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Summary

Adiposis is reputed as a twin disease of type 2 diabetes and
greatly harmful to human health. In order to understand the
molecular mechanisms of adiposis, the changes of physiological,
pathological, epigenetic and correlative gene expression were
investigated during the adiposis development of C57BL/6] mice
induced by long time (9 months) high-fat and high-sucrose diet
(HFSD) sustainably. The results showed that mRNA transcription
level of the Leptin, Glut4 and Glut2 genes have been obviously
changed, which exhibit a negative correlation with methylation
on their promoter DNA. The results also revealed that HFSD
induced higher level of DNA methyltransferase 1 (DNMT1) in fat
tissue might play important role in regulating the changes of
methylation pattern on Glut4 and Leptin genes, and which might
be one of the molecular mechanisms for the adiposis
development.
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Introduction
The worldwide epidemic of obesity has been

regarded as one of the most threatening factors to public
health. From the data of World Health Organization

(WHO) in 2014, there are more than 1.9 billion adults
overweight, moreover, of those more than half a billion
are believed to be obese status. Adiposis, also known as
adiposity, is characterized by the accumulation of fatty
tissue. There was a higher prevalence of cardiovascular
disease (Lim et al. 2012), type 2 diabetes (Isomaa et al.
2001), nonalcoholic fatty liver (Starley et al. 2010) and
even some kinds of cancer (Buschemeyer and Freedland
2007, Iwase et al. 2016) caused by adiposis.

There are several potential contributing factors
of obesity, including environment, genetics and
decreasing of physical activity (Malik et al. 2013). As we
all know, food is the energy source for human body,
which could be digested into amino acids, fatty acids and
monose (mainly glucose). Normally, postprandial
hyperglycemia is regulated by insulin for providing
energy or stored as glycogen in both liver and muscle. In
this regard, liver as the most important organ of glucose
metabolic, always response to the hyperinsulinemia
through /nsr, and maintain glucose homeostasis through
Gck and  Glut2.

gluconeogenesis to answer the hypoglycemia, which

Besides, liver will increase
involved with the Pgc/ regulation. As one of target
organs of insulin, adipose tissue could transport glucose
by Glut4, which also was induced by Pgc/. However, the
chronic hyperglycemia result in the accumulation of fat
and even hyperinsulinemia because of a long-term
excessive intake of carbohydrates. Furthermore, the
chronic hyperinsulinemia of circulation decreases the

sensitivity of peripheral tissues to insulin and even cause

PHYSIOLOGICAL RESEARCH ¢ ISSN 0862-8408 (print) * ISSN 1802-9973 (online)
© 2019 Institute of Physiology of the Czech Academy of Sciences, Prague, Czech Republic

Fax +420 241 062 164, e-mail: physres@fgu.cas.cz, www.biomed.cas.cz/physiolres



76 Lietal

Vol. 68

insulin resistance. The insulin resistance stage result in
increasing insulin release of pancreas f cells, which in
turn aggravate the situation of insulin resistance (Bastard
et al. 2006).

One of the most closely related to metabolic risk
factors among fat accumulation is the excess of
abdominal fat, which is mainly distributed in
subcutaneous and visceral. Compare to the subcutaneous
show high risk for the

development of metabolic syndrome, because of multiple

adipose, the visceral fat

products secreted from them, such as leptin, adiponectin,
inflammatory cytokines and so forth (James et al. 2004).
As for leptin, which is mainly expressed in adipose tissue
and plays an important role in regulation of energy
metabolism by inhibiting appetite and food intake and
stimulating the energy expenditure (Friedman and Halaas
1998). For human with leptin deficiency and certain
obese rodents, leptin treatment is able to effectively cut
down food intake and bodyweight (Ramachandrappa and
Farooqi 2011). However, this treatment is completely
invalid in diet-induced obese mice (Halaas et al. 1997),
which is defined as leptin resistance for the state of
obesity with hyperleptinaemia and/or a reduction reaction
to leptin treatment. Moreover, leptin resistance take part
in the pathogenic development of diet-induced obesity,
which mainly attribute to excess fat by high-fat diet
(Scarpace et al. 2005). Besides, research has proved that
fat content within the high-fat diet is not the only factor
for leptin resistance (Liu et al 2011), the different
nutritional aspects may also play a critical role. At this
point, sugars and fats content show different leptin
sensitivity, fat-diet is easier induced to leptin resistance
comparing to sugar-diet (Haring and Harris 2011). In
addition, the inflammatory cytokines like IL-6, TNFa are
also increased in obese individuals, the increase of
cytokines synthesized from fat tissue may affect the
suppression action of insulin in lipolysis in this sense, it
probably represents the insulin resistance state in adipose
tissue, perhaps in other tissues, muscle and liver
(Shulman 2000, Ridker and Morrow 2003). All of these
physiological changes are probably traceable to the
dynamic changes in gene expression patterns. Therefore,
the diet-induced obesity is probably the result of gene
expression change. However, it is still not elucidated how
the dietary changes induced changes of gene expression
patterns.

