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Abstract

AIM: To investigate the proliferative effect of ad-
vanced glycation end-products (AGEs) and the role of
their cellular receptor (RAGE) on hepatocellular carci-
noma (HCC) cells, and the inhibitory effects of MK615,
an extract from Japanese apricot, against AGEs were
also evaluated.

METHODS: Two HCC cell lines, HuH7 and HepG2, were
used. Expression of RAGE was investigated by poly-
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merase chain reaction, Western blotting, and flow cyte-
metry (FACS). The effect of MK615 on RAGE expression
was also evaluated by FACS. The proliferative effects of
a control (unglycated bovine serum albumin), glucose-
derived AGEs (GIc-AGE), and glyceraldehyde-derived
AGEs (Glycer-AGE), and the anti-proliferative effect of
MK615 against AGEs, were evaluated using MTT assays.

RESULTS: Expression of RAGE was confirmed at both
the mRNA and protein levels in both HuUH7 and HepG2.
FACS revealed that the level of RAGE expression was
higher in HuH7 than in HepG2. Treatment with 0.1 ug/mL
MK615 decreased the expression level of RAGE from
24.3% to 3.7% in HuH7 and from 6.2% to 4.8% in
HepG2. The growth indices for the control, Glc-AGE,
and Glycer-AGE were 1.06 + 0.08, 0.99 + 0.04, and 1.38
+ 0.05, respectively, in HUH7 (P = 0.037), and were
1.03 £ 0.04, 1.04 £ 0.03, and 1.07 £ 0.05, respectively,
in HepG2 (P > 0.05). When the cells were cultured si-
multaneously with Glycer-AGE and MK615, MK615 abro-
gated the proliferative effect of Glycer-AGE in HuH7.

CONCLUSION: Only Glycer-AGE has a proliferative ef-
fect on HuH7, which expresses a higher level of RAGE.
MK615 suppresses the proliferative effect of Glycer-
AGE on HuH7 by decreasing the expression of RAGE.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

MKG615, an extract from the Japanese apticot, Prunus nume
Sieb. et Zucc (ume in Japanese), contains several triterpe-
noids and other unknown components. We have previ-
ously demonstrated the anti-cancer effects of MK615,
which induces apoptosis'’ and autophagy®” in cancer cells
by modulation of the cell cycle through inhibition of
aurora kinases A and B™. It has also been shown that
MKG615 exerts its anti-inflammatory effects by inhibiting
the release of high mobility group box 1 protein (HMGB1)
through activation of the transcription factor, Nrf2”, The
nuclear protein HMGBI1 is released into the extracellular
space during necrosis and apoptosis, and causes inflamma-
tion'. The cellular receptor of HMGB1 is a receptor of
advanced glycation end-products (AGEs), and is known
as receptor of AGE (RAGE). Thus, HMGB1 and AGEs
share the same cellular receptor, RAGE.

AGEs are products of non-enzymatic, irreversible
glycation of proteins, and are formed under conditions
of sustained hyperglycemia!. Binding of AGEs to
RAGE initiates a potent inflammation response and in-
duces various pathological conditions", such as diabetic
complications”, Alzheimer’s disease”
steatohepatitis' ", and cancers'”

Although the cellular events that operate in the
AGEs/RAGE system are not fully understood, it has
been shown that binding of AGEs to RAGE produces
reactive oxygen species' ' and increases the transcription
of wvascular endothelial growth factor (VEGE), followed
by angiogenesis' ". Also, the AGEs/RAGE system acti-
vates p38/MAP kinase!” and nuclear factor (NF)-gB"".
These cellular events induce the production of proin-

flammatory cytokines'”.

