in the rat model was verified by assessing serum
AFP (data not shown) as reported previously™. The
histological examination was carried out to assess
HCC induction. Hepatic nodules were evident only in
animals treated with DEN-2AAF, but not in normal
rats (Figure 3). These nodules represent the classical
foci of altered hepatocytes and are made up of
big and irregularly shaped hepatocytes with large
hyperchromatic nuclei. As induced GST-p is normally
considered an early biomarker of hepatocarcinogenesis,
GST-p foci larger than 15 cells were examined using
a color image processor. The GST-p positive foci were
significantly increased in animals treated with DEN-
2AAF. Histological examination provided evidence of
successful tumor development in DEN-induced HCC
rats.

Glycan analysis

The Ezose Science proprietary GlycanMap® metho-
dology (Figure 1A) was utilized to quantify N-linked
glycans. This technique was previously developed by
Nishimura, Furukawa and Miura™>", Repeatability
of the assay was evaluated using a standard human
serum sample. Five aliquots of the standard were
analyzed in parallel with the individual rat liver
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lysate samples and used to evaluate repeatability.
Coefficients of variation (CVs) for individual glycans
ranged from 7.5% to 24.8%, with a pooled CV of
14.8%. An overview of the N-glycan profile in rat
liver is shown in Figure 1B. In total, 29 glycans were
detected in our study, Figure 3A represents the overall
profile of N-glycans analyzed. The glycan structure and
the code used are shown in Figure 4.

HCC is associated with glycan level changes

Twenty nine glycans were detected and the changes in
these glycans were analyzed. Glycans; GlciMansGIcNAc2
(code: 102000), Gal=MansGlcNacsFuc:Neu: (code:
54110), MansGlcNacz (code: 42000), Gal2MansGlcNacs-
NeusOAcs (code: 54033), and MansGlcNacsFuc:, (code:
35000) showed significant changes in rat HCC liver
tissues when compared with normal liver tissues. Four
were increased and one was decreased in HCC rats
compared to normal rats (Figure 5).

Differential effects of HCC on glycans

The glycans detected can be classified into three
categories including high mannose (simple mannose
chains), hybrid (with fucosylation and sialylation) and
complex (with complex branching structures) (Figure
6A). High mannose glycans, with the exception of
Mans (Mans, Manz, Mans and Manio) were elevated (P
< 0.05) in tumor-bearing rats compared to normal rats
(Figure 6B). A non-significant decrease in fucosylated
and sialylated glycans in HCC liver tissues was seen.
However, a significant increase (P < 0.05) in sialyl-
Lewis glycans (i.e., with fucose, galactose and sialyl
groups) and O-acetylated glycans was seen in HCC
liver tissues.

Glycan fluctuations are correlated with their subcellular
localization

Analysis of core glycans based on the subcellular
compartment/s in which they are synthesized, was
useful. Glycans synthesized in ER, cis- and trans-
Golgi were all increased in HCC tissues compared to
normal liver tissues. Although not all were significantly
increased, the overall trend was a higher level in HCC
tissues. The levels of glycans synthesized in medial-
Golgi did not appear to follow a trend (Figure 7C).

HCC alters the glycan flow

To correlate the alterations in N-glycans with the
enzymes involved in the biosynthetic pathway, the
glycan flow was analyzed based on the ratio of
adjacent glycans in the synthetic pathway. N-Glycans
are synthesized from GlcsMans in ER and Golgi via long
chain glycosyltransferases (GT) and glycosylhydrolases
(GH), and glycan flow is directly related to enzyme
activity involved in these reactions®®?, In our study,
the glycan flow was significantly decreased from
GlciMans to Mans (P < 0.005) (Figure 8A) explaining
the increase in glycan GlciMans levels (Figure 5A). A
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Figure 3 Diethyl nitrosamine-induced increase of foci in altered hepatocytes and induction of GST-p expression in liver. Representative images of
Hematoxylin and Eosin-stained liver sections from both studied groups: Normal (A), hepatocellular carcinoma (HCC) (B). Immunohistochemistry analysis of both

normal (C) and HCC (D) livers labeled with GST-p are shown.

decrease (P = 0.057) in glycan flow in other mannose
trimming reactions in the ER (from Mans to Mans)
was also observed. Glycan flow in cis-Golgi increased
in HCC rats compared to normal rats with Mans to
Man- flow increasing significantly (P < 0.05) (Figure
8B). The complex glycans synthesized in trans-Golgi
showed an increase in flow from MansGlcNacsFuc: to
GalMansGlcNacsFuciNeuz in trans-Golgi (Figure 8D).
This explains the increase in GalzMansGlcNacsFuciNeu:
(Figure 5) in HCC liver tissues, which is an interme-
diate glycan in the reaction of MansGlcNacsFuc: to
GalzMansGlcNacsFuciNeu:.

