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Increased production of methylglyoxal (MG) in vascular tissues is one of the causative
factors for vascular remodeling in different subtypes of metabolic syndrome, including
hypertension and insulin resistance. Fructose-induced upregulation of aldolase B (AldoB)
contributes to increased vascular MG production but the underlying mechanisms have
been unclear. Serum levels of MG and fructose were determined in diabetic patients with
hypertension. MG level had significant positive correlations with blood pressure and
fructose level respectively. C57BI/6 mice were fed with control or fructose-enriched diet
for 3 months and ultrasonographic and histologic analyses were performed to evaluate
arterial structural changes. Fructose-fed mice exhibited hypertension and high levels of
serum methylglyoxal with normal glucose level. Fructose intake increased blood vessel
wall thickness and vascular smooth muscle cell (VSMC) proliferation. Western blotting
and real-time PCR analysis revealed that AldoB level was significantly increased in both
the aorta of fructose-fed mice and the fructose-treated VSMCs, whereas AldoA
expression was not changed. The knockdown of AldoB expression prevented fructose-
induced MG overproduction and VSMC proliferation. Moreover, fructose significantly
increased ChREBP, phosphorylated FoxO1/3a and Akt1 levels. Fructose induced
translocation of ChREBP from the cytosol to nucleus and activated AldoB gene
expression, which was inhibited by the knockdown of ChREBP. Meanwhile, fructose
caused FoxO1/3a shuttling from the nucleus to cytosol and inhibited its binding to AldoB
promoter region. Fructose-induced AldoB upregulation was suppressed by Akt1 inhibitor
but enhanced by FoxO1/3a siRNA. Collectively, fructose activates ChREBP and inactivates
FoxO1/3a pathways to upregulate AldoB expression and MG production, leading to
vascular remodeling.
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Abstract

Increased production of methylglyoxal (MG) in vascular tissues is one of the causative
factors for vascular remodeling in different subtypes of metabolic syndrome, including
hypertension and insulin resistance. Fructose-induced upregulation of aldolase B (AldoB)
contributes to increased vascular MG production but the underlying mechanisms have been
unclear. Serum levels of MG and fructose were determined in diabetic patients with hypertension.
MG level had significant positive correlations with blood pressure and fructose level respectively.
C57BIl/6 mice were fed with control or fructose-enriched diet for 3 months and ultrasonographic
and histologic analyses were performed to evaluate arterial structural changes. Fructose-fed mice
exhibited hypertension and high levels of serum methylglyoxal with normal glucose level.
Fructose intake increased blood vessel wall thickness and vascular smooth muscle cell (VSMC)
proliferation. Western blotting and real-time PCR analysis revealed that AldoB level was
significantly increased in both the aorta of fructose-fed mice and the fructose-treated VSMCs,
whereas AldoA expression was not changed. The knockdown of AldoB expression prevented
fructose-induced MG overproduction and VSMC proliferation. Moreover, fructose significantly
increased ChREBP, phosphorylated FoxO1/3a and Aktl levels. Fructose induced translocation of
ChREBP from the cytosol to nucleus and activated AldoB gene expression, which was inhibited
by the knockdown of ChREBP. Meanwhile, fructose caused FoxO1/3a shuttling from the nucleus
to cytosol and inhibited its binding to AldoB promoter region. Fructose-induced AldoB
upregulation was suppressed by Aktl inhibitor but enhanced by FoxO1/3a siRNA. Collectively,
fructose activates ChREBP and inactivates FoxO1/3a pathways to upregulate AldoB expression
and MG production, leading to vascular remodeling.
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AA, abdominal aorta; AGEs, advanced glycation endproducts; AldoB, aldolase B, CA, carotid
artery; ChIP, chromatin immunoprecipitation; ChoRE, carbohydrate-responsive element;
ChREBP, carbohydrate-responsive element-binding protein; DBP, diastolic blood pressure;
DHAP, dihydroxyacetone phosphate; EDV, end-diastolic velocity; FoxO, forkhead box
transcription factor of the O class; GLUTS, glucose transporter 5; GA3P,
glyceraldehyde-3-phosphate; HR, heart rate; MA, mesenteric artery; MG, methylglyoxal; PSV,
peak systolic velocity; R, resistance index; SBP, systolic blood pressure; T2DM, type 2 diabetes

mellitus; TSS, transcription start site; VSMC, vascular smooth muscle cell.



Introduction

High intake of fructose, primarily in the form of added dietary sugars, is increasingly
recognized as one risk factor for the development of hypertension and diabetes [1,2]. Previous
studies have shown that high fructose intake induces cardiovascular dysfunction in both animals
and humans [3]. Epidemiologic data showed that adults taking high-fructose diets are more prone
to atherosclerosis and vascular changes than those having normal diets [4]. Our previous animal
studies linked fructose consumption to increased methylglyoxal (MG) production [5,6]. MG is
one of the causative factors for hypertension and vascular complications of diabetes [7,8]. It can
react with certain residues of proteins to form advanced glycation endproducts (AGEs) and cause
the dysfunction of the modified proteins. MG is a highly reactive dicarbonyl metabolite produced
during glucose and fructose metabolisms [5]. Fructose and MG levels in the blood or vascular
tissues were elevated in animal metabolic syndrome models, such as spontaneously hypertensive
rats [7], fructose-fed hypertensive rats [9], obese non-diabetic or diabetic Zucker rats [10].

Aldolase B (AldoB) is the key enzyme for the conversion of fructose to MG in vascular
tissues [10,11]. Increased fructose level upregulates AldoB expression and results in increased
MG production. However, the mechanisms by which fructose upregulates AldoB expression are
not clear. As such, the strategies to intervene AldoB upregulation and MG overproduction during
vascular remodeling remain elusive [12].

The carbohydrate-responsive element-binding protein (ChREBP) is a central transcription
factor for the expression of key genes involved in energy metabolism after glucose intake [13, 14].
ChREBP can enter the nucleus and binds to carbohydrate-responsive element (ChoRE) core
motifs [14]. Several ChoRE core motifs are found at the upstream of transcription start site (TSS)
on AldoB promoter region and the binding of ChREBP to ChoRE after glucose induction was
reported to upregulate hepatic AldoB gene expression [14,15]. Whether ChREBP regulates AldoB
gene expression in VSMCs and whether the expression and activity (phosphorylation vs.
dephosphorylation) of ChREBP in VSMCs are altered by fructose in hypertension or other forms
of metabolic syndrome have been unknown. Furthermore, it has been reported that in cell survival
signaling, the insulin-responsive phosphoinositide-3-kinase (PI3K)/Akt pathway mediates the
proliferation of VSMCs [16]. Upon stimulation with growth factors, PI3K mediates the
phosphorylation of Akt, which interacts with intracellular signaling molecules to promote cell
survival. As prominent effectors of the PI3K/Akt pathway, the forkhead box transcription factor
of the O class (FoxOs) is involved in diverse physiological functions, including apoptosis, cell
proliferation, and metabolism [17]. The mammalian FoxO family contains four functional
isoforms (FoxOl, 3a, 4, and 6). Among these, FoxO1 and 3a are abundantly expressed in blood
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vessels and play an early role in the development of tissue insulin resistance [17]. It has been
reported that insulin inhibits the activity of FoxO1/3a in blood vessels or VSMCs through Akt
activation and leads to phosphorylation of FoxOs, and its binding to 14-3-3 proteins, and export
to the cytoplasm [17-19]. Currently, there is no evidence for the regulation of AldoB gene
expression by FoxOs in any tissue. Whether and how the interaction of fructose with FoxOs
regulates AldoB gene expression in VSMCs have been unknown.