, non-alcoholic

Because AGEs constitute a heterozygous group,
some molecules that are categorized as AGEs are not
particularly toxic, including N-(catboxymethyl) lysine
(CML) and pyrroline. Accumulated evidence indicates
that glyceraldehyde-detived AGEs (Glycer-AGE) have a
predominantly toxic structure, and these are referred to
as toxic AGEs (TAGE)"""". Although a number of stud-
ies have investigated the roles of various AGEs, includ-
ing CML, pyrroline, and glucose-derived AGEs (Glc-
AGE), and also the function of RAGE in cancers"™"”,
the role of Glycer-AGE in tumorigenesis still remains
unclear, especially in hepatocellular carcinoma (HCC).

Recently, it was shown that MK615 inhibits the ac-
tivation of ERK1/2, p38MAPK, and NF-kB by the
AGEs/RAGE system, and suppresses the release of
proinflammatory cytokines™

The purposes of the present study were, using HCC
cell lines, to determine (1) the type of effect that MIK615
exerts on HCC; (2) whether Glycer-AGE has a prolifera-
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tive effect on HCC; and (3) whether MK615 attenuates
the effect of Glycer-AGE on HCC.

MATERIALS AND METHODS

Cells and culture

Two human hepatocellular carcinoma cell lines, HuH?7
and HepG2, were used. HuH7 was purchased from
the Cell Resource Center of the Biomedical Research
Institute of Development, Aging and Cancer, Tohoku
University (Miyagi, Japan), and HepG2 was purchased
from DS Pharma Biomedical Co., Ltd. (Osaka, Japan).
The cells were maintained in Dulbecco’s Modified Eagle
Medium (DMEM) containing 10% fetal calf serum (FCS)
in an incubator with a 5% COz atmosphere.

Agents

AGEs: Unglycated bovine serum albumin (BSA) (control),
glucose-derived AGEs (Gle-AGE:AGELD), and glyceralde-
hyde-derived AGEs (Glycer-AGE:AGE2) were produced
by one of the co-authors, M. Takeuchi, as described previ-
ously”*. Briefly, BSA at 25 mg/mL. was incubated under
stetile conditions with 0.5 mol/L D-glucose for 8 wk (Gle-
AGE), ot with 0.1 mol/L D-glyceraldehyde for 7 d (Glycet-
AGE) at 37°C. Then, low-molecular-weight reactants and
sugars were removed using PD-10 column (GE Healthcare
UK Ltd., Buckinghamshire, England) chromatography and
dialysis against phosphate-buffered saline (PBS). Control
unglycated BSA was incubated under the same conditions
except for an absence of reducing sugar. Preparations were
tested for endotoxin using an Endospecy ES-20S system
(Seikagaku Co., Tokyo, Japan). For all experiments, the con-
trol, Glc-AGE, and Glycer-AGE were used at a concentra-
tion of 0.1 mg/mL in the culture medium.

MKG615: MKG615 was provided by AdaBio Co., Ltd.
(Gunma, Japan). MK615 is derived from Japanese apricot
fruit"™. Briefly, the preparation procedure involves ex-
traction of the apricot juice using a press, and this is then
heated and concentrated. The concentrate is dissolved in
water, and then adjusted to pH 7.0 with NaOH. The solu-
tion is finally sterilized in an autoclave. MK615 was used
at a concentration of 0.1 pg/ ml, except for the experi-
ment shown in Figure 1.

Polymerase chain reaction

Cells were plated at 1 X 10°/well in 24-well plates and cul-
tured for 24 h. Then, MK615 (0.1 pg/mL) was added to
the medium and culture was continued for another 24 h.
Total RNA from each cell line was isolated using a Total
RNA Isolation kit MACHEREY-NAGEL, Diren, Ger-
many). Reverse transcription reactions were performed
using a Rever Tra Ace o-First Strand cDNA Synthesis Kit
(TOYOBO, Osaka, Japan). Briefly, 1 pug of total RNA,
oligo dT-primer, and dNTPs were incubated at 65°C for
5 min, then 10 pL. of cDNA synthesis mixture was added
and the mixture was incubated at 50°C for 50 min. The
reaction was terminated by adding 1 pl. of RNaseH and
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Figure 1 MK615 decreases receptor of advanced glycation end-product expression in HuH7 and HepG2 cells. Cells were plated at 1 x 10°well in 24-well
plates and then cultured for 24 h. MK615 was then added to the medium, followed by culture for a further 24 h. MK615 (0.1 pg/mL) decreased RAGE expression in

both HuH7 (A-C) and HepG2 (D-F).

incubating the mixture at 37°C for 20 min.