DISCUSSION

Glycosylation is sensitive to microenvironment
alterations and thus is involved directly in metastatic
diseases such as cancer. These changes in glycosylation
lead to the formation of tumor-specific glycans
which are now believed to play an important role as
biomarkers®**%. The relatively high stability of glycans
compared to other molecules (RNA and proteins)
along with the development of new techniques such
as MALDI-TOF and ESI profile have revolutionized
the field of glycan research. Interestingly, aberrant
glycosylation has been shown to develop before any
changes in apoptosis and cell differentiation associated
with cancer™,

High mannose glycans have been shown to be
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prevalent in HCC liver tissues compared to normal
liver tissues. One high mannose, Glc:MansGIcNAcz, was
significantly elevated in HCC rats compared to normal
rats in the present study (Figure 5). A similar increase
in high mannose glycans was reported in other
cancers®®*), High mannose glycans have also been
shown to increase in invasive and non-invasive breast
cancer cells compared to normal epithelial cells®**",
Another study showed up-regulation of high mannose
oligosaccharides on cell surface glycoproteins in cancer
cells compared to normal cells”®®. N-linked glycans
are constructed by a series of glycosyl transferases
both in the ER and Golgi stacks. The chain starts
with high mannose type glycans and then sequential
mannose removal and addition of N-acetylglucosamine
and glucose residues leads to the formation of
complex and hybrid glycans. Thus, high mannose
glycans may be increased (accumulated) if either the
mannose trimming enzyme is altered or downstream
processing events are terminated or abberated. ER
mannosidase I (ERManI), an ER-based mannosidase,
is responsible for a step-wise trimming of Man residues
transforming Mans to Mans”°, ERManI expression
has been shown to be aberrant in liver tissues of HCC
patients and in hepatoma cells lines”, which explains
the increase in glycan Glc:MansGIcNAc: (code: 102000)
in the present study (Figure 5). Studies have shown
that ERManI knockdown leads to accumulation of
Mans and Gal:Mans, and a decrease in Mans and Mans
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Codes used Glycan name Proposed structure
34000 MansGlcNacs ::?C%I—I

v
34100 MansGlcNacsFuct
35000 MansGlcNacs E;X}H
35100 MansGlcNacsFucs -%/\Gd
42000 MansGlcNacz O@_(;bﬂ
43010 GaliMansGlcNacsNeu: .—Q—.—(OY\D—H
44010 GaliMansGlcNacaNeu: .—O—::S>Q—H

v
44100 Gal:MansGlcNacsFuc:
45100 GaliMansGlcNacsFuct @E?;/\@.i
52000 MansGlcNac: 8?%.]
53010 Gal:Man4GlcNacsNeu: ._O_::gpﬂ
54010 Gal2MansGlcNacsNeu: ._i::(j{\o—.—.
54020 Gal2MansGlcNacsNeu2 m—“
54021 Gal:MansGIcNacsNeu20Ac: m—.—. + OAC
54030 Gal:MansGlcNacsNeus m—.—.
54032 GalMansGlcNacsNeusOAc: m—“ + 20Ac:
54033 GalzMansGIcNacaNeusOAcs mﬂ + 30Ac:
54110 GalMansGlcNacsFuciNeu: 0—3::2\/&}‘

v
54120 Gal-MansGlcNacsFuciNeu:

(@)

Galactose GalNAc Glucose GIcNAc

coned :

® O

Mannose Fucose Neu5Ac Neu5Gc

Glycan compositions are expressed as a five-digit code, which represents the number of hexoses (Gal, Man, or Glc),
N-acetylhexosamines (GIcNAc or GalNAc), deoxyhexoses (Fucose), N-acetylneuraminic (Neu5Ac) or O-acetates (OAc).
Proposed glycan structures were assigned based on molecular weight and literature precedent

Figure 4 This figure lists the glycan codes and proposed structures for all 29 glycans detected in this study.

compared to normal tissues™.

