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Abstract

AIM: To investigate the effect of glyceraldehyde-de-
rived advanced glycation end-products (Glycer-AGEs)
on hepatocellular carcinoma (HCC) cells.

METHODS: Two HCC cell lines (Hep3B and HepG2
cells) and human umbilical vein endothelial cells (HU-
VEC) were used. Cell viability was determined using the
WST-8 assay. Western blotting, enzyme linked immu-
nosorbent assay, and real-time reverse transcription-
polymerase chain reactions were used to detect protein
and mRNA. Angiogenesis was evaluated by assessing
the proliferation, migration, and tube formation of HU-
VEC.

RESULTS: The receptor for AGEs (RAGE) protein was
detected in Hep3B and HepG2 cells. HepG2 cells were
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not affected by the addition of Glycer-AGEs. Glycer-
AGEs markedly increased vascular endothelial growth
factor (VEGF) mRNA and protein expression, which is
one of the most potent angiogenic factors. Compared
with the control unglycated bovine serum albumin (BSA)
treatment, VEGF mRNA expression levels induced by
the Glycer-AGEs treatment were 1.00 + 0.10 vs 1.92
= 0.09 (P < 0.01). Similarly, protein expression levels
induced by the Glycer-AGEs treatment were 1.63 + 0.04
ng/mL vs 2.28 £ 0.17 ng/mL for the 24 h treatment
and 3.36 £ 0.10 ng/mL vs 4.79 + 0.31 ng/mL for the
48 h treatment, respectively (P < 0.01). Furthermore,
compared with the effect of the control unglycated
BSA-treated conditioned medium, the Glycer-AGEs-
treated conditioned medium significantly increased the
proliferation, migration, and tube formation of HUVEC,
with values of 122.4% + 9.0% vs 144.5% + 11.3% for
cell viability, 4.29 + 1.53 vs 6.78 £+ 1.84 for migration
indices, and 71.0 = 7.5 vs 112.4 + 8.0 for the number
of branching points, respectively (P < 0.01).

CONCLUSION: These results suggest that Glycer-AG-
Es-RAGE signaling enhances the angiogenic potential of
HCC cells by upregulating VEGF expression.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Advanced glycation end-products (AGEs) are formed by
the Maillard reaction, a non-enzymatic reaction between
the ketones or aldehydes of sugars and the amino groups
of proteins, which contributes to aging and the patho-
logical complications of diabetes”. Recent studies have
suggested that AGEs can be formed not only from sug-
ars, but also from carbonyl compounds derived from the
autoxidation of sugars and other metabolic pathways™".
Among the different AGEs, there is evidence that glyc-
eraldehyde-derived AGEs (Glycer-AGEs) are associated
with the complications of diabetes, as well as Alzheimer’s

disease, nonalcoholic steatohepatitis (NASH), and can-
[5>-8]
£

ce

NASH is recognized as a component of metabolic
syndrome and is associated with insulin resistance and
abnormalities in glucose and lipid metabolism"” ", NASH
is one of a group of nonalcoholic fatty liver diseases
(NAFLD) that range from simple steatosis to steatohepa-
titis"”. However, although simple steatosis appears to
be a benign and non-progressive condition, NASH is a
potentially progressive disease that can lead to cirrhosis,
liver failure, and hepatocellular carcinoma (HCC)"™'. In
fact, several case series of NASH-associated HCC have
been reported"™”. HCC, which accounts for more than
90% of all primary liver cancers, is one of the most com-
mon malignancies worldwide'”. Tts incidence is particu-
larly high in the Asian population“sl

A recent study suggested that expression of the re-
ceptor for AGEs (RAGE) mRNA was lower in normal
liver cells than in those of hepatitis and HCC patients'”.
Furthermore, we have demonstrated that Glycer-AGEs
are present in significantly high concentrations in the sera
of patients with NASH"™. 1n addition, the interaction
of Glycer-AGEs with the RAGE was found to increase
C-reactive protein expression in Hep3B cells™. However,
the effects of Glycer-AGEs on HCC cells remain poorly
understood.

In the present study, we examined the effects of Gly-
cer-AGEs on HCC cells and showed that Glycer-AGEs-
RAGE signaling enhances the angiogenic potential of
HCC cells by upregulating vascular endothelial growth
factor (VEGF) expression.