Recently, epigenetics has been getting a lot of
attention as one kind of molecular mechanisms mediating
metabolic diseases. It is generally known that evidences

from human and rodent have demonstrated maternal
nutrition contribute to a particular epigenotype and thus it
will produce developmental metabolic difference in
offspring (Lavebratt et al. 2012). Moreover, these kinds
of epigenetic landscape are also susceptible to the
environment (like dietary) in childhood and adult
(McGowan et al. 2009). The epigenome-wide association
studies (EWAS) which differentially methylated CpG
sites relate to obesity, are likely to explicate the causes of
diet-induced obesity. Our previous studies have shown
that histone modification was involved in regulating the
development of type 2 diabetes (T2D), especially, the
total H3K4  monomethylation,  H3K9
dimethylation and H3K9/H3K23 acetylation of
liver , and histone modification also associates with diet-

histone

induced obesity or early stage of T2D mice (Tu et al.
2015). In this sense, DNA methylation of associated
genes perhaps play a vital role in genes and environment
interactions (Xu et al. 2013).

Several researches have proved that DNA
methylation of gene promoter region was concerned with
diet-induced obesity or T2D, including Leptin and Pgcla
(Mello et al. 2014). However, the most researches focus
on the methylation changes of related genes in offspring
under maternal nutritional imbalances, or the changes of
diet-induced obesity after a short time (Lillycrop et al.
2008, Seki et al. 2012), the mechanisms of adiposis in
term HFSD
remained unclear yet. To clarify that, the obesity progress

a sustainable long induction are still
of mice induced by sustainable long time HFSD was
monitored through measuring the physiological
indexes, HE DNMTI1

expression, promoter DNA methylation pattern in present

biochemical staining, gene
study. These findings may conduce to further understand

the molecular mechanisms of adiposis development.

Methods

Animals and treatments

C57BL/6J male mice (3 weeks old), weighing
10 to 12 g, were purchased from Laboratory Animal
Center of the Academy of Military Medical Sciences of
China (Animal SCXK-2007-004,
Beijing, China). They were maintained in 12 h light/dark

License Number:

cycles with unlimited access to food and water in
a temperature of 2341 °C and a humidity of 60+5 %
controlled room. After one week of acclimation, mice
were randomly divided into two groups (n=10 per cage):
control group, n=30, were feed control (CON) dietary;
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experimental group, n=30, were given a high-fat and
high-sucrose diet (HFSD) respectively for nine months
(Table 1). They were allowed to access to chow and
water freely. The food intake was recorded every 3 days,
and the body weights were assessed once a week. After
the weighing, mice were fasted for seven hours, and then
measuring FBG (fasting blood glucose) by a blood
glucose meter (Johnson, New Brunswick, USA) once
a week. During treatment processing, blood was collected

Table 1. Composition of mice diets.

from orbit for later analysis, liver and epididymal fat pad
were partly used to carry out the HE-staining and the rest
were employed to extract the genome DNA, total mRNA
and total protein at different time points, containing third-,
fifth- and ninth-month respectively. All procedures
performed in this study involving animals were in
accordance with the guidelines of the Chinese Council on
Animal Care as well as the University of Nankai Animal
Care Committee.

Composition CON (/100 g) HFSD (/100 g)
Energy 539 kJ 1,512.45kJ
Fat 4¢g 222¢g
Protein 18¢g 169 ¢g
Carbohydrates 5g 2375 ¢
Sucrose 0 21.5¢g
Vitamins 134.3 mg 134.3 mg
Calcium 1.8¢g 1.8¢g
Mineral substance 09¢g 09¢g
Micronutrients 21.6 mg 21.6 mg

Note: Basic diets, GB14924.3 (National Standards of the People’s Republic of China).