We hypothesized that fructose-induced overexpression of AldoB is mediated by FoxO1/3a
and ChREBP. To test our hypothesis, mice were fed with a high-fructose diet to induce vascular
remodeling. The changes in AldoB expression, the PI3K/Akt/FoxO pathway, and ChREBP
signaling in VSMCs were analyzed. Our study provides the first evidence that fructose
orchestrates the expression and activities of ChREBP and Akt1/FoxO pathways to upregulate

AldoB expression and MG production, leading to vascular remodeling.

Materials and Methods
Diabetic mellitus patients with hypertension

The clinic study was conducted on hospitalized or ambulatory patients with type 2 diabetes
mellitus (T2DM) at the Xijing hospital of the fourth military medical university (FMMU) in
Xi’an, China. T2DM was diagnosed according to the criteria of the American Diabetes
Association. At a regular ambulatory visit or at the time of hospitalization, participants underwent
baseline anthropometric and physical exams. Blood samples were collected after 12 hour
overnight fasting and separated serum samples were immediately stored at -80°C until analyzed
for MG and fructose. Fasting blood glucose (FBG), total cholesterol (TC), high-density
lipoprotein (HDL), low-density lipoprotein (LDL), triglyceride (TG) and glycosylated
hemoglobin (HbAlc) levels were measured with standard laboratory techniques on a Hitachi
7600 Analyzer (Hitachi; reagents from Roche Diagnostics). Fasting insulin (FIns) was routinely
measured using radioimmunoassay. Homeostasis model of insulin resistance (HOMA-IR) index
was calculated according to the formula, HOMA-IR=FInsxFBG/22.5. For the purpose of research,
we excluded patients who took anti-diabetic agents and those with acute or chronic infections,
liver disease, autoimmune diseases and other serious concomitant diseases. The remaining
patients with or without hypertension, aged 32 to 69 years old, were enrolled. Hypertension was
diagnosed and categorized according to the guidelines of WHO [20]. We also recruited 26
healthy subjects with normal blood pressure and without diabetes from Xijing hospital (during
their Annul physical exams), as the age- and sex-matched controls. The study protocol was
approved by ethical committees of Xijing Hospital and FMMU, and informed consents were
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obtained from all participants.

Animals and cell culture

All animal care and experimental procedures were approved by the Animal Care
Committee of Lakehead University, following the guidelines of the Canadian Council on Animal
Care. In-house-bred male C57BL/6 mice, 5 weeks old, were used. Prior to dietary manipulation,
all mice were fed with standard rodent chow diet (Rodent RQ 22-5; Zelgler Bros Inc). The control
mice were fed with the standard chow, while the experimental animals (body weight matched)
were fed with a high fructose diet containing 60% fructose (wt/wt) (TD.89247; Harlan
Laboratories Inc) for 12 weeks and allowed ad libitum access to water and food. Body weights of
the mice were monitored monthly. In the final week of treatment, systolic blood pressure (SBP),
diastolic blood pressure (DBP) and heart rate (HR) were measured using a non-invasive tail-cuff
system (CODA-6, Kent Scientific). The mean of over six consecutive readings was used as the
measurement of the blood pressure of each mouse. At the completion of the 12 week feeding
period, echocardiographic and Doppler examination were performed. After the termination of the
animals by inhalation of CO,, tissues were taken and stored at -80°C. The blood was collected
and serum separated by centrifugation.

To investigate whether the increase in blood vessel thickness and AldoB expression are due
to an increase in blood pressure level or direct effects of fructose/MG on VSMCs, hypotensive
drugs, nifedipine and Aktl inhibitor, A674563 were administered daily by gavage to high
fructose-fed mice. The control mice were fed with the standard chow. At the completion of the 2
week feeding period, SBP and DBP were measured using a non-invasive tail-cuff system. The
animals were killed by inhalation of CO, and tissues were isolated as mentioned above.

Rat aortic VSMCs (A-10 line) from American Type Culture Collection were cultured in
Dulbecco's modified Eagle's medium (DMEM) containing 10% fetal bovine serum (FBS) as
described in our previous studies [21].

Primary rat aortic VSMCs were prepared from thoracic aorta of 2- to 3-month-old SD rats
and assessed for purity as previously described [22]. The cells were maintained in DMEM
supplemented with 10% FBS, 100 U/mL penicillin and 100 pg/mL streptomycin. The cells from

passages 2-4 were used in experiments.

High frequency micro-ultrasound
Echocardiographic and Doppler examination were performed using a Vevo 2100

high-resolution ultrasound unit (Visualsonics). In brief, mice were fasted overnight and
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anesthetized with 2-3.5% isoflurane initially and 1-2.5 % isoflurane during the entire procedure.
The mice were laid on a temperature-controlled platform in the supine position with all legs taped
to electrocardiogram electrodes for heart rate monitoring during the experiment. The left carotid
artery (CA), abdominal aorta (AA), and superior mesenteric artery (MA) were imaged in the
2-dimensional short- and long-axis view, and time-varying tracings were recorded to examine
vascular diameters and artery wall thickness. To determine blood flow velocity, the time-varying
velocity waveforms were recorded in pulse-wave Doppler mode. Data were analyzed offline
using the Vevo 2100 software (version 1.1.1, Visualsonics). From the M-mode recording, the wall
thickness, end-diastolic and end-systolic internal dimensions were measured for three cardiac
cycles and averaged. From Doppler spectra, the peak systolic velocity (PSV) and the
end-diastolic velocity (EDV) were measured and averaged for 3 consecutive cardiac cycles.
Resistance index (RI) as a measure of blood flow resistance in the downstream vasculature from

where the sample volume was positioned, was calculated as Rl = (PSV-EDV)/PSV.