The sequences of the primers were as follows: 3-actin:
sense-primer 5-GGACTTCGAGCAAGAGATGG-3, an-
ti-sense 5-AGCACTGTGTTGGCGTACAG-3'; RAGE:
sense-primer 5'-CACACTGCAGTCGGAGCTAA-3/,
anti-sense 5-GCTACTGCTCCACCTTCTGG-3". Con-
ventional polymerase chain reaction (PCR) was performed
with Hottaq mix (x,x). The PCR conditions consisted of
95C for 5 min, 40 cycles at 95°C for 30 s, 62°C for 30 s,
and 60°C for 30 s. The PCR products were separated on
1% agarose gel.

Real-time PCR was performed with an ABI Prism
7700 sequence detector (Applied Biosystems, Warrington,
UK). The PCR reaction was carried out in a final volume
of 25 ulL, which included 2 ul. cDNA, 12.5 pl. 2 X SYBR
Green (Applied Biosystems), 0.5 uL of 25 nmol/L sense
and antisense primers, and H20. The PCR conditions
consisted of 40 cycles at 95°C for 30 s and 60°C for 30 s.
Samples were assayed in triplicate. Means and standard
deviations were calculated from the data obtained. For
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each sample, at least three assays were performed. The
# value was calculated as the mean of three different as-
says. The level of expression was calculated using the
formula: Relative expression (#value) = (Copy number of
tatget molecule/Copy number of B-actin) X 10007,

Western blotting

Anti-RAGE antibodies (#ab54741) were purchased from
Abcam Inc. (Cambridge, MA). After cells had been collect-
ed, they were washed twice with cold PBS, lysed with 200 pL.
of 0.5% (w/v) SDS, and centrifuged at 10000 r/min.
The supernatants were adjusted by dilution so as to con-
tain equal amounts of protein, as tested using a BCA
Protein Assay Kit (Pierce, Rockford, 11). Samples (20 pg
protein) wete run on 12.5% (w/v) SDS-PAGE with 10%
gel and electroblotted onto PVDF membranes. The blots
were blocked for 1 h with 5% (w/v) non-fat milk powder
and 0.1% (v/v) Tween 20 in Tris-NaCl, then exposed to
the primary antibody at a 1000-fold dilution overnight at
4°C. After extensive washing, the blots were incubated
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Figure 2 Proliferative effect of advanced glycation end-products on HuH7
and HepG2 cells. Cells were cultured for 24 h, and advanced glycation end-
products (AGEs) (0.1 mg/mL) were then added. After 24 h, the MTT assay was
performed. Glycer-AGE significantly stimulated proliferation of HuH7 cells. ss:
Statistically significant.

with the secondary horseradish-peroxidase-conjugated
antibody (1:2000) for 2 h at room temperature. Immuno-
reactive bands were visualized using an enhanced chemi-
luminescence detection system (Amersham Life Sciences,

Arlington Heights, T1)*,

Flow cytometry

Anti-RAGE antibody was the same as that used in West-
ern blotting. An isotype-matched antibody was purchased
from Abcom. The cells were collected and stained with
control or anti-RAGE monoclonal antibody for 1 h,
washed twice with PBS, and then stained with FITC-con-
jugated anti-mouse IgG monoclonal antibody for 30 min.
Then cells were again washed twice with PBS and ana-
lyzed using a FACSCalibur (Becton-Dickinson). The per-
centage shift was calculated by subtracting the histogram
obtained with anti-RAGE monoclonal antibody from that

obtained with the control antibody™”.