MATERIALS AND METHODS

Preparation of glyceraldehyde-derived advanced
glycation end-products

All chemicals were commercial samples of high purity
and were used as supplied. Glycer-AGEs were prepared
as described previously”. Briefly, 25 mg/mL of bo-
vine serum albumin (BSA; A0281, Sigma-Aldrich) was
incubated at 37 C for 7 d under sterile conditions with
0.1 mol/L glyceraldehyde and 5 mmol/L diethylenettia-
minepentaacetic acid (Dojindo Laboratories, Kumamoto,
Japan) in 0.2 mol/L phosphate buffer (pH 7.4). As a con-

trol, unglycated BSA was incubated under the same con-
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ditions, but without glyceraldehyde. The unglycated and
glycated albumin were purified using a PD-10 column
(GE Healthcare UK Ltd., Buckinghamshire, England)
and dialysis against PBS. All preparations were tested
for endotoxin using the Endospecy ES-20S system (Sei-
kagaku Co., Tokyo, Japan). Protein concentrations were
determined using the Dc protein assay reagent (Bio-Rad
Laboratories, Richmond, CA, United States), using BSA
as a standard. In all experiments, control unglycated BSA
and Glycer-AGEs were used at culture medium concen-
trations of 100 pug/mL.

Cell cultures

Hep3B and HepG2 cells were grown in Dulbecco’s mo-
dified Eagle’s medium (DMEM; Sigma-Aldrich) supple-
mented with 10% fetal bovine serum (FBS; Equitech-Bio,
Kerrville, TX, United States) under standard cell culture
conditions (humidified atmosphere, 5% CO2, 37 C). Cells
(1.5 % 10" cells/cm®) were then seeded in various plates
or culture dishes (BD Biosciences, Franklin Lakes, NJ,
United States) and incubated for 48 h before the start of
all experiments, except the migration assay. The control
unglycated BSA and Glycer-AGEs (100 ug/ ml) treat-
ments were carried out in serum free DMEM.

Human umbilical vein endothelial cells (HUVEC)
were grown in endothelial cell growth medium (GM; Cell
Applications, San Diego, CA, United States) under stan-
datd cell culture conditions.

Preparation of cell lysate

Cells were washed with ice-cold Ca”" and Mg”" free PBS
[PBS (-)] and subjected to lysis buffer [25 mmol/L Tris-
HCI (pH 7.6), 150 mmol/L sodium chlotide, 1% Nonidet
P-40, 1% sodium deoxycholate, 0.1% sodium dodecyl
sulfate (SDS), and 1 X protease inhibitor cocktail (com-
plete, Mini; Roche)]. Subsequently, cell lysates were passed
through a syringe several times for further homogeniza-
tion and centrifuged at 10 000 X g for 10 min at 4 C.
Protein concentrations were measured using the Bradford
assay (Bio-Rad Laboratories).

Western blotting

Cell lysates (30 pg of proteins/lane) were dissolved in
SDS sample buffer [62.5 mmol/L Ttis-HCI (pH 6.8), 2%
SDS, 10% glycerol, and 0.01% bromophenol blue| con-
taining 5% 2-mercaptocthanol, boiled for 3 min at 95 C,
separated by SDS-polyacrylamide gel electrophoresis, and
then electro-transferred onto polyvinylidene difluoride
membranes (Millipore, Billerica, MA, United States).
Biotinylated markers (Cell Signaling, Beverly, MA, United
States) were used as molecular weight markers. Mem-
branes were blocked for 1 h using 5% skimmed milk in
phosphate buffered saline (PBS) containing 0.05% poly-
oxyethylene sorbitan monolaurate (PBS-T). After being
washed twice with PBS-T, membranes wete incubated
overnight with goat anti-RAGE antibody (N-16), mouse
anti-B-actin antibody (Santa Cruz, Santa Cruz, CA, Unit-
ed States), or rabbit anti-cyclooxygenase-2 (anti-COX-2)
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antibody (Cayman Chemical, Ann Arbor, MI, United
States). Subsequently, membranes were washed twice with
PBS-T and incubated with anti-goat IgG antibody (Santa
Cruz), anti-mouse Ig’s antibody (Biosource, Camatrillo,
CA, United States), or anti-rabbit IgG and anti-biotin
antibodies (Cell Signaling) for 1 h. After being washed a
further three times with PBS-T, immunoreactive proteins
were detected with ECL Plus Western Blotting Detection
Reagents (GE Healthcare) using a luminescent image
analyzer (LAS-1000UVmini; Fujifilm, Tokyo, Japan). The
density of the bands was analyzed using a Multi Gauge
version 3.0 (Fujifilm).