Vascular morphology and smooth muscle cell counts

The CA at the carotid midsection, AA from the level of the diaphragm through to the
superior mesenteric artery region, and MA near abdominal aorta were removed, fixed in 10%
formalin solution, and embedded in paraffin. Sections (4 um thick) were placed on glass slides,
and paraffin was removed by xylene. Then, the tissue sections were stained with haematoxylin
and eosin (H&E) reagent. Examination and photographs were taken with an IX70 inverted phase
contrast microscope (Olympus).

For the quantification of smooth muscle cells, an anti-a-smooth muscle actin antibody was
applied to formalin-fixed paraffin-embedded sections that had been previously subjected to
antigen retrieval and blocked with 1% bovine serum albumin. The sections were stained with
fluorescein isothiocyanate (FITC)-conjugated goat anti-rabbit immunoglobulin G (IgG) and
counterstained with 4',6-diamidino-2-phenylindole (DAPI). Images were captured and the
high-contrast image of DAPI-stained nuclei was overlaid with the a-smooth muscle actin-positive
FITC-stained image (VSMCs). The total numbers of VSMCs per tissue sample was calculated by
point counting the DAPI-stained nuclei in colocalized areas of FITC and DAPI as described [23].
Nuclei that did not colocalize with FITC were defined as other cell types (endothelial cells,
fibroblasts, etc.). The vessel wall thicknesses were measured using mage-pro plus software
(Media Cybernetics, Bethesda, MD, USA). Each data point represents at least 18 images from six

animals.



Immunofluorescence microscopy

The expression of ChREBP, FoxO1, FoxO3a and AldoB on vascular tissues was assessed
by immunohistochemistry performed on frozen sections. Briefly, the frozen sections were
rehydrated in PBS for 5 min, permeabilized with 0.1% Triton X-100 and blocked with 10% goat
serum. The sections were incubated overnight at 4°C with rabbit polyclonal anti-ChREBP
antibody (NB400-135, Novus), anti-FoxO1(Cell Signaling), anti-FoxO3a (Cell Signaling) and
mouse polyclonal anti-AldoB antibody (ab129728, Abcam). The sections were washed three
times with PBS and then incubated with Rhodamine- or FITC-conjugated secondary antibodies.
After several washes in PBS and coverslipped with a DAPI mounting medium, the images were
collected using fluorescent microscopy (IX70, Olympus). Image analysis was performed with
Image pro plus 6.0 software (Media Cybernetics CO.) referencing the method introduced
previously [24, 25]. In short, the mean pixel density was assessed for manually cropped areas of
uniform intensity in the nucleus or cytoplasm. All digital photographs were taken and measured
in the same parameter setting to insure these data were comparable. The VSMCs in two random
400x microscopic fields per slide were measured. The statistic evaluated was the average ratio of
the cytoplasmic region intensity to the nuclear region intensity for each microscopic field. Each

data point represents 12 images from six animals.

Cell proliferation assay

Cell proliferation was determined using the MTT and 5-bromo-2’-deoxyuridine (BrdU)
assays, respectively. The MTT test which measures metabolic activity as an indirect marker of
cell proliferation, was performed as previously described [26]. BrdU incorporation assay was also
used to evaluate the mitotic cell duplication with BrdU proliferation assay kits, according to

manufacturer’s instructions (Calbiochem).

In situ cell proliferation analysis

Proliferation in regions of the blood vessels was assayed using BrdU incorporation as
previously described [27]. Briefly, BrdU (100 mg/kg) was injected intraperitoneally into mice,
and 4 h later the blood vessels were removed and frozen-sectioned into 10-pm sections.
Following fixation and denaturized with 4 mol/L HCI, the sections were immunostained with
anti-BrdU antibody (Abcam). Immunofluorescence images were obtained using a confocal

microscope (FV1000, Olympus, Japan).

siRNA transfection



A-10 cells were transfected with specific siRNAs to knock down the expression of AldoA,
AldoB, ChREBP, FoxO1, and FoxO3a genes, using the DharmaFECT 2 reagent (Dharmacon)
according to manufacturer’s protocol. Non-targeting control siRNA was used as a transfection
control. Briefly, the cells were starved for 24 h, and mixture of 100 nM siRNA and transfection
reagent in serum-free DMEM were added to the culture medium. After 18 h of incubation, the
transfection medium was replaced by DMEM containing 10% FBS. After exposure to different
treatments, protein levels were determined by Western blotting and experiments were performed

following 72 h exposure to siRNA.

Western blotting

After different treatments, total proteins of aortas from mice or A-10 cells were extracted
with RIPA buffer containing protease inhibitor cocktail (Sigma). Nuclear and cytoplasmic
extracts were prepared using the NE-PER nuclear and cytoplasmic extraction reagent kit (Pierce),
and immunoblotting was performed as previously described [10]. Extracted proteins were
quantified using the Bradford assay (Thermo Fisher). Equal amounts of proteins were denatured
and separated by SDS-PAGE and transferred to nitrocellulose membranes for Western blot
analysis using primary antibodies as follows: anti-AldoA (1:200; Santa Cruz Biotechnology),
anti-AldoB (1:1000; Epitomics), anti-phospho-Akt1(Ser*”) (1:1000; Cell Signaling),
anti-Akt1(1:1000; Cell Signaling), anti-ChREBP (1:1000; Novus), anti-FoxO1(1:1000; Cell
Signaling), anti-FoxO3a (1:1000; Cell Signaling), anti-phospho-FoxO1(Ser***)(1:1000; Cell
Signaling), anti-phospho-FoxO1 (Thr**)(1:1000; Cell Signaling), anti-phospho-FoxO3a
(Ser”®)(1:1000; Cell Signaling) and anti-B-actin (1:5000; Sigma). The immunoreactions were
visualized by ECL detection Kit (GE Healthcare Life sciences) and exposed to x-ray films. Films

of Western blots were scanned and quantified using an image processor program.

