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Abstract

AIM: To study the formation of intracellular glyce-
raldehyde-derived advanced glycation end products
(Glycer-AGESs) in the presence of high concentrations of
fructose.
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METHODS: Cells of the human hepatocyte cell line
Hep3B were incubated with or without fructose for
five days, and the corresponding cell lysates were
separated by two-dimensional gradient sodium dodecyl
sulfate-polyacrylamide gel electrophoresis. Glycer-AGEs
were detected with the anti-Glycer-AGEs antibody.
Furthermore, the identification of the proteins that are
modified by glyceraldehyde in the presence of high
concentrations of fructose was conducted using matrix-
assisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF-MS). The protein and mRNA
levels were determined by Western blotting and real-
time reverse transcription PCR, respectively.

RESULTS: The results of the two-dimensional gra-
dient sodium dodecyl sulfate-polyacrylamide gel
electrophoresis indicated a greater amount of Glycer-
AGEs in the sample exposed to high concentrations
of fructose than in the control. The detected Glycer-
AGEs showed isoelectric points in the range of 8.0-9.0
and molecular weights in the range of 60-80 kDa.
The heterogeneous nuclear ribonucleoprotein M
(hnRNPM), which plays an important role in regulating
gene expression by processing heterogeneous nuclear
RNAs to form mature mRNAs, was identified as a
modified protein using MALDI-TOF-MS. Increasing
the concentration of fructose in the medium induced
a concentration-dependent increase in the generated
Glycer-AGEs. Furthermore, in an experiment using
glyceraldehyde, which is a precursor of Glycer-AGEs,
hnRNPM was found to be more easily glycated than the
other proteins.

CONCLUSION: The results suggest that glyceralde-
hyde-modified hnRNPM alters gene expression. This
change may cause adverse effects in hepatocytes and
may serve as a target for therapeutic intervention.

Key words: Advanced glycation end-products; Fructose;
Glycation; Glyceraldehyde; Heterogeneous nuclear
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Core tip: Excessive intake of fructose contributes to
the development of nonalcoholic fatty liver disease
and to the progression of the disease to nonal-
coholic steatohepatitis. Fructose is metabolized to
glyceraldehyde, which is a precursor of glyceraldehyde-
derived advanced glycation end-products (Glycer-AGES).
We showed that intracellular Glycer-AGEs were formed
in the presence of high concentrations of fructose.
Additionally, heterogeneous nuclear ribonucleoprotein
M (hnRNPM) was identified as one of the target
proteins for glycation. These results suggest that the
glyceraldehyde-modified hnRNPM resulting from the
exposure of the cells to high concentrations of fructose,
alters gene expression and causes adverse effects in
hepatocytes.
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INTRODUCTION

Fructose is a major component in high fructose corn
syrup (HFCS) and sucrose, which are commonly used
as sweeteners in beverages and processed foods.
The consumption of fructose has increased over the
past 40 years, and HFCS consumption has increased
rapidly to replace 50% of the sucrose consumption.
HFCS is cheaper than sucrose and can be transported
easily; moreover, it is more effective in stabilizing the
texture of some processed foods than sucrose!*?.
Increased fructose intake causes many adverse effects
such as obesity, dyslipidemia, and insulin resistance,
and contributes to the development and progression
of nonalcoholic fatty liver disease (NAFLD). NAFLDs
ranging from simple steatosis to steatohepatitis
include the most common liver diseases worldwide™ ™.

Advanced glycation end-products (AGEs) are
formed by the Maillard reaction, a nonenzymatic
reaction between the ketones or aldehydes of sugars
and the amino groups of proteins. AGEs are asso-
ciated with aging and diabetes-related pathologic
complications!®”!, This reaction begins with the
conversion of reversible Schiff base adducts to more
stable covalently bound Amadori rearrangement
products. Over the course of days to weeks, these
Amadori products undergo further rearrangement re-
actions to form irreversibly bound moieties known as
AGEs™.
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Recent studies have suggested that AGEs can be
formed not only from sugars, but also from carbonyl
compounds produced as a result of the autoxidation
of sugars and from other metabolic pathways®'.
Evidence suggests that the glyceraldehyde-derived
AGEs (Glycer-AGEs) are associated with diabetes-
related pathologic complications™' ™, Absorbed fru-
ctose is selectively metabolized in the liver and later
metabolized into glyceraldehyde by aldolase!**!. The
immunohistochemical analysis of Glycer-AGEs show
intense staining in the livers of patients with nona-
Icoholic steatohepatitis (NASH), which is a form of
NAFLD™. It is well known that AGE modification
adversely alters protein function!*>*®. However, the
effects of fructose on the formation of intracellular
Glycer-AGEs remain poorly understood.