In liver cancer, induction of both a-1,6- and a-1,3-
linked fucosylation has been reported as the most
prominent serum N-glycosylation change associated
with that disease****), In the present investigation,
fucosylated or sialylated glycans did not increase in

JBaishideng® W]G I WWW.ngnet.COm

6173

HCC liver tissues compared to normal liver tissues,
consistent with a study performed on human liver
tissues of HCC patients'®!. However, there was an
increase in the relative abundance of sialyl Lewis
glycans (fucose, galactose and NeuAc groups) in DEN-
induced HCC. The sialyl-Lewis glycans are commonly
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The groups were compared by t-test and *P < 0.05 vs control n = 7.

abberated TAC in cancers***, One such glycan,

GalzMansGlcNacsFuciNeu: (code: 54110) was increased
in HCC rats compared to normal rats (Figure 5). TACs
are expressed both by tumor and host cells and are
involved in the key pathophysiological processes during
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the various steps of tumor progression, including
tumor growth, cell migration, invasion, metastasis,
angiogenesis, and evasion of innate immunity™®**>%,
TACs are studied extensively due to their potential as
specific tumor biomarkers.
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Branched glycans are synthesized by adding
antennae branching structures by glycotransferases
(GnT) such as N-acetylglucosaminyltransferase V
(GnT-V). GnT-V is the key enzyme that catalyzes the
formation of 1,6 N-acetylglucosamine (GIcNAc) and
adding it to a common core structure of MansGIcNAC:
in the medial-Golgi apparatus. One product of this
reaction is MansGlcNacs (code: 35000), which was
observed to be significantly increased in HCC rats
compared to normal rats (Figure 5). MansGlcNacs
is a branched glycan synthesized from MansGIcNAc:
by GnTs. Overexpression of GnTs is associated with
metastasis and their implication in HCC have already
been reported®™>?,

Sialylation, the addition of sialic acid moieties, is
an important modification of N-glycans that may alter
the physical properties of molecules in the plasma
membrane and may regulate immune cell function, as
well as serve as specific ligands for certain toxins and
lectins™***), Sialic acids e.g., N-acetylneuraminic acid
(Neu5Ac) are capping structures on the glycans and
may be further modified by various functional groups

Baishidenge ~ WJG | www.wjgnet.com

including acetyl, lactyl, methyl, sulfate, or phosphate
groups. One such glycan, Gal2MansGlcNacsNeusOAcs
(54033) with three o-acetyl groups was shown to
be significantly decreased in HCC rats compared to
normal rats (Figure 4). Changes in the O-acetyl group
are seen as irrelevant in terms of their role in disease
prognosis. Recently, however, O-acetlylated Neu5Ac
has been shown to contribute to drug resistance in
acute lymphoblastic leukemia cells and its removal
made the cells vulnerable to cytotoxic drugs®™®.
Subcellular localization and flow changes in N-linked
glycans showed that the processing starts in the
ER by sequential removal of glucose and mannose
from GlcsMansGIcNAc: which continues in the Golgi
complex. Mannose trimming is carried out by a series
of mannosidases and extension is performed in Golgi
by glycotransferases producing the complex-type
and hybrid type. This study showed that changes
in N-linked glycans followed a pattern depending
on subcellular localization (Figure 7), which can be
explained by the changes seen in glycan flow in the
N-glycan biosynthesis pathway (Figure 8). An increase
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in high mannose glycans (Figure 6A) correlates with
decreased glycan flow, showing significant ER stress
in HCC liver tissues. An increase in sialyl-Lewis com-
pared to fucosylated glycans (Figure 6C) can also be
explained by the increased glycan flow in trans-Golgi
which is the normal location for processing complex/
hybrid glycans. The glycan levels may not give a clear
indication of the disturbance in the synthesis pathway,
but it is clearly depicted by glycan flow. The glycan
flow clearly depicts the changes in enzymes involved
in N-glycan biosynthesis.