Cell viability

Cell viability was determined using the WST-8 assay,
which measures metabolic activity. After removing the
medium from a 96-well microplate that had been used to
culture cells as above, 100 uL/well of 10% FBS/DMEM
and 10 pL/well of WST-8 solution (Dojindo Laborato-
ries) were added, and cells were incubated for 2 h. Absor-
bance was then measured at 450 nm and 650 nm using a
microplate reader (Labsystems Multiskan Ascent, Model
No. 354; Thermo Fisher Scientific, Kanagawa, Japan).
The net difference (A4s0-4es0) was used as a measure of
cell viability.

Real-time reverse transcription-polymerase chain
reaction analysis

Total RNA was isolated from cells with ISOGEN (Nip-
pon Gene, Tokyo, Japan), and 50 ng of RNA were re-
verse transcribed into cDNA with the PrimeScript™ re-
verse transcription (RT) reagent kit (Takara, Shiga, Japan)
using a GeneAmp® 9700 polymerase chain reaction (PCR)
System (Perkin-Elmer Applied Biosystems, Foster City,
CA, United States). Real-time polymerase chain reaction
was performed with SYBR Premix Ex Taq™ (Takara)
using a Smart Cycler® I System (Takara). The reaction
mixture (25 pl) contained 1 X SYBR Premix Ex Taq
™ 0.2 umol/L PCR forward primers, 0.2 umol/L PCR
reverse primers, and 10 ng of cDNA as a template. The
primers used were as follows: COX-2: 5-GAGTACCG-
CAAACGCTTTATGC-3 and 5-GCCGAGGCTTTTC-
TACCAGAA-3’, VEGF: 5-TGCAGATTATGCGGAT-
CAAACC-3" and 5-TGCATTCACATTTGTTGTGCT-
GTAG-3’, and B-actin: 5-TCCACCTCCAGCAGATGT-
GG-3’ and 5-GCATTTGCGGTGGACGAT-3". All pro-
cesses were performed according to the manufacturet’s
instructions. Expression levels of the target genes were
calculated using a relative quantification method. B-Actin
was used as an endogenous control gene to normalize
target gene expression values. Product specificity was de-
termined by a melting curve analysis.

Enzyme linked immunosorbent assay

Cells were incubated with control unglycated BSA or
Glycer-AGEs for 24 h or 48 h. The culture medium was
collected and centrifuged at 200 X g for 10 min to remove
any particles, and the resultant supernatant was analyzed
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using the VEGF enzyme-linked immunosorbent assay
kit (Ray Biotech, Norcross, GA, United States). All pro-
cesses were performed according to the manufacturer’s
instructions.

Migration assay

The migratory capacity of Hep3B cells was evaluated
using the Oris™ Cell Migration Assay (Platypus Tech-
nologies, Madison, WI, United States). Cells (l.5><105
cells/mL) were incubated with 10% FBS/DMEM for
24 h. After removing the stopper covering the center of
the well, fluorescently-labeled cells wete incubated with
control unglycated BSA or Glycer-AGEs for 24 h. The
number of cells that had migrated to the center was as-
sessed at excitation and emission wavelengths of 485 nm
and 530 nm, respectively, using a fluorescence microplate
reader (Labsystems Fluoroskan Ascent CF, Type 374;
Thermo Fisher Scientific).

Preparation of conditioned medium

Hep3B cells were incubated with control unglycated BSA
or Glycer-AGEs for 48 h. The culture medium was col-
lected and filtered to remove any particles. The CM was
then frozen at -80 ‘C until it was used in the experiments.

Human umbilical vein endothelial cells proliferation
assay

HUVEC (0.75% 10" cells/cm’) were incubated with GM
for 24 h, before being cultured in DMEM or CM in 10%
FBS for 72 h. HUVEC proliferation was determined us-
ing the WST-8 assay.