Measurement obesity parameters

The body length of mice was measured (from
apex nasi to anus) after sodium pentobarbital treatment at
every independent experiment. Lee’s index (Bernardis
and Patterson 1968) was used to assess the obese mice
model, and it was calculated by formulation: Lee’s
index=[Body weight (g)]"’x10°/Body length (cm).
Further evidence for obese mice came from fat
coefficient (fat/body mass, %). Briefly, the fat tissues
extracted from mesentery, epididymis and perirenal, and
was then dried by filter paper before weighing.

Measurements of serum and oral glucose tolerance
testing

Insulin, leptin level was determined by Mouse
Insulin (INS) ELISA Kit (Dingguo, Tianjin, China) and
Murine Leptin ELISA Kit (ImmunoWay, Tennyson,
USA) respectively. Glycosylated hemoglobin (GHbAIc),
triglyceride (TG), cholesterol (CHO) were measured by
using autobiochemical analyzer (HITACHI 7600, Japan)
in Tianjin Medical University Metabolic Diseases
Hospital (Tianjin, China). The homeostasis model
analysis (HOMA), including HOMA-f (B cell function),

HOMA-IS (insulin sensitivity) and HOMA-IR (insulin
resistance) were calculated by the HOMA?2 calculator,
which could be used for evaluating the insulin secretion
and insulin sensitivity (Wallace ef al. 2004). Oral glucose
tolerance testing (OGTT) was carried out before
execution as described (Wolever et al. 1991). To be brief,
mice were orally administrated with 2 g/kg body weight
of glucose dissolved in water (40 %, w/v) after 12-hour
fasting. At 0, 30, 60 and 120 min after gavage, we
measured blood glucose, and then plotted concentration-
time curve, calculated the area under the curve (AUC) by

trapezoid method.

Liver/fat tissue isolation and HE staining

Liver/fat tissue was dissected and frozen in
liquid nitrogen rapidly. Then, the tissues were transferred
to -80 °C. There were 10 mice for each group to examine
the HE-staining, and 3 images were examined per mouse,
the extracted fresh tissue (similar region of liver and
epididymal fat pad) was fixed in 10 % buffered formalin,
embedded in paraffin, serially sectioned and stained with
hematoxylin eosin. Finally, there were 6 to 8 mice could
reach the presented data, and the HE staining images we
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provided were the representative images. Liver and fat
tissue histopathological grading were assessed using the
scoring system proposed by previous researches (Brunt et
al. 1999, Ip et al. 2014). The extent of inflammatory
infiltration and steatosis in 10 different random fields
were calculated by a blinded rater. The area ratio of
muscle degeneration and fibrosis in 10 different random
blinded
cross-sectional area of lipocytes (Chen and Farese 2002)

fields was analyzed by a rater. The
in 10 different random fields were measured by Image-
Pro Plus Software. Genome DNA, total RNA and total
protein were extracted by animal tissue/cell genome DNA
extraction kit (Solarbio, Beijing, China), RNAiso reagent
(Takara,

(BestBio, Shanghai, China) from liver and epididymal fat

Japan) and Total Protein Extraction Kit
pad according to the manufacturer’s instructions as
described previously (Duan et al. 2016) respectively.

Quantitative real-time PCR

The total RNA (0.8 ug) was used to synthesize
first-strand c¢cDNA with the Reverse Transcriptase
M-MLV (RNase H-) and universal primers (Takara,
Japan). And then the mRNA levels of genes expression
were measured by quantitative real-time PCR with
12.5 ul of SYBR Premix Ex Taq (2x, Takara, Japan),
20 ng of cDNA, 10 uM of each primer for each reaction
mixture, which was carried out using a CFX ConnectTM
Real-Time System (Bio-Rad, California, USA). The
specific primers are listed in Table SI. PCR cycle
conditions were 95 °C for 5 min, followed by 45 cycles of
denaturation at 95 °C for 15 s and annealing at 56 °C for
30 s, and extension at 72 °C for 30 s. Triple samples were
analyzed for each gene, and glycerol-dehyde-3-phosphate
dehydrogenase (GAPDH) was used as an internal control.

-AACE
2

The expression level was evaluated by (Ginzinger

2002).