Real-time PCR

AldoB and AldoA mRNA was determined by a real-time PCR assay as previously
described [10]. Briefly, total RNA was extracted from aorta tissues or A-10 cells using RNeasy
Mini Kits (Qiagen) according to manufacturer’s protocol. Total RNA was converted to cDNA
using an iScript™ ¢cDNA Synthesis Kit (Bio-Rad). Real-time PCR was performed using SYBR
Green PCR Master Mix (Bio-Rad) according to a two-step PCR protocol (1 min at 95°C, 40
cycles for 15 s at 95°C, 15 s at 60°C and 45 s at 72°C) with the iCycler iQ real-Time PCR
Detection System (Bio-Rad). Each sample was run and analyzed in triplicate, and the mRNA

level of AldoA or AldoB was normalized using B-actin as an internal control.
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ChIP

ChIP assay was performed using Epi Tect ChIP One-Day Kit (Qiagen) according to
manufacturer’s protocol. Briefly, A-10 cells were cross-linked with 1% formaldehyde at 37°C for
10 min, stopped by the addition of glycine. The cells were sonicated to shear DNA to sizes
between 500 to 1500 bp in sonication buffer. The sonicated supernatant (termed input) were
immunoprecipitated with nonspecific rabbit IgG (the negative control), anti-ChREBP
(NB400-135; Novus), anti-FoxO1 (ab39670; Abcam), anti-FoxO3a (ab12162; Abcam) or
anti-Histone H3 (the positive control; ab8580; Abcam ) antibodies. After purified, chromatin
DNAs were analyzed by real-time PCR using EpiTect ChIP qPCR primers (Qiagen,
GPR1075699(+)01A for FoxO1, GPR1075699(+)03A for FoxO3a, and GPR1075699(-)02A for
ChREBP) targeting AldoB promoter region. A standard PCR program with 40 cycles was used.
The binding intensity of ChREBP, FoxO1, or FoxO3a to the AldoB core promoter was
normalized to the level of input using the same primers. A single PCR band was visualized by

electrophoresis using 2% agarose gel stained with ethidium bromide.

Biochemical assay

Tissue samples were sonicated and centrifuged at 12000 g (10 min, 4°C). Total protein
levels were determined using Coomassie plus assay reagent (Pierce). Glucose and fructose levels
in serum and tissue samples were measured using a glucose assay kit (Bioassay Systems) and a
fructose assay kit (Bioassay Systems) according to manufacturer’s procedures, respectively.
Insulin concentrations in serum samples were measured using a mouse insulin ELISA kit

(Mercodia AB) according to manufacturer’s procedures.

MG measurement
MG was measured with an 0-phenylenediamine (0-PD)-based high-performance liquid

chromatography assay as described before [10, 28, 29].

Chemicals
SH-6 (Akt Inhibitor III) was purchased from Calbiochem. Cell culture media, MG,
D-fructose, insulin, BrdU and other chemicals were purchased from Sigma-Aldrich. Nifedipine

and A674563 were purchased from Selleckchem.

Statistical analysis
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All data are represented as mean + S.E.. All the statistical analysis was performed using
SPSS 16.0 (SPSS Inc., Chicago, IL, USA). Datasets were tested for normality using the
Kolmogorov-Smirnov test before further analysis. Correlations were assessed using Pearson's
correlation test. The independent determinants for hypertension were assessed by binary logistic
regression analysis, and the covariates chosen to enter the multivariate analysis model included
gender, age, smoke, serum glucose, MG and fructose levels. An unpaired two-tailed student’s t
test was used to compare data between two groups, whereas one-way ANOVA with Tukey’s
post-hoc tests was used for multiple comparisons. The difference between data was considered

significant when P value was less than 0.05.

Results
Correlation of serum MG and fructose levels with hypertension in T2DM patients
Demographic and clinical characteristics of the diabetic patients and healthy volunteers
(control) are shown in Supplementary Table S1. There were no statistically significant differences
in age, sex, body mass index, high-density lipoprotein and low-density lipoprotein levels between
the patients and control groups. Fasting serum glucose, insulin, HOMA insulin resistance index
(HOMA-IR), total cholesterol, triglyceride and glycosylated hemoglobin levels were increased in
the diabetic groups compared to control. Hypertensive patients had significantly higher serum
MG (Figure 1A) and fructose (Figure 1B) concentrations than healthy subjects. In those diabetic
patients with normal blood pressure, serum MG levels (Figure 1A) and fructose levels (Figure 1B)
were already significantly elevated. Correlation analysis (Figure 1C) showed MG levels had a
positive correlation with blood pressure. The correlation coefficients were 0.628 (P < 0.001, SBP)
and 0.659 (P < 0.001, DBP) respectively using simple correlational analysis. The fructose levels
were also positively correlation with SBP with the correlation coefficient of 0.377 (P < 0.001)
and with DBP with the correlation coefficient of 0.474 (P < 0.001) (Figure 1D).
Moreover, Correlation analysis (Figure 1E) showed MG levels had a significant positive
serum fructose levels 0.759 (P < 0.001). Multivariate logistic regression analysis showed that the
significant risk factors for hypertension included serum fructose (P=0.046), glucose (P=0.033)
and MG (P=0.023) levels but not female gender (P=0.762), age > 60 years (P=0.061) and smoke
(P=0.507) (Figure 1F).

Fructose-induced MG overproduction and hypertension
After a 12-week dietary intervention, fructose-fed mice had higher SBP and DBP than those
with control diet (P < 0.05, Supplementary Table S2), whereas body weights and serum
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glucose levels were similar for the two groups. Fructose-fed mice exhibited significantly higher
serum levels of fructose, MG, insulin and HOMA-IR than in control mice. Similarly, fructose-fed
mice had significantly elevated fructose and MG contents in their aortae in comparison to control

mice without difference in aortic glucose levels (Supplementary Table S3).

Fructose-induced vascular remodeling

After a 12-week dietary intervention, color Doppler blood flow analysis on living animals
revealed that the high-fructose diet significantly increased RI of CA, AA, and MA (Figure 2A and
2B-a). EDV in CA, AA, and MA of fructose-fed mice decreased by 58.5 %, 50.2 %, and 43.7 %,
respectively, as the PSV showed only minimal changes (Figure 2A-b and Supplementary Figure
S1). Thus, the increase in RI was directly related to a decreased EDV. As observed in the
time-varying tracings of individual blood vessels, the wall thickness was significantly increased
in CA, AA, and MA of fructose-fed mice relative to control mice (Figure 2A-c and B-b).
Furthermore, the diastolic and systolic diameters of CA, AA, and MA of fructose-fed mice were
significantly smaller than those of the control mice (Figure 2B-c and -d). These data
demonstrated that the high-fructose diet induced vascular remodeling and decreased vascular
compliance, likely due to medial hyperplasia.

Vascular morphology analysis on H&E stained histology sections showed increased blood
vessel thickness in fructose-fed mice (Figure 3A). The accumulation of VSMCs in blood vessel
wall was further identified by immunohistochemistry with the use of an anti-a-smooth muscle
actin antibody (FITC staining) and DAPI to stain the nucleus. By co-localization of FITC and
DAPI, we quantified the number of VSMCs within the vascular wall. The numbers of VSMCs
per blood vessel were significantly increased in CA, AA, and MA from fructose-fed mice relative
to control mice (23.1%, 29.9%, and 30.7% increase, respectively, P < 0.05) (Figure 3B).
Moreover, the blood wall thickness of CA, AA, and MA of fructose-fed mice were significantly

increased relative to control mice (Figure 3C).