In this study, we have examined the formation of
intracellular Glycer-AGEs in the human hepatocyte
cell line Hep3B when exposed to high concentrations
of fructose.

MATERIALS AND METHODS

Chemicals

All chemicals were commercial samples of high purity
and used as supplied. Glyceraldehyde was purchased
from Nakalai Tesque (Kyoto, Japan).

Cell cultures

Hep3B cells were grown in Dulbecco’s modified Eagle’
s medium (DMEM; Sigma-Aldrich, St. Louis, MO,
United States) supplemented with 10% fetal bovine
serum (Equitech-Bio, Kerrville, TX, United States)
under standard cell culture conditions (humidified
atmosphere, 5% COz, 37 'C). Cells (2 x 10° cells/mL)
were seeded in various plates or culture dishes (BD
Biosciences, Franklin Lakes, NJ, United States) and
incubated for 24 h before the start of all experiments.
To form intracellular Glycer-AGEs, cells were in-
cubated with or without 0.5-10.0 mmol/L fructose for
120 h.

Preparation of cell lysate

In the sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) sample, 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 chloride, 1% Nonidet
P-40, 1% sodium deoxycholate, 0.1% SDS, and 1x
protease inhibitor cocktail (Thermo Fisher Scientific
Inc., Waltham, MA, United States)]. Subsequently,
cell lysates were passed through a syringe several
times for further homogenization, and they were
centrifuged at 12000x g for 10 min at 4 C. After the
protein concentrations were measured, cell lysates
were dissolved in LDS sample buffer (Invitrogen of
Thermo Fisher Scientific) containing 10% sample
reducing agent (Invitrogen) and boiled for 10 min at
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70 C.

In the two-dimensional gradient SDS-PAGE sa-
mple, cells were washed with ice-cold PBS(-) and
subjected to 10% trichloroacetic acid for 30 min
at 4 'C. Subsequently, collected cells were washed
with PBS(-) and dissolved in urea buffer (2 mol/L
thiourea, 7 mol/L urea, 3% CHAPS, 1% Triton X-100,
10% sample reducing agent) for 30 min at 4 ‘C. The
resulting suspension was centrifuged at 20000x g for
30 minat4 C.

Protein concentrations were measured using the
Bradford assay (Bio-Rad Laboratories Inc., Hercules,
CA, United States).

Two-dimensional gradient SDS-PAGE and mass
spectrometry protein identification

After measuring the protein concentrations, cell
lysates that modified acrylamide (100 pg) were se-
parated in agar gel (pH range: 3-10 or 5-10) (ATTO,
Tokyo, Japan) and 5-20% SDS-polyacrylamide
gradient gel (ATTO). All processes were performed
according to the manufacturer’s instructions.

After two-dimensional gradient SDS-PAGE, the
gel was stained with EzStain Aqua (ATTO) for 3 h
and washed with distilled water. The selected spots
were identified by matrix-assisted laser desorption/
ionization time-of-flight mass spectrometry (MALDI-
TOF-MS) analysis. We consigned MALDI-TOF-MS
analysis to Genomine, Inc (Kyungbuk, Korea).