Bisulfate sequencing PCR (BSP)

Bisulfite conversion of genomic DNA was
performed as previously described (Lewin et al. 2004).
Briefly, 1 pg of genomic DNA was modified using the
CpGenomeTM  Turbo Bisulfite Modification Kit
(Millipore, USA) according to the
manufacturer’s instructions. Bisulfite converted DNA
(50 ng) was then employed as a template in semi-nested

Boston,

PCR amplification with the primers below (Table S1).
For BSP, the Glut2 primer targets 4 CpG sites, Leptin
primer targets 18 CpG sites, and Glut4 primer targets
11 CpG sites respectively. The PCR products were

sequenced directly, and DNA methylation ratio was
calculated by measuring relative peak heights of cytosine
(C) and thymine (T) peaks at each CpG site, and the
methylation ratio was calculated as “C: (C + T)”.

Western blot

The extracted total protein, 15 pg was assayed
by SDS-PAGE with 10 % of separation gel. For western
blot, the SDS-PAGE gel was transferred to
a polyvinylidene  difluoride (DingGuo,
Beijing, China) with the blocking buffer contained 0.2 %
Tween-20 and 5 % skim milk powder, and then the
with  mouse anti-DNMT1
monoclonal antibody (Abcam, Cambridge, USA)
(1:2,000 dilution) or B-actin (Abcam, Cambridge, USA)
(1:3,000) for 2 h at 37 °C. The horseradish peroxidase-
conjugated goat anti-mouse IgG (1:5,000 dilution) was

membrane

membrane  incubated

used to detect protein-antibody complex, and then the
ECL kit (Tiangen, Beijing, Chian) was used to carry out
the chemiluminescence reaction.

Statistical analysis

All data is represented as mean = SD. The
significance between groups was compared by
Student's t-test. We wused the
chi-square test to evaluate the significant difference in
different

A probability level of p<0.05 was considered to indicate

independent-samples

methylation  density  between groups.

a significant difference.

Results

The effects of Sustainable HFSD on mice development

To determine the long time sustainable HFSD
effect on C57BL/6J mice development, the characteristics
of mice were continuously tracked in different stage of
HFSD treatments. The results were shown in Table 2 and
Table 3. After three months” HFSD treatment, the HFSD
group gained more body weight than the control group
(Table 2), and the changes were more significant in the
next six months. In addition, both Lee’s index and
fat/body mass (%) of HFSD group were significantly
increased compared to those of CON group after three
months (p<0.001), and also the significant difference
remained to the ninth-month (Table 3). In keeping with
this, the average daily calorie intake was increased than
those of CON mice among three different periods
(p<0.05); nevertheless, the average daily water intake of
HFSD mice was barely any different from those of CON
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mice (p>0.05) (Table 2). Together, these results showed
that the high-fat (fat, 22.2 g/100 g) and high-sucrose

(sucrose, 21.5 g/100 g) dietary could remarkably induce
the C57BL/6J mice to adiposis.

Table 2. Characteristics changes after different diets treatment.

Third-month Fifth-month Ninth-month

Program

CON HFSD CON HFSD CON HFSD
Body weight (g) 25.81%1.17 34.06x1.41**  30.03+1.31  43.85+1.77**  30.89+1.09  54.96+1.9**
Average calorie intake (kJ) 15.04+0.16 46.13+0.76* 15.09+0.43 46.43+2.42* 15.90+0.38  50.67+1.21*
Average water intake (ml) 3.62+0.11 3.47+0.24 3.37+0.12 3.23+0.18 3.44+0.07 3.22+0.14
Leptin (ng/ml) 8.55+1.31 14.80+1.12* 9.10+1.13 16.21+0.66* 10.07+0.77 16.88+£2.2*
Cholesterol (mM) 2.21+0.19 4.97+0.20** 2.23+0.17 5.45+0.38* 2.41+0.16 6.21+0.22%**
Triglycerides (mM) 1.43+0.11 1.67+0.10 1.53+0.14 2.29+0.23* 1.60+0.19 2.49+0.22*
Fasting blood glucose (mM) 4.92+0.26 5.99+0.51%* 5.0£0.14 10.12+0.6** 5.04+0.19 7.86%0.73%+*
Insulin (mU/I) 6.06+0.17 6.22+0.32 6.03+0.2 6.74+0.51** 6.03+0.21 6.11+£0.42
GHbAIc (%) 3.15+0.21 3.63+0.25 3.7+0.14 4.140.5 3.85+0.25 4.9+0.5%
OGTT-AUC (mM/min) 419.5+71.38 529.5+61.06 428+42.57 673+48.0%* 487.5+36.0 560.5+47.3
Homeostasis model assessment (HOMA)
HOMA-IR 0.78+0.04 0.85+0.06 0.78+0.04 1.02+0.09* 0.79+0.04 0.88+0.08
HOMA-p (%) 83.97+7.36 58.07+7.82* 80.73+£2.75 22.07+1.2%* 79.57+4.15 33.6+4.51*
HOMA-1S% 127.34£5.3 118.43+£8.36 127.33£5.1 98.03+8.56* 127.134£5.6 113.77£9.96