In conclusion, we conducted a detailed analysis
of N-glycans in HCC tissues compared to normal
liver tissues. Five glycans were significantly altered.
Together, the changes in glycan flow and subcellular
localization provide an explanation for the increase in
high mannose glycans and siayl Lewis glycans reported
in HCC tissues.
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COMMENTS

Background

Glycosylation is a crucial post-transcriptional modification of many proteins.
Protein glycosylation (N- and O- glycosylation) may result from disruption of the
biosynthetic pathway such as the ER-Golgi chain and is commonly disrupted in
various diseases such as cancer. Some tumor-associated carbohydrate (TAC)
antigens are already in clinical use for the diagnosis and monitoring of cancers.
Glycomics is a fast-growing recent technology that has been utilized as a new
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potential tool for cancer prognosis and treatment. The lack of reliable diagnostic
biomarkers has turned hepatocellular carcinoma (HCC) into the prime target
of many glycomic-based analyses. Numerous investigations have shown
significant changes in total N-glycan levels, including Alpha Fetoprotein (AFP),
in the serum of HCC patients, thereby demonstrating the potential of glycans
and the glycome profile as efficient biomarkers of HCC. As the only known
biomarker used for HCC, levels of AFP remain unchanged during the onset of
HCC, which makes its application as a differential diagnosis marker of other
liver diseases unreliable. Although fucosylated glycans have been shown to
increase in HCC patients compared to patients with chronic liver diseases, no
such increase was reported in the liver tissues of HCC patients when compared
with normal tissues. Therefore, glycan analyses of cancer tissues have become
a priority.

Research frontiers

In an attempt to utilize recent technology such as glycomics, the present
study focuses on the analysis of the N-glycan changes in chemically-induced
HCC liver tissues. Tissue glycan profiles were analyzed using the Ezose
GlycanMap® platform to identify changes in the N-glycans of liver tissues in a
HCC rodent model.

Innovations and breakthroughs

The fact that defective glycosylation normally develops prior to any changes in
apoptosis and cell differentiation associated with cancer has driven us to study
how glycans are synthesized in HCC livers. This study showed a significant
increase in the high mannose, GlciMansGIcNAc:. in HCC rats compared to
normal rats. As the increase of such high mannose glycans may result from
alterations in the mannose trimming enzyme, ER mannosidase | (ERManl),
ERManl was also studied here. Similar to the livers of HCC patients, ERManl
expression was shown to be aberrant as reflected in the increase in glycan
GlciMansGIcNAc:zin the present study. TACs are studied extensively due to their
potential as specific tumor biomarkers. Thus, as in different types of cancers,
the sialyl-Lewis glycans (fucose, galactose and NeuAc groups) are commonly
abberated, the present study showed an increase in Gal:2MansGlcNacsFuciNeus
in HCC rats compared to normal rats. This study also showed a significant
decrease in acylated Gal2MansGlcNacsNeusOAcs in HCC rats compared to
normal rats. Recently, O-acetlylated Neu5Ac (sialic acid) has been shown
to contribute to drug resistance in acute lymphoblastic leukemia cells and
its removal made the cells vulnerable to cytotoxic drugs. This investigation
also showed a patterned change in N-linked glycans that depended on their
subcellular localization. The increased high mannose glycans (decreased
glycan flow) reflects a major ER stress in HCC tissues.

Applications

The present detailed glycomic analysis of the N-glycans in HCC tissues
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compared to normal liver tissues has led to a better understanding of how the
changes in glycan flow and subcellular localization can provide an explanation
of the increase in high mannose glycans and siayl Lewis glycans reported in
HCC tissues. This may potentially lead to the identification of new and more
reliable biomarkers of HCC.

Terminology

Liver cancer was chemically induced in rats. Liver tissues were collected from
both cancer-induced and normal animals for further studies. An HCC-specific
antigen (GST-p) was targeted with an antibody (Anti- GST-p) to confirm tumor
formation. Matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry analysis was performed and mass spectra were analyzed using
Ezose’s proprietary bioinformatics programs. Glycan amounts were compared
between the different animal groups.

Peer-review

These findings provide new index to diagnose the HCC, which has potential
applications in clinic. This study did good work and used modern techniques
to illustrate their conclusion. The authors have identified specific glycans from
HCC tissue.
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