Western blot analysis

Cell lysates were separated by electrophoresis and
then electro-transferred onto polyvinylidene difluoride
(PVDF) membranes (Millipore Corporation, Billerica,
MA, United States). Membranes were blocked for
60 min by using the PVDF blocking reagent for Can
Get Signal (Toyobo, Osaka, Japan). After washing
with PBS containing 0.05% Tween 20 (PBS-T), the
membranes were incubated with rabbit anti-Glycer-
AGEs antibody, mouse anti-heterogeneous nuclear
ribonucleoprotein M (hnRNPM) antibody (Millipore),
mouse anti-p-actin antibody (Santa Cruz Biotech-
nology, Dallas, TX, United States), or rabbit anti-
GAPDH antibody (GeneTex, Irvine, CA, United
States) in Can Get Signal Solution 1 (Toyobo) for
1 h. Subsequently, the membranes were washed
three times with PBS-T and incubated with anti-
rabbit IgG antibody (GeneTex) or anti-mouse IgG
antibody (Dako of Agilent Technologies, Santa Clara,
CA, United States) in Can Get Signal Solution 2
(Toyobo) for 1 h. After five additional washes with
PBS-T, immunoreactive proteins were detected using
ECL Prime Western Blotting Detection Reagents and
Amersham hyperfilm ECL (GE Healthcare Ltd., Little
Chalfont, Buckinghamshire, United Kingdom).

Neutralization of rabbit anti-Glycer-AGEs antibody
Glycer-AGEs were prepared as described previously!'”.
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Briefly, 25 mg/mL of bovine 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 diethylenetriaminepentaacetic acid
(Dojindo Laboratories, Kumamoto, Japan) in 0.2 mol/L
phosphate buffer (pH 7.4). As a control, unglycated
BSA was incubated under the same conditions,
but without glyceraldehyde. The unglycated and
glycated albumin were purified using a PD-10 column
(GE Healthcare Ltd.) and dialysis against PBS. All
preparations were tested for endotoxin using the
Endospecy ES-20S system (Seikagaku Co., Tokyo,
Japan). Protein concentrations were determined using
the Dc protein assay reagent (Bio-Rad Laboratories)
using BSA as a standard.

The amount of Glycer-AGEs-BSA required to
neutralize rabbit anti-Glycer-AGE antibody was cal-
culated based on a standard curve of Glycer-AGEs-
BSA in a competitive ELISA. The antibody was
incubated with 50 pg/mL of Glycer-AGEs-BSA for
1 h at room temperature and it was used for the
subsequent experiments.

Real-time reverse transcription-PCR

Total RNA was isolated from Hep3B cells using
ISOGEN II (Nippon Gene, Tokyo, Japan), and cDNA
was synthesized using random primers and reverse
transcriptase. Real-time reverse transcription-PCR
was performed using a Smart Cycler II System
(Takara, Shiga, Japan), as previously described!®,
The primers used were as follows: hnRNPM, 5'-GAG
GCC ATG CTC CTG GG-3’ and 5’-TTT AGC ATC TTC
CAT GTG AAA TCG-3’; and B-actin, 5’-TCC ACC TCC
AGC AGA TGT GG-3’ and 5’-GCA TTT GCG GTG GAC
GAT-3'.

Statistical analysis

All experiments were performed in duplicate and
repeated at least two or three times. Each expe-
riment yielded essentially identical results. Data are
expressed as the mean + SD. The significance of
differences between group means was determined
using a t-test. P < 0.05 was defined as significant.

RESULTS

Exposure to high fructose concentrations enhanced the
formation of intracellular Glycer-AGEs in Hep3B cells

We examined whether intracellular Glycer-AGEs were
formed by exposure to high fructose concentrations.
In a Western blot analysis using the anti-Glycer-AGEs
antibody after two-dimensional gel electrophoresis,
various spots were detected in the control and
fructose samples (Figure 1A and B). Western blot
analysis using neutralized anti-Glycer-AGEs antibody
was used to clarify the nonspecific spots, which
showed no difference in their expression levels or
expression pattern between the two samples (Figure