CON, control diet group; HFSD, high-fat and -sucrose diet group. GHbA1c (%), glycosylated hemoglobin; OGTT-AUC (mM/min), the oral
glucose tolerance test (OGTT) was calculated by the area under the curve (AUC) at four different times 0, 30, 60 and 120 min.
HOMA-IR was used to evaluate the level of insulin resistance; HOMA-B (%) was used to evaluate B cell functions; HOMA-IS% was used
to evaluate insulin sensitivity by HOMA2 calculator. There were 30 mice for CON group and 30 mice for HFSD group respectively; to be
more specific, the total 30 mice of CON/HFSD group were also randomly divided into three groups (n=10 per group), including three-,
five- and nine-month treatment. * p<0.05 and ** p<0.001 vs. CON group at same age. * p<0.05 vs. HFSD group following dietary
treatment for five months. Values are presented as mean + S.E.M (n=10).

Table 3. The Lee’s index and fat coefficient (fat/body mass).

Three-month Five-month Nine-month

Program

CON HFSD CON HFSD CON HFSD
Body length (cm) 8.53+0.11 8.91+0.17 9.17+0.13 9.30+0.17 9.15+0.09 9.504+0.21%*
Body weight (g) 25.81+1.17  34.06+1.41**  30.03£1.31  43.85+£1.77**  30.89+1.09  54.96+1.90**
Lee’s index 339.68+£5.39 366.27+6.01** 341.57+5.37 380.41+6.26** 343.22+5.51 399.78+7.78%*
Dried fat weight (g) 0.39+0.05 1.37+£0.10** 0.594+0.07 2.11+0.06** 0.56+0.05 3.144+0.07**
Fat/body mass (%) 1.51+0.13 4.02+0.70" 1.96+0.19 4.71+£0.85%* 1.81+0.11 5.70+0.93%%*

CON, control diet group; HFSD, high-fat and -sucrose diet group. Lee’s index was calculated by formulation: Lee’s index = [Body weight
(9)]*® x 10%*/Body length (cm) for valuing the obese mice model, and the (fat/body mass, %) means fat coefficient providing further
evidence for it. Values are presented as mean = S.E.M (n=10). The P-values were calculated using Student’s t-test. * p<0.05,
** p<0.001 vs. CON group at same age.

The serum leptin concentration was evaluated at
the end of every treatment period. Interestingly, the leptin
level of HFSD groups were higher than those of
CON groups during every period, and it presented an

increased trend in HFSD groups with time (Table 2). By
comparison with the gradual increased bodyweight and
leptin levels, our data suggested that the HFSD mice
showed leptin resistance with time. In consistent with the
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increasing obesity levels, the cholesterol and triglycerides
concentration of HFSD groups were significantly
of CON groups,

furthermore, both of them had an increased tendency in

increased compared to those

HFSD group with time.

HFSD induced the impairments to the regulation of
glucose homeostasis

The HFSD mice exhibited higher fasting blood
glucose (Table 2), and reached the highest level at fifth
month (HFSD: 10.12+0.60 mM; CON: 5.0+£0.14 mM), but
it was significantly decreased at ninth month (HFSD of
ninth-month: 7.86+0.73 mM) in line with fasting insulin
concentration. In addition, the level of glycosylated
hemoglobin (GHbAlc) in HFSD groups had a gradually
increased trend compare to those in CON groups, but there
was no significant difference between them. Homeostasis
model assessment (HOMA) of B cell function is based on
the fasting glucose and insulin concentrations (Table 2).
The HOMA-IR, homeostasis model assessment of insulin
resistance, showed significant insulin resistance in HFSD
group (HFSD: 1.02+0.09; CON: 0.78+0.04) after five
months’ treatment. The P cell function of CON group
showed more powerful than HFSD group by the
HOMA-B (%). The similarity also presented in HOMA-IS
(%, insulin sensitivity). As expected, HFSD treatments
could partly decrease the glucose tolerance by oral glucose
tolerance testing (OGTT) with no significant difference,
especially during the five-month treatment. Briefly, the
glucose level increased highly in HFSD mice compared
with CON mice at all time-points (data not shown), and
same result was presented by a reduced area under the
curve (AUC, OGTT-AUC) after treatment, especially after
five months (HFSD: 673.0+48.0; CON: 428.0+42.57)
(Table 2). These results indicated that C57BL/6J mice
treated with HFSD (high-fat, 22.2 g/100 g, high-sucrose
21.5 g/100 g diet) since five months have shown a stable
adiposis symptom and an obviously characteristics of
impaired glucose homeostasis.