Human umbilical vein endothelial cells migration assay
The migratory capacity of HUVEC was evaluated using
the BD BioCoat™ Angiogenesis System-Endothelial Cell
Migration assay (BD Biosciences). In this assay, the upper
and lower cultute compartments were sepatated by fluo-
rescence blocking polyethylene terephthalate filters (3 um
pore size) coated with human fibronectin. Cells (3.3 X
10° cells/mL) in serum-free DMEM were added to each
of the upper chambers for 20 h. Then, 0.5% FBS/CM
was added to the lower chamber and used as a chemoat-
tractant. The number of fluorescently-labeled cells that
had migrated to the opposite side of the chamber was
then assessed at excitation and emission wavelengths of
485 nm and 530 nm, respectively, using a fluorescence
microplate reader (Thermo Fisher Scientific).

Tube formation assay

The tube formation assay was performed with the BD
BioCoat™ Angiogenesis System-Endothelial Cell Tube
Formation assay (BD Biosciences). Before the start of the
assay, the Matrigel matrix was polymerized for 30 min at
37 °C under a 5% CO:2 environment. Cells (4 X 10° cells/
ml) were incubated with 0.5% FBS/CM for 12 h and
then photographed under a microscope, and the number
of branch points was counted in five randomly chosen

fields.
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Figure 1 The receptor for advanced glycation end-products expression
in hepatocellular carcinoma cells. The receptor for advanced glycation end-
products (RAGE) expression as measured by Western blotting. Cell lysates (30
ug of proteins/lane) were loaded onto a 10% polyacrylamide gel. Size markers
(kDa) are shown on the left. Equal protein loading was verified using an anti-f-
actin antibody. The arrow indicates full-length RAGE.

Statistical analysis

All experiments were performed in duplicate and repeat-
ed at least two or three times, with each experiment yield-
ing essentially identical results. Data are expressed as the
mean  SD. The significance of the differences between
group means was determined by a one-way analysis of
variance. P values of less than 0.05 were considered sig-
nificant.

RESULTS

To investigate whether RAGE proteins were present in
Hep3B and HepG2 cells, we carried out Western blot-
ting using an anti-RAGE antibody. RAGE proteins of
different molecular weights were detected in Hep3B and
HepG2 cells (Figure 1). In full-length RAGE ¢cDNA-
transfected Hep3B cells, the major band (57 kDa) (indi-
cated by an arrow in Figure 1) represented the full-length
RAGE protein. Likewise, the full-length RAGE protein
was also detected in Hep3B and HepG2 cells, and there
was no difference in its expression level between the two
cell types.

We examined the effect of Glycer-AGEs on the vi-
ability of Hep3B and HepG2 cells. Cell viabilities result-
ing from treatment with the control unglycated BSA or
the Glycer-AGEs for 24 h were 100% £ 3.5% »s 97.8%
+ 3.3% in Hep3B cells (Figure 2A), and 100% *+ 4.3%
vs 102.3% £ 6.7% in HepG2 cells (Figure 2B). Thus,
Glycer-AGEs did not have any effect on the viability of
Hep3B and HepG2 cells.

To investigate whether Glycer-AGEs affected the
malignancy of HCC cells, we examined COX-2 mRNA
and protein expression. COX-2 mRNA expression levels
induced by the control unglycated BSA or the Glycer-
AGEs treatment were 1.00 + 0.27 25 2.16 + 0.34 (P < 0.01)
(Figure 3A), and COX-2 protein expression levels were
increased by Glycer-AGEs at 24 h in Hep3B cells (Figure
3B), whereas no such change was detected in HepG2 cells
(Figure 3B).

We also evaluated the influence of Glycer-AGEs on
cell migration, which is an index of malighancy in Hep3B
cells. However, migration indices for the control ungly-
cated BSA or the Glycer-AGEs treatment were 18.2 *
0.6 »s 18.7 £ 0.5 (Figure 3C), and Glycer-AGEs did not
affect the migratory capacity of Hep3B cells; i.c., Glycer-
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Figure 2 Effect of glyceraldehyde-derived advanced glycation end-
products on the viability of hepatocellular carcinoma cells. Cell viability
was determined using the WST-8 assay. Hep3B (A) and HepG2 (B) cells were
incubated with control unglycated bovine serum albumin (BSA) or glyceralde-
hyde-derived advanced glycation end-products (Glycer-AGEs) (100 pg/mL) for
24 h. The open and filled bars represent results for cells treated with control
unglycated BSA and Glycer-AGEs, respectively. Data are shown as the mean +
SD (n=6).