February 14, 2015 | Volume 21 | Issue 6 |



A kDa 3 10

260

160

110
80

60

50
40

30

20

15

C kDa 3 10

260

160

110
80

60

50
40

30

20
15

Takino J et a/. hnRNPM is the target of glycation

|
B kDa 3 P 10

260

160

110
80

60

50
40

30
20

15

D kDa

260

160

110
80

60

50
40

30

20
15

Figure 1 Western blot analysis of intracellular glyceraldehyde-derived advanced glycation end-products. Cells were incubated with or without 2 mmol/L
fructose for 5 d. Cell lysates (100 ug of protein/gel) were separated on two-dimensional gradient sodium dodecyl sulfate-polyacrylamide electrophoresis and probed
with Anti-glyceraldehyde-derived advanced glycation end-products (Glycer-AGEs) antibody (A, B), or anti-Glycer-AGEs antibody neutralized by an excess of Glycer-
AGEs-bovine serum albumin (C, D); A,C: control samples; B,D: Fructose samples. The arrow shows spots where a difference was seen.

1C and D). In the sample that was exposed to high
fructose concentrations, the Glycer-AGE spots were
observed to have isoelectric points in the range of
8.0-9.0 and molecular weights in the range of 60-80
kDa (Figure 1B arrow).

Identification of the proteins modified by glyceraldehyde
upon exposure to high fructose concentrations

After two-dimensional gel electrophoresis, for the
sample exposed to high concentrations of fructose,
the gel was stained with Coomassie blue (Figure
2). The gel spots that matched those detected with
anti-Glycer-AGEs antibody were identified by mass
spectrometry analysis. We identified four spots of
Glycer-AGEs (Figure 2 circle), and interestingly, all
four proteins were hnRNPM (Table 1). The spots
detected with anti-Glycer-AGEs antibody were in
accordance with the spots detected with anti-hnRNPM
antibody (Figure 3).

hnRNPM is the target protein of glycation

We examined the effects of exposure to high fructose
concentrations on the modification of hnRNPM
by glyceraldehyde. Fructose exposure induced a
concentration-dependent increase in glyceraldehyde
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modification of hnRNPM, but it did not increase the
protein or mRNA levels of hnRNPM (Figure 4).

Next, we examined the effects of the modification
of hnRNPM by glyceraldehyde, which is a precursor
of Glycer-AGEs. After 5 d in culture, the cells were
incubated with or without 4 mmol/L glyceraldehyde
for 6 h. Western blot analysis using anti-Glycer-AGEs
antibody after two-dimensional gel electrophoresis
showed that the various spots of the glyceraldehyde
sample were detected more strongly than the control
sample (Figure 5A and B). The spot of hnRNPM
was also included (Figure 5B arrow). Furthermore,
Western blot analysis using anti-hnRNPM antibody
showed the bands that shifted to the top, whereas
the hnRNPM protein of 68 kDa was decreased by the
addition of glyceraldehyde. On the other hand, such
a change was not seen in p-actin or GAPDH (Figure 5C).

DISCUSSION

Glycer-AGEs cause various intracellular and ex-
tracellular adverse effects. Extracellular Glycer-
AGEs interact with receptors for AGEs and increase
oxidative stress by the production of reactive oxygen
species in the cell®’. On the other hand, intrace-
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Figure 2 Coomassie blue staining of the two-dimensional gradient gel. A: High fructose exposure samples were separated on two-dimensional gradient sodium
dodecy! sulfate-polyacrylamide electrophoresis and then stained with EzStain Aqua; B: Higher magnification of the square region of the left panel. The number and the
position of the four selected spots are indicated by circles.
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Figure 3 Detection of glyceraldehyde modification of heterogeneous nuclear ribonucleoprotein M by high fructose exposure. A: Samples exposed to high
fructose concentrations were separated on two-dimensional gradient sodium dodecyl sulfate-polyacrylamide electrophoresis and probed with anti-glyceraldehyde-
derived advanced glycation end-products (Glycer-AGEs) antibody. The arrow shows spots where a difference was seen; B: They were reprobed with heterogeneous
nuclear ribonucleoprotein M (hnRNPM) antibody.