Pathophysiological analysis of liver and fat tissue from
treated mice

To determine the pathophysiological status in
HFSD mice, hematoxylin-eosin staining (HE staining) of
liver and fat tissue from treated mince was performed. The
liver tissue HE staining results of HFSD mice showed
varying degrees of pathologic morphology with three
different periods (Fig. 1b1-b3 and Table 4) compared with
CON mice (Fig. 1al-a3).

The severity degree of pathological damage in
HFSD mice was more significant with the time, and
showed severe fatty liver and macrovesicular steatosis after
nine months. Moreover, hepatic steatosis was found
accompanied with the spotty necrosis, inflammatory cell
infiltrating (Fig. 1b3). For fat tissue, the HE staining of
HFSD mice represented significantly increased cross-
sectional area of lipocytes, and the size of adipocytes was
also gradually increased with treatment time (Fig. 1c-d and
Table 4).

mRNA expression of metabolism-related genes in liver and
fat tissue

The mRNA expression level of Pgcla in liver
showed significantly decreased in three and nine months
HFSD treatments (p<0.05 and p<0.001 respectively), but
no significant decrease in the fifth-month’s treatment
(Fig. 2). The mRNA levels of Insr gene in HFSD mice also
showed a decreasing trend. However, HFSD treatments led
to an up-regulation of Glut2 and Gck mRNA level after
five months (increased to 9.71+0.91 and 2.38+0.41
respectively) (Fig. 2b), even both of them had still a higher
content in HFSD mice than that in CON mice after nine
months.

The mRNA expression patterns of Leptin, Insr,
Pgclo and Glut4 in fat tissue were also carried out, the
results were shown in Figure 2d-f. The Insr expression
pattern showed a slightly decreasing in HFSD mice
without significant difference among the treatment process.
In contrast with the steady decline of Pgcla with time,
Glut4 existed the most obvious decreasing tendency after
five months’ treatment; however, it presented no
significant difference during ninth-month (Fig. 2f). On the
contrary, the Leptin expression levels were increased
significantly and had a gradual increasing tendency
compared with those in CON mice.

Methylation of Glut2, Glut4 and Leptin promoter DNA in
liver and fat tissue

Three genes of Glut2, Glut4 and Leptin that
exhibited remarkable changes of mRNA expression at liver
and/or fat tissue were selected to investigate the changes of
methylation on CpG island in promoter DNA. There were
four CpG sites, located on -321 bp, -246 bp, -158 bp and
-140 bp in Glut2 promoter DNA respectively (Fig. Sla). It
showed that all non-methylated cytosine was completely
converted to thymine, and almost no background noise was
observed in the sequencing results (Fig. S1b), indicating
that difference  of

they were no significant
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DNA methylation levels of Glut2 promoter in liver
between HFSD and CON mice at different stages, but there
was a slightly decreasing trend during middle-aged and
aged among them (Fig. Slc-f).

The DNA methylation levels of Leptin and Glut4
promoter in fat tissue were also measured. Results
suggested that the methylation levels of Leptin promoter in
CON mice changed differently among the involved CpG
sites (from -294 bp to -51 bp, covered 18 CpG sites) with
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time, particularly the -230 bp and -181 bp (to 35.43+2.85;
60.79+1.91, both of
significantly increased level during senescence phase

respectively), them showed
compared to those of middle-aged period (data not shown).
Inconsistent with this, the methylation levels of -94 bp and
-84bp in HFSD mice were significantly decreased

compared to those of CON mice at three different ages

(»<0.05) (Fig. 3a-c). These changes did not occur among
HFSD mice with time.