MTT assay

For the MTT assay, 15 uI. MTT (5 g/L) was added to each
well, and the cells were incubated for 4 h. Then, 100 pL
solubilization solution/stop mix was added, in accordance
with the manufacturer’s recommendation, and the plates
were left to stand for 60 min. The absorbance at 570 and
630 nm was then measured with an ELISA reader. The
actual counts were calculated by subtracting the absor-
bance at 570 nm from that at 630 nm. Each assay was
performed in triplicate and the average absorbance was
calculated™™.

Growth index (Figure 2) was calculated as follows.
Cells were plated out at 5 X 10° cells/well in 96-well
plates and cultured for 24 h, then AGEs were added to
the culture medium (Medium) at 0.1 mg/mL. After 24 h,
the MTT assay was performed, and experiments were
repeated 3 times. The mean values of the counts were
calculated for each experiment. Growth index was cal-
culated by dividing the mean for the control, Gle-AGE,
or Glycer-AGE by the mean for the Medium. Standard
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Figure 3 Expression of endogenous receptor of advanced glycation end-
product in HuH7 and HepG2 cells. Reverse transcription-polymerase chain
reaction (A) and Western blotting (B) showed that HuH7 and HepG2 expressed
receptor of advanced glycation end-product (RAGE) endogenously. B-actin was
used as a positive control. bp: Base pairs.

deviation was calculated for all three experiments.

The percentage inhibition was calculated as follows.
Two culture sets were set up, the cells being plated out at 5
X 10°/well in 96-well plates, and cultured for 24 h. The cells
were then cultured with Medium, control, Glc-AGE, or
Glycer-AGE, and each well was cultured in quadruplicate.
One plate was cultured without MK615 and the other with
MKG615 0.1 pg/mL. The percentage inhibition was calcu-
lated as: % inhibition = (count of cells with MIK615 - count
of cells without MKG615) X 100/count without MK615.
The experiments were repeated three times, and the means
and standard deviations were calculated.

Apoptosis assay

Cells were cultured under control conditions, or with Glc-
AGE, Glycer-AGE, or MK615 for 24 h, then harvested by
trypsinization and washed twice with PBS. The annexin V
binding assay was performed using an Annexin V-FITC
Apoptosis Detection kit (Becton-Dickinson) in accordance
with the supplier’s instructions. At least 1 X 10° cells were
incubated with FITC-conjugated annexin V at room tem-
perature for 15 min, and the cells were then analyzed on a
FACscan (Becton-Dickinson).

Statistical analysis

One-factor analysis of variance (ANOVA) with post-hoc
test was used for comparison of the three subgroups by
GraphPad Prism 5.0 (Graphpad Software, La Jolla, CA).
The results obtained by flow cytometry were analyzed
statistically with the Kolmogorov-Smirnov test using Cell
Quest software (Becton-Dickinson)”, Differences at P
< 0.05 were accepted as significant. Statistical analysis of
percentage growth inhibition was performed using the un-
paired, two-tailed # test.

RESULTS

Results of RT-PCR (Figure 3A) and Western blotting
(Figure 3B) showed that HuH7 and HepG2 expressed
RAGE endogenously. Flow cytometry with anti-RAGE
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Figure 4 Cell surface expression of receptor of advanced glycation end-
product in HuH7 and HepG2 cells. Flow cytometry showed receptor of ad-
vanced glycation end-product expression in both HuH7 (A) and HepG2 (B).
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Figure 5 MK615 does not decrease receptor of advanced glycation end-
product mRNA. The concentration of receptor of advanced glycation end-
product mRNA did not differ between MK615-treated HuH7 and HepG2 cells.

antibody staining demonstrated the expression of mem-
brane-bound RAGE in both HuH7 and HepG2 cells at
24.3% and 6.2%, respectively (Figure 4A and B).

Next, we investigated the effect of MKG615 on the
cell surface expression of RAGE in HuH7 and HepG2
cells. Cells were incubated with different concentrations
of MK615. In HuH?7, the expression levels of RAGE at
MKG615 concentrations of 0.001, 0.01, and 0.1 pg/mL
were 24.3%, 26.0%, and 3.7%, respectively (Figure 1A-C),
whereas the corresponding levels in HepG2 were 7.5%,
3.7%, and 4.8%, respectively (Figure 1D-F).