Table 1 Identification of intracellular glyceraldehyde-derived advanced glycation end-products formed by high fructose exposure

Spot No. Protein name Score  Mass values matched Coverage Calculated isoelectric point Nominal mass (kDa)
1 Heterogeneous nuclear ribonucleoprotein M 90 13 20% 8.8 78
2 Heterogeneous nuclear ribonucleoprotein M~ 99 18 27% 8.8 78
3 Heterogeneous nuclear ribonucleoprotein M 84 16 28% 8.8 78
4 Heterogeneous nuclear ribonucleoprotein M 76 14 22% 8.8 78

Selected spots were identified by matrix-assisted laser desorption/ionization time-of-flight mass spectrometry analysis. The number and the position of the
four selected spots refer to the numbered spots in Figure 2B.

llular Glycer-AGEs cause a functional change in the the fructose metabolic pathway. Fructose metabolism
protein itself'*?), We previously observed that gly- involves fructokinase and is especially important in
ceraldehyde, which is a precursor of Glycer-AGEs, the liver after food intake. Fructose is phosphorylated
increases the intracellular Glycer-AGEs in Hep3B to fructose-1-phosphate (F-1-P) by a specific kinase,
cells. Among the intracellular Glycer-AGEs that were and the liver aldolase B can cleave F-1-P to produce
formed, heat shock cognate 70 was identified as a dihydroxyacetone phosphate and glyceraldehyde™®.
glyceraldehyde-modified protein, and the modification Therefore, the liver more readily accumulates
by glyceraldehyde reduced the activity of the protein!*®. glyceraldehyde than other organs. In this study, we

In the liver, glyceraldehyde is believed to be have described the formation of intracellular Glycer-
produced by two pathways: the glycolytic pathway and AGEs induced by high fructose exposure in Hep3B

Raishidenge ~ WJG | www.wjgnet.com 1788 February 14, 2015 | Volume 21 | Issue 6 |
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Figure 4 Effects of glyceraldehyde modification of heterogeneous nuclear ribonucleoprotein M by high fructose exposure. Cells were incubated with 0.5-10.0
mmol/L fructose for 5 d. A: Cell lysates were separated on two-dimensional gradient sodium dodecy! sulfate-polyacrylamide electrophoresis (SDS-PAGE) and the
glyceraldehyde modification of heterogeneous nuclear ribonucleoprotein M (hnRNPM) was determined by probing with anti-Glycer-AGEs antibody. The arrow shows
spots identified with hnRNPM; B: Cell lysates were separated by SDS-PAGE and probed with anti-hnRNPM antibody. Equal protein loading was determined using
anti-B-actin antibody; C: The levels of mRNA expression were analyzed by real-time RT-PCR, and the result was normalized to B-actin. Data are shown as mean +
SD (n = 6); °P < 0.05 vs control. Left panel: With 2 mmol/L fructose, right panel: With 10 mmol/L fructose.

cells.

Whether the in vitro addition of fructose to he-
patocytes is physiologically relevant is an important
issue for further research. Le et al’*’’ demonstrated
that the baseline fructose level in the human peri-
pheral vein was about 5 umol/L, and after ingestion
of 24 oz of HFCS-sweetened beverages, this level
increased to 0.3 mmol/L. Fructose absorbed in the
small intestine is carried to the portal vein. There-
fore, it is expected that the portal vein has higher
fructose levels than the peripheral vein. Further-
more, Sugimoto et al*? demonstrated that the peak
concentration of portal fructose was approximately
ten times that of peripheral fructose after sucrose
ingestion in rats. This is consistent with our findings,
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which show that Glycer-AGEs were detected even
when the concentration of fructose was less than 3
mmol/L.

Heterogeneous nuclear ribonucleoproteins, which
directly bind to nascent RNA polymerase 1I tran-
scripts, play an important role in processing hetero-
geneous nuclear RNAs to form mature mRNAs and in
regulating gene expression. It is known that hnRNPM
appears as a cluster of four proteins, M1-4, of 64-68
kDa in two-dimensional gel electrophoresis™!. We
showed that a Glycer-AGE, which we identified to be
hnRNPM, is a modified protein that was detected in
cells exposed to high fructose concentrations, and
this exposure induced a concentration-dependent
increase in Glycer-AGEs (glyceraldehyde-modified
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Figure 5 Effects of glyceraldehyde modification of heterogeneous nuclear ribonucleoprotein M. Hep3B cells were incubated for 5 d and incubated with or
without 4 mmol/L glyceraldehyde for 6 h. Cell lysates were separated on two-dimensional gradient sodium dodecy! sulfate-polyacrylamide electrophoresis (SDS-
PAGE) (A, B); or SDS-PAGE and probed with anti-Glycer-AGEs antibody (C). A: Control sample; B: Glyceraldehyde sample. The arrow shows spot identified with

heterogeneous nuclear ribonucleoprotein M (hnRNPM).