Fig. 1. Hepatic and adipose tissue hematoxylin and eosin (HE) staining following different treatment times. Representative images of
HE-staining results of CON mice after three (al), five (a2) and nine (a3) months respectively: there were clear and normal
morphology, and it just few hepatocyte was edema. (b1) Representative images of HE-staining results of HFSD mice after three
months: large amount of hepatocytes was edema. (b2) After five months, mostly hepatocytes of HFSD mice were edema even
presented partly macrovesicular steatosis. (b3) After nine months, mostly hepatocytes had macrovesicular steatosis and partly cells
were found the spotty necrosis, inflammatory cells infiltrating and the light liver fibrosis progression. HE-staining of adipose tissue after
three (c1/d1), five (c2/d2) and nine (c3/d3) months in CON mice (c1-c3) and HFSD mice (d1-d3) respectively. Black arrow shown
the macrovesicular steatosis area and spotty necrosis. n=10 per group. Scale bar is 100 um.

With regard to those CpG sites (from -436 bp to -146 bp,
covered 11 CpG sites) of Glut4 promoter, there no
obvious correlation between mouse-growth/aging and
methylation levels in CON mice was found (data not
shown). The methylation levels in -414 bp in HFSD mice
during middle-aged period showed an increase pattern

(to 23.2342.29), but did not reach significant level at
aging state (Fig. 3d-f).

Expression level of DNMTI protein in liver and fat tissue
Immunoblotting was carried out to measure the
change of DNA methyltransferase 1 (DNMT1), which is
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responsible  for maintenance DNA  methylation,  between CON mice and HFSD mice at different ages
expression in liver and fat tissue with time combined with  (Fig. 4a), but the dramatically increased level of DNMT1
the dietary treatment. The results showed that DNMT1 protein in fat tissue was found after five months’
protein level in liver had no significant difference  treatment (Fig. 4b).

Table 4. Quantitative analysis of hepatic steatosis and inflammation grading.

Three-month Five-month Nine-month

Program

CON HFSD CON HFSD CON HFSD
Hepatic steatosis grading (n/%) 0 1* 0 2" 0 3%
0 (<5 %, normal) 10/100 % 0 9/90 % 0 8/80 % 0
1(5-5%) 0 8/80 % 1/10 % 0 2/20 % 0
2 (26-50 %) 0 2/20 % 0 8/80 % 0 0
3(51-75 %) 0 0 0 2/20 % 0 9/90 %
4(>75 %) 0 0 0 0 0 1/10 %
Inflammatory infiltration
Cells/HPF 2.1£1.6 5.3+2.1 3.0+1.4 9.2+1.7* 3.1£1.1 11.7£1.2%
Adipocyte
Cross-sectional area (um’) 1,400+100 1,800+£350 1,650+£150 3,200+£210*  2,000+£230  4,000+200%*

Note: HPF, high power field. The degree of steatosis was graded 0-4 based on the average percent of fat-accumulated hepatocytes per
field of 10 random fields, grading 0<5 % (normal liver), 1=5-25 %, 2=26-50 %, 3=51-75 %, 4>75 %. Quantification of infiltrating
inflammatory cells in liver and cross-sectional area of adipocyte were assessed in 10 different random fields. Values are presented as
mean £ S.E.M (n=10). * p<0.05 vs. saline; vs. CON group at same age.
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Fig. 2. Changes of genes relative expression (%) of liver and fat tissue after dietary treatment within different times. Changes of genes
expression in liver after three (a), five (b) and nine (c) months respectively, including Pgcia (peroxisome proliferator-activated receptor
gamma coactivator 1-alpha), Znsr (insulin receptor), Gck (glucokinase) and G/ut2 (glucose transport protein 2). Changes of genes
expression in fat tissue after three (d), five (e) and nine (f) months respectively, including Pgcia, Insr, Leptin and Glut4 (glucose
transport protein 4). Values are presented as mean +S.E.M (n=6-8). * p<0.05 and ** p<0.001 vs. CON group at same age.
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Fig. 3. Methylation rates (%) of Leptin and Glut4 promoter after dietary treatment. Methylation levels of Leptin promoter after dietary
treatment for three (a), five (b) and nine (c) months respectively in fat tissue. Methylation levels of Glut4 promoter after dietary
treatment for three (d), five (e) and nine (f) months respectively in liver. Values are presented as mean +S.E.M. (n=6). * p<0.05, vs.

the CON group at same age.