Fructose-induced upregulation of AldoB, ChREBP, Aktl, and FoxOs
As shown in Figure 4A, aortic AldoB mRNA level of fructose-fed mice was increased by
86% in comparison with that of control mice. Western blotting analysis revealed that AldoB
protein level was significantly increased in the aorta by 125% in the fructose-fed mice in
comparison with that of control mice (Figure 4B).
Fructose-fed mice exhibited significantly increased ChREBP protein levels in their aortae

(Figure 4C). The ratio of phosphorylated (inactivated) to total FoxO1 levels was 180% higher in
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fructose-fed mice than control mice (P < 0.05, Figure 4D). Consistent with the increase in
phosphorylated FoxO1, the ratios of phosphorylated FoxO3a to total FoxO3a proteins was also
significantly increased in fructose-fed mice (P < 0.05, Figure 4D). Furthermore, fructose-fed mice
exhibited 148% increase in the ratio of phosphorylated to total Aktl protein (P < 0.05) (Figure

4E), indicative of increased activation of Aktl.

The mediation of fructose-induced MG overproduction and VSMC proliferation by AldoB
expression

To clarify a regulatory role of AldoB in fructose-induced VSMC proliferation, we treated
the cultured A-10 cells with fructose or fructose plus insulin. Fructose (0.01 to 10 mM) increased
AldoB expression at the protein (Supplementary Figure S2A and B) and mRNA levels
(Supplementary Figure S3A) in a concentration-dependent manner. In addition, fructose
increased AldoB protein level in a time-dependent manner with a maximal effect observed at 6
and 12 hrs after treatment (Supplementary Figure S2B). Fructose treatment did not change AldoA
expression at both the transcriptional and translational levels in A-10 cells (Supplementary Figure
S2A and Supplementary Figure S3A). In contrast, insulin increased both AldoA and AldoB gene
expression in A-10 cells to different degrees. We further tested the effects of fructose on cell
proliferation using MTT assay. As shown in Supplementary Figure S3B, fructose increased the
proliferation of A-10 cells in a time- and concentration-dependent manner.

We next investigated the effects of aldolase inhibition on fructose-stimulated VSMC
proliferation. The expression of AldoA and AldoB in cultured A-10 cells was knocked down via
transfection with AldoA and AldoB siRNAs (Figure 5A). Six-hour treatment of the cells with
fructose and/or insulin increased the MG levels in control siRNA- or AldoA siRNA-transfected
cells, but did not change the MG level in AldoB siRNA-transfected cells at all (Figure 5B). MTT
assay results demonstrated that fructose and/or insulin increased the proliferation of A-10 cells by
62.4 +14.2% and 84.6 £+ 20.4%, respectively. AldoB siRNA, but not AldoA siRNA, significantly
inhibited the cell proliferation induced by fructose and/or insulin (P < 0.05) (Figure 5C). Similar
results were obtained using BrdU assays (Supplementary Figure S4). These data suggest that
AldoB, not AldoA, plays a key role in vascular MG overproduction and VSMC proliferation.

Fructose-induced intracellular ChREBP shuttling
To explore the mechanisms for fructose-induced upregulation of AldoB in VMSCs, we
examined ChREBP expression in A-10 cells. ChREBP expression was markedly increased in

VSMCs by fructose and/or insulin stimulation (Figure 6A). Translocation of ChREBP to the
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nucleus marks the activation of cells [14]. In our study, ChREBP proteins were detected in the
nuclei of A-10 cells at a marginal level, but its expression in the cytosol was abundant under
resting conditions (Figure 6B). Fructose and/or insulin stimulated more ChREBP translocation to
the nucleus.

To determine the binding of ChREBP to AldoB promoter, ChIP assays were performed.
AldoB PCR products were only detected in the samples immunoprecipitated with anti-ChREBP,
but not in those immunoprecipitated with non-immune serum (Figure 6C). These findings suggest
that ChREBP binds to AldoB gene and that fructose was capable of increasing the
ChREBP-stimulated AldoB promoter activity. Insulin had a similar effect as that of fructose,
enhancing ChREBP-stimulated AldoB promoter activity by approximately 80% (Figure 6C).

Consistent with our results from cultured A-10 cells, ChREBP expression, detected by
immunocytochemical analysis, was predominantly located in the cytoplasm of aortic tissues from
control mice, whereas the aortae of fructose-fed mice showed a marked increase in ChREBP
expression in the nucleus (Figure 6D). Compared to the cytoplasmic/nuclear ratio of ChREBP
(1.63%£0.17) in control group, the ratio in fructose-fed group was significantly decreased to 1.02+
0.06.

The role of ChREBP in the regulation of AldoB expression

AldoB expression in aortic tissues from fructose-fed mice was obviously increased
compared with that of control mice. Merging of AldoB and ChREBP labeling showed an
increased interaction between AldoB and ChREBP in the fructose diet group, which was localized
primarily in the nucleus (Figure 6D).

ChREBP-siRNA treatment decreased ChREBP protein level in A-10 cells by approximately
49.8% (Figure 7A). Fructose and/or insulin increased AldoB expression, which was significantly
inhibited by ChREBP-siRNA. The basal level of AldoB proteins in A-10 cells was also
downregulated by ChREBP-siRNA (Figure 7A). Similarly, ChREBP knockdown decreased MG
production and cell proliferation in A-10 cells in the absence and presence of fructose and/or
insulin treatment (Figure 7B and C). Taken together, these data suggest that AldoB expression
and the related MG production are significantly regulated by ChREBP.

The relationship between Akt1-FoxO pathway and AldoB expression
Aktl and its downstream targets, FoxO1 and Fox3a, are involved in fructose-induced
vascular remodeling. In fructose and/or insulin-treated A-10 cells, the levels of phosphorylated

Aktl, FoxO1, and FoxO3a proteins were significantly increased (Supplementary Figure S5A).
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The inhibition of Aktl activity with SH-6 dramatically decreased Aktl phosphorylation, but not
total Aktl protein level. SH-6 also inhibited FoxOland FoxO3a phosphorylation in A-10 cells
with or without fructose and/or insulin treatment. Moreover, fructose-induced AldoB
upregulation was markedly suppressed by SH-6. This effect was more pronounced than that in
insulin-treated cells (Supplementary Figure S5A).

Supplementary Figure SSB-C showed that fructose- and/or insulin-induced MG production
and cell proliferation were markedly suppressed by SH-6, similar to the effect of ChREBP
siRNA.