hnRNPM). It is known that the ketones or aldehydes
of sugars can modify the side chains of lysine and
arginine residues in proteins™*?*!; Cotham et a/*®!
demonstrated that dicarbonyl compounds react
primarily with arginine residues. Lysine and arginine,
amino acids that have a basic side chain, are im-
portant in RNA-protein interactions'” =Y, In particular,
the function of hnRNPM may be to influence lysine
sumoylation and arginine methylation, which are
post-translational modifications®**¥, Furthermore,
hnRNPM possesses an unusual hexapeptide-repeat
region rich in methionine and arginine residues (MR
repeat motif)*®!, and this motif may participate in
the formation of Glycer-AGEs. In experiments where
glyceraldehyde is externally added, the bands that
shifted to the top appeared, while the level of 68-kDa
hnRNPM protein was decreased. It is well known
that the glycation of proteins forms intermolecular
crosslinking®* %, Therefore, it is thought that this
phenomenon of crosslinking characterizes glycation.
However, no crosslinking was observed in p-actin or
GAPDH. This suggests that the hnRNPM protein was
more easily glycated than the other proteins.

Finally, in order to understand hnRNPM function,
we used RIP-Chip analysis in Hep3B cells to identify
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1790

the genes that are controlled by hnRNPM. The results
showed that apolipoprotein E (APOE) and fibrinogen-
like 1 (FGL1) were included in the top 50 such genes
(Table 2). It is known that APOE is a ligand for low-
density lipoprotein receptors and participates in the
transport of cholesterol and other lipids®®. It was
reported that the APOE polymorphism is significantly
associated with NASH™®. Furthermore, APOE-defi-
cient, APOE*3-Leiden (variant form of APOE), and
APOE2 knock-in (APOE2ki) mice are widely used as
models of liver steatosis™*’\. These mice were main-
tained on a high-fat diet to allow the development of
NASH™* 1t is also known that FGL1 expression is
induced after liver injury; FGL1 stimulates hepatocyte
proliferation and protects hepatocytes from injury™* !,

In conclusion, among the intracellular Glycer-
AGEs that were formed, hnRNPM was identified as
a glyceraldehyde-modified protein, and it was more
easily glycated than the other proteins. Therefore,
we believe that the gene responsible for NAFLD
and NASH is among those whose expression is re-
gulated by hnRNPM. These results suggest that
intracellular Glycer-AGEs may play a critical role in
the pathogenesis of NAFLD and NASH and may serve
as potential targets for therapeutic intervention. A

February 14, 2015 | Volume 21 | Issue 6 |
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Table 2 Top 50 RNA targets of heterogeneous nuclear ribonucleoprotein M in Hep3B cells

Rank Gene title Gene symbol

1 Apolipoprotein E APOE

2 Albumin ALB

3 RNA, 28S ribosomal 1 RN28S1

4 PQ loop repeat containing 2 PQLC2

5 Zinc finger protein 865 ZNF865

6 Unknown A_33_P3396434
7 lincRNA XLOC_I2_004940
8 CD63 molecule CD63

9 Eukaryotic translation elongation factor 1 alpha 1 EEF1A1

10 G protein-coupled receptor 155 GPR155

11 Family with sequence similarity 74, member A4 FAM74A4

12 LOC284600 ENST00000448179
13 LOC100506453 ENST00000381105
14 ATP synthase, H+ transporting, mitochondrial Fo complex, subunit G ATP5L