AGE:s did not increase the malignancy of Hep3B cells.

To investigate whether Glycer-AGEs affected the an-
glogenesis of HCC cells, we examined the expression lev-
els of VEGF mRNA and protein. VEGF mRNA expres-
sion levels induced by the control unglycated BSA or the
Glycer-AGEs treatment were 1.00 = 0.10 »5 1.92 = 0.09
in Hep3B cells (P < 0.01) (Figure 4A), and 1.00 £ 0.11 »s
0.87 £ 0.10 in HepG2 cells (Figure 4B). The expression
levels of the VEGF protein induced by the control ung-
lycated BSA or the Glycer-AGEs treatment for 24 and 48
h were 1.63 £ 0.04 ng/mlL »s2.28 + 0.17 ng/mlL (24 h, P
< 0.01), and 3.36 + 0.10 ng/mL »s 4.79 £ 0.31 ng/mL (48
h, P < 0.01), respectively, in Hep3B cells (Figure 4C). In
HepG2 cells, the results were 1.15 £ 0.19 ng/mL »s 1.04
+ 0.03 ng/mlL (24 h), and 2.70 + 0.10 ng/ml. »s 2.53 *
0.32 ng/mL (48 h), respectively, (Figure 4D). Thus, the
VEGEF mRNA expression of Hep3B cells was increased
by Glycer-AGEs at 24 h, and VEGF protein expression
levels in these cells were also increased by Glycer-AGEs
at 24 and 48 h. However, no such changes were observed
in HepG2 cells.

We then examined the effect of CM-Glycer-AGEs
on the viability of HUVEC. Cell viabilities resulting from
treatment with the control unglycated BSA or the Glycer-
AGEs for 72 h were 100% £ 6.4% w5 96.2% £ 5.4%, and
the control unglycated BSA-treated CM (CM-BSA) or
the CM-Glycer-AGEs for 72 h were 122.4% £ 9.0% us
144.5% £ 11.3% (P < 0.01) (Figure 5). There was no dif-
ference in viability between the Glycer-AGEs-treated and
control unglycated BSA-treated cells, whereas cell viabili-
ty in cells treated with CM-Glycer-AGEs was significantly
higher than that of those treated with CM-BSA.

Finally, we examined the effect of CM-Glycer-AGEs
on the migration and tube formation of HUVEC. Migra-
tion and tube formation of endothelial cells play key roles
in tumor angiogenesis. Migration indices for the CM-
BSA or the CM-Glycer-AGEs treatment were 4.29 + 1.53
v5s 6.78 £ 1.84 (P < 0.05) (Figure 6A), and cell migration
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Figure 3 Effect of glyceraldehyde-derived advanced glycation end-products on the malignancy of hepatocellular carcinoma cells. Hep3B and HepG2 cells
were incubated with control unglycated bovine serum albumin (BSA) or glyceraldehyde-derived advanced glycation end-products (Glycer-AGEs) for 24 h. A: In Hep3B
cells, cyclooxygenase-2 (COX-2) mRNA expression levels were analyzed using real-time reverse transcription-polymerase chain reactions, and results were normal-
ized to the B-actin mRNA level (n = 3), °P < 0.01 vs control unglycated BSA; B: COX-2 expression as measured by Western blotting. Cell lysates (30 g of proteins/
lane) were loaded onto a 10% polyacrylamide gel. Size markers (kDa) are shown on the left. Equal protein loading was verified using an anti-B-actin antibody. As a
positive control, A549 cells were incubated with phorbol 12-myristate 13-acetate (PMA: 100 nmol/L) for 6 h; C: The migratory capacity of Hep3B cells was evaluated
using the Oris cell migration assay (n = 8). Cells were incubated with control unglycated BSA or Glycer-AGEs for 24 h, and the number of migrating cells was then
assessed using a fluorescence microplate reader. RFU: Relative fluorescence units. The open and filled bars represent results for cells treated with control unglycated
BSA and Glycer-AGEs, respectively. Data are shown as the mean + SD.
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Figure 4 Effect of glyceraldehyde-derived advanced glycation end-products on the angiogenesis of hepatocellular carcinoma cells. A and B: Hep3B and
HepG2 cells were incubated with control unglycated bovine serum albumin (BSA) or glyceraldehyde-derived advanced glycation end-products (Glycer-AGEs) for 24 h.
Vascular endothelial growth factor (VEGF) mRNA expression was analyzed using real-time reverse transcription-polymerase chain reactions, and results were normal-
ized to the B-actin mRNA level; C and D: Hep3B and HepG2 cells were incubated with control unglycated BSA or Glycer-AGEs for 24 or 48 h. The conditioned medium
was collected, and VEGF expression levels of the cells were determined by enzyme-linked immunosorbent assay. The open and filled bars represent results for cells
treated with control unglycated BSA and Glycer-AGEs, respectively. Data are shown as the mean + SD (n = 3), °P < 0.01 vs control unglycated BSA.