The results of real-time PCR using samples of RNA
obtained under the same conditions as those for flow cy-
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Figure 6 Suppression of advanced glycation end-products-stimulated
growth by MK615 and apoptosis induction. A: The percentage inhibition of
Glycer-advanced glycation end-products (AGE) by MK615 was significantly
higher than those for the control, and Glc-AGE in HuH7 cells. In HepG2 cells,
there were no significant differences among the groups. B: Frequency of apoptotic
cells of Glycer-AGE by MK615 was significantly higher than those for the control,
and Glc-AGE in HuH7 cells. In HepG2 cells, there were no significant differences
among the groups. ss: Statistically significant.

tomtery showed that transcription of RAGE mRNA did
not differ between MKG615-treated and non-treated cells
(Figure 5).

To evaluate the stimulation of growth by AGEs, HuH7
and HepG2 cells were incubated with AGEs (Figure 5).
The growth indices of the unglycated BSA control, Gle-
AGE, and Glycer-AGE were 1.06 £ 0.08, 0.99 + 0.04, and
1.38 + 0.05 in HuH7, and 1.03 & 0.04, 1.04 £ 0.03, and 1.07
+ 0.05 in HepG2, respectively. In HuH7, the growth index
of Glycer-AGE was significantly higher than those of the
control and Glc-AGE (P = 0.037). In HepG2, there were
no significant differences in growth index among the three
treatments (P = 0.905).

Figure 6A shows the suppression of AGEs growth
stimulation by MK615. The percentages of inhibition
for the Medium, control, Glc-AGE, and Glycer-AGE in
HuH7 cells were 29.0% £ 3.5%, 16.2% £ 5.1%, 20.1%
+ 2.7%, and 41.7% £ 4.1%, respectively. The percentage
inhibition of Glycer-AGE-induced growth stimulation
was significantly higher than that for Medium, Control, or
AGE1 (P = 0.02 by one-way ANOVA). In HepG2 cells,
the percentages of inhibition for the Medium, control,

Glc-AGE, and Glycer-AGE were 28.9% £ 8.1%, 30.1%
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Figure 7 Changes in percentage inhibition resulting from pre- or post-treat-
ment with MK615. A: Cells were cultured for 24 h with MK615, and then advanced
glycation end-products (AGEs) were added, followed by culture for a further 24 h.
The proliferative effect of Glycer-AGE was abrogated by pretreatment with MK615
in both HUH7 and HepG2 cells; B: Cells were cultured for 24 h with AGEs, and then
MK615 were added, followed by culture for a further 24 h. The proliferative effect
elicited by Glycer-AGE was still evident, but was reduced. ss: Statistically significant.

+ 6.3%, 29.0% £ 2.7% and 31.1% £ 7.9%, respectively.
There were no significant differences among the groups (P
= 0.18 by one-way ANOVA). For HuH7, the frequencies
of apoptotic cells for the control, Gle-AGE, and Glycer-
AGE were 31.5% % 5.7%, 31.3% * 4.9%, and 40.3% *
3.1%, respectively (P = 0.04 by one-way ANOVA), and
those for HepG2 were 30.2% £ 6.2%, 30.5% * 3.1%,
and 30.1% * 6.3%, respectively (P = 0.12 by one-way
ANOVA) (Figure 6B).