Fructose-induced intracellular FoxO1/3a shuttling and upregulation of AldoB gene

FoxO1/3a proteins resided primarily in the nucleus of A-10 cells (Figure 8A). When
stimulated by fructose and/or insulin, both FoxO1 and FoxO3a shuttled from the nucleus to
cytoplasm, evidenced by decreased cytosolic and increased nuclear levels of FoxO1/3a observed.
The immunocytochemical analysis (Supplementary Figure S6) also confirmed the marked
increase of FoxO1/3a in the cytoplasm of aortic tissues from fructose-fed mice. To investigate
whether AldoB promoter is a binding target of FoxO1 and FoxO3a, we performed ChIP assays in
the presence or absence of fructose and/or insulin. As shown in Figure 8B, there were obvious
PCR products in FoxO1 and FoxO3a immunoprecipitates using AldoB primers, but no PCR
product was obtained in normal rabbit IgG immunoprecipitates. These data showed that
FoxO1/3a bind to the AldoB promoter DNA in A-10 cells. In addition, FoxO1/3a recruitment to
the AldoB promoter was significantly decreased after fructose and/or insulin treatment.
Remarkably, the levels of FoxO1 binding to AldoB promoter were decreased to 66% and 67% of
the quiescent levels after fructose and insulin treatment, respectively (Figure 8B). Similar to
FoxOl, a significant decrease in the levels of FoxO3a binding to AldoB promoter was observed
after the treatment with fructose and/or insulin.

We also measured AldoB protein levels in A-10 cells following knockdown of FoxO1 and
FoxO3a expression with the respective siRNA (Figure 8C and D). FoxO1 and FoxO3a
knockdown augmented AldoB expression in unstimulated A-10 cells by approximately 31.7%
and 44.4%, respectively. In addition, fructose and/or insulin-induced upregulation of AldoB

proteins was markedly enhanced by FoxO1/3a siRNA.

Discussion
Metabolic syndrome is a cluster of metabolic abnormalities associated with type 2 diabetes,

obesity, and hypertension, including hyperglycemia, glucose intolerance, insulin resistance,
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dyslipidaemia, and high blood pressure, respectively [30]. As early as in the 1950s, it was
recognized that high-sucrose diets rapidly induced features of metabolic syndrome in animals,
including hypertension, insulin resistance, hyperlipidemia and hyperuricemia [31]. Further
studies demonstrated that when rats were pair-fed with equivalent amounts of fructose and
glucose, only the fructose-fed rats developed symptoms of metabolic syndrome [32-34]. Human
body handles glucose and fructose in different ways. Fructose is absorbed in the intestine via
specific transporters, primarily glucose transporter 5 (GLUTS). Although fasting serum
concentrations of fructose are low (10—60 uM), its postprandial concentrations may reach 1 mM
systemically in healthy people and 2.2 mM in patients with diabetes [33, 35, 36]. The liver
metabolizes at least half of fructose [37], and adipose and vascular tissues also participate in local
metabolic disposal of fructose [33, 38]. In the cytosol, glucose is metabolized through the
glycolytic pathway into fructose-1,6-diphosphate [39], which subsequently forms
glyceraldehyde-3-phosphate (GA3P) and dihydroxyacetone phosphate (DHAP), catalyzed by
AldoA [40, 41]. On the other hand, fructose can be rapidly phosphorylated by fructokinase to
fructose-1-phosphate, which is cleaved by rate-limiting AldoB to generate GA3P and DHAP. The
latters are finally non-enzymatically converted to MG [10, 41]. AldoB is a key enzyme for the
conversion of fructose to MG [10, 11], whereas AldoA regulates the conversion of glucose to
MG

MG is a known risk factor for hypertension and diabetes [7,42,43]. Increased MG levels
were observed in diabetes patients [8,44] and in the aorta, kidney, and retina of hypertensive or
diabetic animals [6,10,11,28,45,46]. Because high levels of glucose activate the polyol pathway
and enhanced fructose production in diabetic states, so MG is mainly generated either through
fructose metabolized from glucose by the polyol pathway or derived from the diet directly in
formation under conditions of hyperglycemia, diabetes mellitus and its complications. Moreover,
our previous experiments demonstrated that elevated MG levels were also presented in the
metabolic syndrome without hyperglycaemia, such as in hypertension [9]. The MG levels in
plasma and aorta were increased in spontaneously hypertensive rats (SHRs), although no
difference in blood glucose levels between SHRs and control rats [46]. Chronic treatment with
an AGE inhibitor, aminoguanidine attenuated blood pressure increase in SHRs [47]. So the MG
MG-induced AGEs contribute to the pathogenesis of hypertension. In the current study, we
further verified that fructose and MG levels are positively correlated with blood pressure in
diabetic patients. The significant risk factors for hypertension included serum fructose, glucose
and MG levels. A causative relationship between fructose-induced MG overproduction and

hypertension is thus suggested in a clinical setting.
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AldoB is a major enzyme responsible for high fructose-induced MG overproduction in
endothelial cells and VSMCs [10,11,21,48]. Altered cardiovascular and metabolic functions in
high-fructose fed animals are similar to metabolic syndrome of humans [49]. Our present study
used the mice fed chronically with a fructose-rich diet to investigate the development of vascular
remodeling and hypertension. We found that fructose-fed mice exhibited hypertension, increased
MG production, and AldoB over-expression in vascular tissues. Vascular remodeling in these
animals is manifested with decreased lumen diameter and increased wall thickness in different
blood vessel walls (Figure 2). Arterial stiffness has been routinely reported in both animal models
of metabolic syndrome and patients [S0]. To this end, our ultrasonographic imaging analysis on
living animals showed increased RI of the arteries in fructose-fed mice, indicating increased wall
stiffness and the increased downstream circulatory resistance [51].

The mechanisms for fructose-induced upregulation of AldoB expression are the activation
of ChREBP and inactivation of FoxO1/3a. ChREBP is expressed in numerous tissues, including
skeletal muscle, heart, pancreatic islet, kidney, liver, fat, and VSMCs [14,52,53]. It was shown
previously that phosphorylated and inactivated ChREBP could be dephosphorylated and activated
by glucose. The activated ChREBP then enters the nucleus and binds to ChoRE core motifs
(CACGTG) present in the promoter region of carbohydrate-sensitive genes [14,15,52]. One of the
consequences is the upregulation of AldoB gene expression [15]. Sprague-Dawley rats fed with a
63% fructose diet displayed an increased nuclear distribution of ChREBP protein in the liver [54].
Although we did not measure the level of phosphorylated ChREBP proteins in VSMCs due to the
unavailability of the specific anti-phosphorylated ChREBP antibody, our data showed that
fructose feeding significantly increased aortic levels of total ChREBP proteins in the mice (Figure
4) and that fructose treatment of cultured A-10 cells markedly increased ChREBP shuttling from
the cytoplasm to nucleus (Figure 6B). Using the combination of ChIP and Q-PCR techniques, we
detected an increased binding of ChREBP to AldoB promoter region in fructose-tread A-10 cells
(Figure 6C). Specific knockdown of ChREBP expression prevented fructose-induced AldoB
expression, MG overproduction, and proliferation of A-10 cells (Figure 7). It is clear that
ChREBP plays an important role in the regulation of AldoB expression and related MG production
in VSMCs.