with the CM-Glycer-AGEs treatment was significantly increasing over the last 20 years', Although hepatitis C

higher than that of the CM-BSA treatment. In tube for- virus is responsible for half of the recent increase in the
mation, the CM-Glycer-AGEs-treated HUVEC showed prevalence of HCC, the etiologies of 15%-50% of new
an increased number of tube-like structures and larger HCC cases remain unclear™. NASH, a component of
tube networks (Figure 6B). Furthermore, the number of metabolic syndrome, is thought to be responsible for some

branching points for the CM-BSA or the CM-Glycer- of these cases'™. AGEs are one possible mechanistic
AGEs treatment were 71.0% % 7.5% »s 112.4% £ 8.0% (P link between metabolic syndrome and NASH, and Glycer-
< 0.01) (Figure 6C), and the number of branching points AGEs have been reported to be involved in NASH®,
with the CM-Glycer-AGEs treatment was significantly however, their role in HCC has barely been investigated.

higher than that of the CM-BSA treatment (Figure 6C). A recent study suggested that the expression of RA-

These results showed that Glycer-AGEs enhance the GE mRNA was lower in normal liver tissue than in the
angiogenic potential of HCC cells by upregulating VEGF liver cells of hepatitis and HCC patients. In addition, in
expression. HCC, RAGE mRNA expression was high in well and

moderately differentiated tumors, but declined as the
tumors dedifferentiated to poorly differentiated Hcc,
DISCUSSION The Hep3B and HepG2 cells used in this experiment were
The incidence of HCC in developed countries has been well-differentiated HCC cell lines. RAGE protein was
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Figure 5 Effect of glyceraldehyde-derived advanced glycation end-
products-treated CM on human umbilical vein endothelial cells prolifera-
tion. Cell viability was determined with the WST-8 assay. Human umbilical vein
endothelial cells were incubated with control unglycated bovine serum albumin
(BSA), glyceraldehyde-derived advanced glycation end-products (Glycer-AGEs)
(100 pg/mL), CM-BSA, or CM-Glycer-AGEs for 72 h. The open and filled bars
represent results for cells treated with control unglycated BSA and Glycer-AG-
Es, respectively, and the light grey and the black grey bars represent results for
cells treated with CM-BSA and CM-Glycer-AGEs, respectively. Data are shown
as the mean = SD (n = 6), °P < 0.01 vs CM-BSA.

detected in both Hep3B and HepG2 cells and there was
no difference in its expression between the two cell lines.
However, the effects of Glycer-AGEs differ between
Hep3B and HepG2 cells. A previous report found that
Hep3B cells activate AGEs signaling through RAGE™.,
On the other hand, it was reported that HepG2 cells did
not express the RAGE protein on their cell surfaces and
were not affected by Glycer-AGEs™, HepG2 cells were
also not affected by Glycer-AGEs in our study.

In this study, Glycer-AGEs did not increase cell grow-
th or migration of Hep3B cells. However, Glycer-AGEs
slightly increased COX-2 protein expression levels in these
cells. This protein plays important roles in HCC malignan-
cy by producing prostaglandin Ez (PGE»), including cell
growth, migration, and invasion”””, and PGEz promotes
the migration of HCC cell lines in > 1.5 pg/mL*. In-
deed, PGE: protein expression levels induced by COX-2
increased by Glycer-AGEs, but the quantity was < 6
pg/ml. (data not shown). The results imply that although
Glycer-AGEs induced increases in the expression levels
of COX-2 and PGE: protein, they were not sufficient to
increase cell growth or migration.