Figure 7A shows the percentages of inhibition when
the cells were cultured with AGEs following 24 h of
culture with MK615. In HuH?7 cells, the percentages of
inhibition for the control, Gle-AGE, and Glycer-AGE
were 27.9% * 3.2%, 33.4% £ 4.5%, and 36.3% * 4.1%,
respectively (P = 0.08 by one-way ANOVA), and the cor-
responding values in HepG2 were 6.7% * 1.9%, 36.6%
+ 3.7% and 30.1% % 6.3%, respectively (P = 0.03 by one-
way ANOVA). Figure 7B shows the percentages of inhi-
bition when the cells were cultured with MK615 following
24 h of culture with AGEs. In HuH?7 cells, the percent-
ages of inhibition for the control, Glc-AGE, and Glycer-
AGE were -22.3% £ 5.1%, -12.3% % 3.2%, and 9.6% *
2.2%, respectively (P = 0.02 by one-way ANOVA), and
the corresponding values for HepG2 were -27.5% £ 5.9%,
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-27.8% * 4.7%, and -3.9% % 0.8%, respectively (P = 0.02
by one-way ANOVA).

DISCUSSION

HuH7 and HepG2 cells showed surface expression of
RAGE, but the level of expression differed between
them. A previous study reported that HepG2 did not
express RAGE™ although the present study confirmed
weak expression of RAGE in HepG2 at both the
mRNA and protein level. Flow cytometry revealed that
HuH?7 cells expressed RAGE at a higher level than did
HepG2. On the other hand, results of real-time PCR
(Figure 5) showed higher #values for HepG2 than for
HuH?7. Because we calculated the expression of RAGE
mRNA relative to $-actin mRNA, the relative expression
of RAGE mRNA would have been influenced by the
expression level of B-actin mRNA. However, the reason
for the discrepancy in the expression of RAGE mRNA
between flow cytometry and real-time PCR was unclear.
Although both cell lines were derived from well differen-
tiated HCC, HuH7 was established from a Japanese pa-
tient, whereas HepG2 was from a Caucasian. Hiwatashi
et al”™ reported that expression of RAGE was lower in
normal liver and hepatitis, and higher in HCC. Although
the mechanism responsible for the difference in RAGE
expression is not clear, and the level at which RAGE
expression stimulates the growth of HCC was not de-
termined, the difference would have been related to the
response of the cells to AGEs, as described below.
HuH?7 showed a statistically significant growth re-
sponse to Glycer-AGE, but not to control or Glc-AGE.
HepG2, which expressed a low level of RAGE, did not
show any significant growth response to control, Gle-
AGE, or Glycer-AGE (Figure 2). Our results indicated
that Glycer-AGE stimulated the growth of HuH7 cells,
which show higher surface expression of RAGE, whereas
the degree of stimulation was not marked in HepG2 cells,
which show low surface expression of RAGE. Further-
more, the control and Gle-AGE exerted no proliferative
effect on either of the cell lines. It has been difficult to
study the biological effects of AGEs because of their
heterogeneity. As CML, pyrroline, and Gle-AGE are not
as toxic as Glycer-AGE, it is necessary to obtain data
using a representative TAGE, of which Glycer-AGE is
one of the more toxic forms. Glycer-AGE, but not Glc-
AGE, CML, and pyrroline, has strong binding affinity
for RAGE and subsequently elicits oxidative stress and
vascular inflammation, being implicated in the accelerated
atherosclerosis seen in patients with diabetes mellitus™*,
Recently, we have also demonstrated that Glycer-AGE
plays an important role in the pathogenesis of angiopathy
in diabetic patients”™*”. Moreover, there is a growing body
of evidence to suggest that the interaction of TAGE with
RAGE elicits oxidative stress in numerous types of cells,
thereby possibly contributing to the pathological changes
that characterize the vascular complications of diabetes.
Glycer-AGE-RAGE interaction triggers the generation of
NADPH oxidase-mediated reactive oxygen species (ROS),
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and subsequently activates p38/MAP kinase and NF-xB,
resulting in cell proliferation[27’28].

As shown in Figure 1, MK615 decreased the expres-
sion of RAGE on HuH7 cells at a concentration of
0.1 pg/mL, whereas the effect on HepG2 cells was less
marked. This decrease in the expression of RAGE was not
due to suppression of transcription, because the results
of real-time PCR revealed that the transcripts of RAGE
mRNA did not differ between naive and MKG615-treated
HuH7 and HepG2 (Figure 5). It remains to be clarified
whether the decrease in the cell-surface expression of
RAGE is due to solubilization of RAGE, degradation, or
other mechanisms.