Phosphorylated FoxO is transcriptionally inactive and dephosphorylated FoxO is
transcriptionally active. Once phosphorylated, FoxOs cannot bind to or will be dissociated from
the promoter region of its target genes since it will be either retained in the cytosol or exported
from the nucleus to cytosol [17]. Our studies demonstrated that the fructose-fed mice exhibited

significantly higher levels of phosphorylated FoxO1 and FoxO3a in vascular tissues (Figure 4)
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and the levels of phosphorylated FoxO1 and phosphorylated FoxO3a were significantly increased
after fructose stimulation in VSMCs (Supplementary Figure 5). When stimulated by fructose, both
FoxO1 and FoxO3a shuttled from the nucleus to cytoplasm (Figure 8A). FoxO1/3a can bind to the
chromatinized AldoB promoter DNA in A-10 cells. This binding was significantly decreased after
fructose and/or insulin treatment (Figure 8B). Furthermore, specific knockdown of FoxO1/3a
increased AldoB expression in VSMCs with or without the treatment with fructose and/or insulin
(Figure 8C-D). All these data support our hypothesis that the binding sites for FoxO1/3a are
located downstream of the TSS of the AldoB promoter region
(http://www.sabiosciences.com/chipgpcrsearch.php?species_id=1&factor=FOXO1&gene=ALDO
B). The binding of FoxO1 and/or FoxO3a. to the promoter region blocks AldoB gene transcription.
FoxO1 and FoxO3a are likely the negative regulators of AldoB mRNA transcription. Fructose
treatment increased phosphorylation and inactivation of FoxO1/3a, upregulating AldoB gene
expression and MG overproduction. VSMC proliferation and vascular remodeling are the
consequence of this chain reaction.

Our previous studies showed an increased Aktl activity in aortic tissues of rats with
metabolic syndrome [55]. In the present study, we found that knockdown of FoxO1/3a or
inhibition of Akt activity prevented fructose-induced AldoB expression. In the presence of Akt
inhibitor, fructose-induced phosphorylation of FoxO1/3a was significantly reduced, suggesting
that Aktl likely mediates the activation of FoxOs in VSMCs. Similar results were obtained in
primary culture of vascular smooth muscle cells (Supplementary Figure S7).

In our previous animal observation and the data reported by others [56], the blood pressure
in male C57BL/6 mice was significantly increased after 2 weeks of high fructose ingestion. To
investigate whether the increase in blood vessel thickness and AldoB expression are due to an
increase in blood pressure level or the direct effects of fructose or MG on VSMCs, hypotensive
drug, nifedipine, and normal saline (vehicle) were administered daily by gavage to high fructose-
fed mice for 14 days. Moreover, to confirm the role of Aktl on AldoB upregulation and vascular
remodeling in vivo, the high-fructose-fed mice were also treated with Aktl inhibitor, A674563.
The SBP, DBP, fructose, insulin and MG in mice were moderately increased on day 14 of high
fructose ingestion, and nifedipine could decrease blood pressure, but there was no significant
difference in other systemic characteristics among vehicle, nifedipine and A674563 treated groups
(Supplementary Table S4 and S5). Microscopic examination revealed that the wall thickness was
significantly increased in MA of fructose-fed mice relative to the control mice. Nifedipine could
not significantly inhibit the vascular hyperplasia induced by high fructose, whereas Aktl inhibitor

markedly reduced MA wall thickness relative to fructose-fed mice almost without
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lowering blood pressure (Supplementary Figure S8).

We also explored the effect of nifedipine and Akt inhibitor on in situ proliferation of
VSMCs using BrdU assay. As showed in Supplementary Figure S9, Aktl inhibitor-treated mice
exhibited less proliferation of VSMCs in CA, AA and MA compared with vehicle-treated mice (P
<0.01), suggesting that activation of Aktl signaling substantially contributes to enhanced
proliferation of VSMC:s at the early phase of fructose-induced arterial remodeling. However,
there was no significant difference in the proliferation of VSMCs between nifedipine and vehicle-
treated model groups. These data further confirmed that the vascular remodeling was directly
related to fructose on VSMCs. Similar to the results of VSMCs in vitro, AldoB expression in
aortas was down-regulated and FoxO1/3a expression in nuclear were increased when the
fructose-fed mice were administrated with Aktl inhibitor (Supplementary Figure S10). Aktl
inhibitor had no obvious effect on the fructose-induced increment of ChREBP expression. On the
other hand, the expressions of AldoB and ChREBP and the nucleocytoplasmic distribution of
FoxO1 and FoxO3a were not changed after administration of nifedipine in fructose-fed mice.
These findings indicate that Aktl can mediate, at least in part, fructose-induced up-regulation of
AldoB in aortas.

In conclusion, fructose-induced vascular remodeling and development of hypertension are
largely mediated by the upregulation of AldoB in vascular SMCs. Fructose-upregulated AldoB
expression promotes the conversion of fructose to MG, both contributing to VSMC proliferation
and vascular remodeling in hypertension. The mechanisms for fructose-induced upregulation of
AldoB expression are the activation of ChREBP and Aktl-mediated inactivation of FoxO1/3a in
VSMCs (Supplementary Figure S11). ChREBP and FoxO1/3a may serve as novel therapeutic
targets for the prevention and treatment of fructose-induced vascular remodeling in metabolic

syndrome.
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Figure legends

Figure 1. The correlation of MG/fructose levels with blood pressures in diabetic patients. (A)
Serum levels of MG of diabetic patients (n=70) and healthy volunteers (n=26). (B) Positive
correlation of serum MG levels with blood pressures. *P<0.05 vs. healthy volunteers; “P<0.05 vs.
diabetic patients with normal blood pressure. The classification of blood pressure levels (mmHg):
Normal, <129 (SBP) and <84 (DBP); High normal, 130-139 (SBP) and/or 85-89 (DBP); Grade 1:
140-159 (SBP) and/or 90-99 (DBP); Grade 2: 160—-179 (SBP) and/or DBP (100-109). (C)
Positive correlation of serum MG levels with blood pressures. (D) Positive correlation of serum
fructose levels with blood pressures. (E) Positive correlation of serum fructose levels with MG
levels. (F) Relative risk for patients with hypertension by binary logistic regression analysis. Data

are odds ratios (ORs) with 95% confidence interval (CI).