On the other hand, Glycer-AGEs markedly increased
the VEGF protein expression levels of Hep3B cells.
VEGF is one of the most potent angiogenic factors”",
and angiogenesis plays a significant role in HCC progres-
sion”™". Proliferation, migration, and tube formation of
endothelial cells are important events in angiogenesis””.
In addition, CM-Glycer-AGEs significantly increased
the proliferation, migration, and tube formation of HU-
VEC. The results suggested that Glycer-AGEs indirectly
increased angiogenesis in HCC. The formation of new
blood vessels is initiated by hypoxic or ischemic condi-
tions"”. Interestingly, it was reported that HCC cell lines
that are resistant to hypoxia displayed higher levels of
RAGE expression, and RAGE expression in these cell
lines increased under hypoxic conditions!"”. These results
suggest that Glycer-AGEs-RAGE signaling is increased
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Figure 6 Effect of glyceraldehyde-derived advanced glycation end-prod-
ucts-treated CM on human umbilical vein endothelial cells angiogenesis.
A: The migratory capacity of human umbilical vein endothelial cells (HUVEC)
was evaluated using the endothelial cell migration assay. Cells were incubated
with CM-bovine serum albumin (BSA) or glyceraldehyde-derived advanced gly-
cation end-products-treated CM (CM-Glycer-AGEs) for 22 h, and the number
of migrating cells was assessed using a fluorescence microplate reader. RFU:
relative fluorescence units (n = 8); B and C: The tube formation of HUVEC was
evaluated using the endothelial cell tube formation assay (n = 5). Cells were
incubated with CM-BSA or CM-Glycer-AGEs for 12 h and then photographed
under a microscope (B); the number of branch points was counted (C). Magni-
fication = 100 x. The open and filled bars represent results for cells treated with
CM-BSA and CM-Glycer-AGEs, respectively. Data are shown as the mean +
3D, °P<0.05,°P < 0.01 vs CM-BSA.
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during the early stages of tumorigenesis, which occurs in
hypoxic conditions.

In summary, we have demonstrated that Glycer-AG-
Es-RAGE signaling enhances the angiogenic potential
of HCC cells by upregulating VEGFE expression. These
results suggest that Glycer-AGEs-RAGE signaling plays
a critical role in the progression of HCC, and hence, is a
potential target for therapeutic intervention.

COMMENTS

Background

Advanced glycation end-products (AGEs) are formed by the Maillard reaction,
a non-enzymatic reaction between the ketones or aldehydes of sugars and the
amino groups of proteins that contributes to aging and the pathological compli-
cations of diabetes. Among the different AGEs, there is evidence that Glycer-
AGEs are associated with the complications of diabetes, as well as nonalcoholic
steatohepatitis (NASH) and cancer. NASH is a potentially progressive disease
that can lead to cirrhosis, liver failure and hepatocellular carcinoma (HCC). In
fact, several case series of NASH-associated HCC have been reported. How-
ever, the effects of Glycer-AGEs on HCC cells remain poorly understood.
Research frontiers

Angiogenesis plays a significant role in HCC progression, and vascular endo-
thelial growth factor (VEGF) is one of the most potent angiogenic factors. In this
study, the authors examined the effects of Glycer-AGEs on the angiogenesis of
HCC cells.

Innovations and breakthroughs

This study reported the Glycer-AGEs enhanced the angiogenic potential of
HCC cells by upregulating VEGF expression.

Applications

The experimental data can be used in further studies as a potential target for
therapeutic intervention.

Terminology

AGEs: AGEs are formed by the Maillard reaction, a non-enzymatic reaction
between the ketones or aldehydes of sugars and the amino groups of proteins
that contributes to aging and the pathological complications of diabetes; RAGE:
RAGE is a multi-ligand member of the immunoglobulin superfamily of cell sur-
face molecules, and interacts with distinct molecules implicated in homeostasis,
development, and inflammation properties; NASH: NASH is a disease having
the histopathological findings typical of alcoholic liver disease in patients with-
out a history of significant alcohol abuse; VEGF: VEGF, which is also known as
vascular permeability factor, is a specific mitogen to endothelial cells.

Peer review

The work presented is very interesting, and | am sure further work in the future
will extend to clinical studies as a potential target for therapeutic intervention.
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