When cells were cultured with AGEs and MK615
simultaneously, MK615 was found to inhibit the growth
effect of Glycer-AGE (Figure 6), and when the cells
were cultured with AGEs following exposure to MK615,
the growth effect elicited by Glycer-AGE was abrogated
(Figure 7A). Furthermore, when the cells were cultured
with AGEs followed by MKG615, the growth effect elic-
ited by Glycer-AGE was still evident, but was reduced
(Figure 7B). MK615 inhibits the activation of MAPK/
NF-kB"*"), which is thought to be a major pathway of
the AGEs/RAGE system. Because MK615 contains
several triterpenoids and other unknown substances, the
mechanism responsible for abrogation of the prolifera-
tive effect of Glycer-AGE on HCC cells might be mul-
tifactorial. However, the decrease of RAGE expression
elicited by MK615 may play a crucial role in suppressing
the Glycer-AGE-induced proliferation of HCC cells.

In conclusion, Glycer-AGE (a representative TAGE)
exerts a potent proliferative effect on HuH7 cells, which
express a high level of RAGE on their surface. The effect
of RAGE may be partly dependent on the degree of cell-
surface RAGE expression. MK615 inhibits Glycer-AGE-
induced proliferation of HuH7 cells by decreasing their
cell surface expression of RAGE. Our present results sug-
gest that further studies are warranted to explore the role
of Glycer-AGE in HCC, and to examine the therapeutic
effect of MK615.

COMMENTS

Background

This study focused on two topics: advanced glycation-end products (AGEs),
and MK615, an extract from the Japanese apricot, Prunus mume Sieb. et Zucc
(ume in Japanese). AGEs are the products of non-enzymatic, irreversible glyca-
tion of proteins, and the causative agents of various disorders, including inflam-
mation and cancers. AGEs constitute a heterozygous group, and recent studies
have revealed that most of them are not really toxic, although glyceraldehyde-
derived AGE (Glycer-AGE) is a toxic AGE (TAGE). In the present study, we
used purified Glycer-AGE. AGEs bind to the cell-surface receptor of AGE
(RAGE) to exert biological effects. It has been shown that MK615 exerts anti-
inflammatory affects by modifying the expression of RAGE. Thus, AGEs and
MK615 are connected via RAGE.

Research frontiers

Glycer-AGE is a real TAGE, and a limited number of studies have been con-
ducted to clarify the role of Glycer-AGE in cancer. As mentioned before, AGEs
are a heterogenous group of products, and future studies should focus on AGEs
using Glycer-AGE. As shown in the present study, Glycer-AGE exerts stronger
effects than glucose-derived AGE. The biological effects of Glycer-AGE remain
to be elucidated.
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Innovations and breakthroughs

Glycer-AGE potently stimulated the growth of hepatocellular carcinoma (HCC)
cells, and the effect was inhibited by MK615. This suggests that Glycer-AGE
(TAGE) stimulates the proliferation of HCC, and that MK615 may have a thera-
peutic effect on this activity.

Applications

Clinically, MK615 ameliorates hepatitis due to hepatitis C virus. Although the
mechanism remains unclear, MK615 may exert its effect by downregulating the
expression of RAGE. Although further studies will be needed, MK615 may exert a
therapeutic effect on HCC by inhibiting Glycer-AGE-dependent cancer growth.
Terminology

MK615 is an extract from the Japanese apricot, Prunus mume Sieb. et Zucc
(ume in Japanese). AGEs are products of the non-enzymatic, irreversible glyca-
tion of proteins. RAGE is a cell-surface receptor of AGEs. TAGE is a toxic AGE
that is derived from glyceraldehyde (Glycer-AGE).

Peer review

The study is focused on the interesting topic of RAGE-dependent cellular pro-
liferation. The authors demonstrate semi-functional data that RAGE could be of
relevance in hepatocellular tumour growth.
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