15 Unknown A_33_P3370515
16 Proteasome (prosome, macropain) 26S subunit, non-ATPase, 2 PSMD?2

17 Ribosomal protein L.23 RPL23

18 Proteasome (prosome, macropain) subunit, beta type, 1 PSMBI1

19 Arsenic (+3 oxidation state) methyltransferase AS3MT

20 Heat shock 60 kDa protein 1 (chaperonin) HSPD1

21 H2A histone family, member V H2AFV

22 lincRNA XLOC_I2_015885
23 Fucosyltransferase 6 (alpha (1,3) fucosyltransferase) FUT6

24 Cytochrome P450, family 2, subfamily W, polypeptide 1 CYP2W1

25 Unknown A_33_P3275826
26 Microtubule-associated protein 4 MAP4

27 lincRNA XLOC_I2_002910
28 X-ray repair complementing defective repair in Chinese hamster cells 6 XRCC6

29 Solute carrier family 16, member 12 (monocarboxylic acid transporter 12) SLC16A12

30 Actin, beta ACTB

31 Unknown A_33_P3315763
32 Mitochondrial carrier 1 MTCH1

33 Stromal cell-derived factor 2-like 1 SDF2L1

34 Chromosome 19 open reading frame 10 C19orf10

35 Kinesin family member 1C KIF1C

36 Fibrinogen-like 1 FGL1

37 RAN, member RAS oncogene family RAN

38 Unknown ENST00000400768
39 Homer homolog 3 (Drosophila) HOMER3

40 HscB iron-sulfur cluster co-chaperone homolog (E. coli) HSCB

41 Canopy 2 homolog (zebrafish) CNPY2

42 Thymidine phosphorylase TYMP

43 F11 receptor FIIR

44 Mastermind-like 1 (Drosophila) MAMLI

45 Electron-transfer-flavoprotein, beta polypeptide ETFB

46 Heterogeneous nuclear ribonucleoprotein A1l HNRNPA1

47 Alpha-1-microglobulin/bikunin precursor AMBP

48 Calreticulin CALR

49 Solute carrier family 25 (mitochondrial carrier; phosphate carrier), member 3 SLC25A3

50 Alpha-2-HS-glycoprotein AHSG

RNA-hnRNPM complexes were co-immunoprecipitated with anti-heterogeneous nuclear ribonucleoprotein M antibody bound to protein G-magnetic

beads, and RNAs were isolated and identified by microarray analysis.

further analysis of the target genes of hnRNPM will be
necessary in the future.

COMMENTS

Background

Excessive intake of fructose contributes to the development of nonalcoholic
fatty liver disease and to the progression of the disease to nonalcoholic
steatohepatitis (NASH). Fructose is metabolized to glyceraldehyde, which
is a precursor of glyceraldehyde-derived (Glycer)-advanced glycation end-
products (AGEs). AGEs are formed by the Maillard reaction, a nonenzymatic
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reaction that occurs between the ketones or aldehydes of sugars and the
amino groups of proteins. AGEs are associated with aging and diabetes-related
pathologic complications. The immunohistochemical analysis of Glycer-AGEs
shows an intense staining in the livers of patients with NASH. However, the
effects of fructose on the formation of intracellular Glycer-AGEs remain poorly
understood.

Research frontiers

Evidence suggests that among the various AGEs, Glycer-AGEs are associated
with diabetes-related pathologic complications, NASH, and cancer. The
extracellular Glycer-AGEs-receptor for AGE signaling pathway is well
understood, and it has been previously shown that AGE modifications adversely
alter protein functions. In this study, the authors examined the formation of
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intracellular Glycer-AGEs in the presence of high concentrations of fructose.

Innovations and breakthroughs

This study reported the formation of intracellular Glycer-AGEs and identified
the glyceraldehyde-modified proteins by exposing the cells to high fructose
concentrations.

Applications

The experimental data can be used in further studies for therapeutic
intervention using these Glycer-AGEs as potential targets.

Peer-review

The study by Takino and coworkers focuses on the molecular mechanism
with which excessive intake of fructose contributes to the development of an
emerging and worrisome pathology such as nonalcoholic fatty liver disease and
its inflammatory progression, NASH.
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