Figure 2. Echo ultrasonographic analysis of vascular remodeling in high fructose (Fru, 60%) or
control diet (CT)-fed mice. (A) Representative ultrasonographic images of blood vessels. (a)
Images taken at the B mode. The arrows point to where Doppler sample volume is positioned. (b)
Doppler flow velocity waveforms. The end-diastolic velocity (EDYV, left) and the peak systolic
velocity (PSV, right) are indicated by the blue lines. (¢) Images taken at the M mode. The
end-diastolic (left) and peak systolic (right) vascular diameters and arterial wall thickness are
indicated by the blue lines. (B) Summaries of the changes in vascular structure and functions
from the ultrasonographic images. n=5—8 per group; *P<0.05 vs. CT. CA, left common carotid

artery; AA, abdominal aorta; MA, superior mesenteric artery.

Figure 3. Smooth muscle cell hyperplasia in mouse blood vessel walls. (A) Representative H&E
staining and o-SM actin immunostaining of blood vessels from control (CT) or high fructose
(Fru)-fed mice. Magnifications are indicated in each set of panels. (B) Quantitative comparisons
of the number of VSMCs in blood vessel walls between CT and Fru-fed mice. (C) The vessel
wall thickness. Each data point represents at least 18 photomicroscope images (400 X
magnification) from six animals. *P<0.05 vs. CT. CA, left common carotid artery; AA,

abdominal aorta; MA, superior mesenteric artery.

Figure 4. Upregulation of AldoB, ChREBP, Aktl, and FoxO1/3a expression in the aortae of
fructose-fed and control (CT) mice. (A) AldoA/B mRNA expression in aortic tissues. (B)
AldoA/B protein levels. (C) ChREBP protein levels. (D) Phosphorylated and total FoxO1/3a
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protein levels. (E) Phophorulated and total Aktl protein levels. n=4; *P<0.05 vs. control.

Figure 5. The role of AldoB in fructose-induced MG production and VSMC proliferation. (A)
Knockdown of AldoA and AldoB gene expression in A-10 cells with respective siRNAs. Typical
Western blot results are depicted (upper panel) along with the statistical analysis (lower panel).
n=4; *P<0.05. (B) MG levels in A-10 cells treated with fructose (10 mM) and/or insulin (100 nM)
for 6 h. n=4; ¥*P<0.05 vs. CT; “P<0.05 vs. control siRNA. (C) A-10 cell proliferation measured by
MTT assays after treatment with fructose and/or insulin for 48 h (n=6). CT, control in the absence

of any siRNA treatment; Ins, insulin; Fru, fructose; MG, methylglyoxal.

Figure 6. The effects of fructose on intracellular ChREBP apartmentalization and AldoB gene
activation. (A) Western blot analysis of ChREBP in A-10 cells treated with insulin (100 nM)
and/or fructose (0.3 or 10 mM) for 6 h (n=4). (B) Western blots of fractionated cytoplasmic and
nuclear lysates from A-10 cells treated with insulin and/or fructose for 6 h. Typical results are
depicted in upper panel along with the statistical analysis in lower panel. n=4. (C) Binding of
ChREBP to AldoB promoter. After A-10 cells were treated with fructose and/or insulin for 6 h,
ChIP was performed using the Epi Tect ChIP One-Day Kit. The cells were sonicated to shear
DNA and the sonicated supernatant (input) was immunoprecipitated with non-specific rabbit IgG
(the negative control, NC), anti-ChREBP antibodies. The precipitated chromatin DNA was
purified and amplified by quantitative PCR using AldoB primers. Representative gel (upper panel)
and summary of results expressed as the fold changes over untreated control cells (lower panel.
n=3. (D) Localization of ChREBP and AldoB proteins in aortic tissues from control (CT) or
fructose (Fru)-fed mice. Representative images were shown in the upper panel and the
quantification of the ratio of cytoplasmic/nuclear fluorescence intensity was shown in lower panel.

Scale bar, 100 pm. *P<0.05 vs. CT.

Figure 7. Fructose regulates AldoB expression via ChREBP activation. (A) Western blot analysis
of ChREBP protein levels. A-10 cells transfected with ChREBP-siRNA were treated with insulin
(100 nM) and/or fructose (10 mM) for 6 h prior to Western blot analysis. Typical results are
depicted in upper panel along with the statistical analysis in lower panel. n=4. (B) A-10 cell MG
levels. n=4. (C) The proliferation of A-10 cells transfected with ChREBP-siRNA and treated with
insulin (100 nM) and/or fructose (10 mM) for 48 h. Cell proliferation was measured by MTT
assays. N=6. *P < 0.05 vs. CT (without any siRNA treatment); “P < 0.05 vs. control siRNA.
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Figure 8. The effects of fructose on intracellular apartmentalization of FoxO1/3a and their
binding to the DNA-binding element in AldoB promoter region. (A) Western blot analysis of the
cytoplasmic and nuclear lysates of A-10 cells treated with 100 nM insulin and/or 0.3 or 10 mM
fructose for 6 h. Typical results are depicted in upper panel along with the statistical analysis in
lower panel. n=4. (B) Binding of FoxO1/3a to Aldo B promoter in A-10 cells after fructose and/or
insulin treatment for 6 h. The sonicated supernatant (input) were immunoprecipitated with
nonspecific rabbit IgG (NC), anti-FoxO1/3a antibodies. Representative gels were shown in the
upper panel and the summary of results was shown in lower panel. n=3. (C) The interaction of
fructose and FoxO1 on AldoB expression. A-10 cells transfected with FoxO1-siRNA were treated
with 100 nM insulin and/or 10 mM fructose for 6 h prior to Western blot analysis. Typical results
are depicted in upper panel along with the statistical analysis in lower panel. n=4. (D) The
interaction of fructose and FoxO3a on AldoB expression. n=4. *P<0.05 vs. CT (without any

siRNA treatment); “P<0.05 vs. control siRNA.
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Figure 2
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Figure 4
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Figure 5

A
AldOA | == w. : AldOB | wew v
B-acCtin | e v B-actin | > a—-—
140 140
£ = 120 c = 1201
‘g% 100 ] ‘g% 100 ]
o 801 o © 807
<2 60, @Y 60
52 40{ * 59 40
=T 2] < 9] *
0 - 0
CT Control AldoA CT Control AldoB
SiRNA siRNA siRNA siRNA
B et :
57 HH Control siRNA [
AldoA siRNA —
» (D AldoB siRNA %
S = 4 7
2 ¥
=1 Z %
) 1
s & 78 7
£ 1
S35 2] &
2 % %
S E ™
5 o
8= 1 2l 7
© Il
o
0 - %
Ins - : + = +
Fru - - - + +
C cT

300 5 I Control siRNA
AldoA siRNA #
(M AldoB siRNA Frg 1

250 1

200 1

150

100

Cell Proliferation
(% of Control)

50 1

Ins = - -+ - P
Fru -~ - - + 4



Figure 6
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Figure 7
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Figure 8
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