Discussion

The dramatic increase in the epidemic of obesity
worldwide has become a serious threat to human health
and the quality of life, which is also a major risk factor in
the development of common disease, like cardiovascular
fatty
dyslipidemia, hypertension and type 2 diabetes and so

disease,  nonalcoholic liver,  atherogenic
forth. The changes of dictary structure may cause the
imbalance between energy intake and expenditure and
therefore bring on metabolism disorder so as to become

overweight and obesity (Mello et al. 2014). Our results

showed that the high-fat and high-sucrose diet (HFSD)
could induce obesity and even the super-obesity with
time (Table 2). Mice with super-obesity presented the
body weight increased 2 folds more than normal mice,
but did not mimic diabetes. This is a novel finding, which
is differed from the results previously reported (Surwit et
al. 1988). The obesity parameters included the body
(%) of
HFSD group were significantly increased compared to
those of CON group after three months (p<0.001), and
also the significant difference remained to the long term
(9 months) (Table 2 and Table 3). And the serum leptin

weight, Lee’s index and fat/body mass
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concentration level, the cholesterol and triglycerides

concentration of HFSD groups were significantly

increased compared to those of CON groups with obese

development. These results indicated that HFSD
a
DNMT1 — e S—— " Wy ——
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condition we employed was able to induce a stable
adiposis in C57BL/6J mice, which agreed with researches
have been reported by Mello et al. (2014).
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Fig. 4. DNMT1 protein levels in liver and fat tissue following dietary treatment within different times. (a) Changes of DNMT1 protein
expression levels in liver after dietary treatment for three, five and nine months respectively. (b) Changes of DNMT1 protein expression
in fat tissue after dietary treatment for three, five and nine months respectively. Values are presented as mean * S.E.M (n=4).

* p<0.05, vs. the CON group at same age.

Except the changes on morphological adiposis,
HFSD also induced a remarkable T2D like characteristics
(Table 2) after diets treatment for five months, such as
high level of fasting blood glucose, glycosylated
hemoglobin (GHbAlc) and homeostasis model
assessment HOMA-IR, lower HOMA- and HOMA-IS,
indicating that the adiposis mice have been occurred
a physiological and biochemical alteration in vivo, and
have become impairments to the regulation of glucose
homeostasis which then have the potential be the
acceptable reservists of type 2 diabetes, even exhibit
certain pathological changes. The HE staining of liver
and fat tissue in HFSD mice confirmed such results
(Fig. 1 and Table 4), which showed the severity degree of
fatty

macrovesicular steatosis, inflammatory cell infiltrating,

pathological damage, severe liver and
and significantly increased cross-sectional area of
lipocytes, and the size of lipocytes (Fig. 1 and Table 4).
Recently several evidences have shown that epigenetic
modifications on metabolism related genes induced by
nutrition factor plays important rule in adiposis
development (Lavebratt et al. 2012). The diet adjustment

and dietary structure could cause the epigenetic changes

and promote cells reprogramming by regulating gene
expression and therefore bring the physiological and
biochemical alteration in vivo (Mello et al. 2014, Cheng
et al. 2017).

As we all know, the increased Leptin expression
relates with increasing fat mass, which proved that the
increased adiposity contributed to high levels of Leptin.
Chronic higher levels of insulin found in HFSD mice
might be due to the impaired insulin sensitivity which
produced by the lower levels of Glut4 expression at
present study. It is generally agreed that physiological
changes resulted from the expression changes of related
genes, which wusually associated with epigenetic
modification in histone and gene promoter (Tu et al
2015). The results in present study suggested that genes
expression of Leptin and Glut4 in fat tissue exhibited
contrary transition trends with the DNA methylation
patterns, the DNMT1 protein level further strengthened
the evidence at middle-aged period (Fig. 2-4 and Fig. S1).
The age combined with HFSD exaggerate the influence
on DNA methylation, the HFSD is sufficient to mediate
the impact on DNA methylation pattern of Leptin and

Glut4 after five months. This study may provide
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a mechanism that the changes of methylation, especially
the changes of aberrant methylation, by diet adjustments
exaggerate the adiposis development. This agreed with
the result has been reported previously (Seki ef al. 2012,
Cheng et al. 2017). The aberrant methylation of promoter
regions generally effected the binding of transcription
factors, which further regulated the genes expression. The
methylation analysis of Glut4 and Leptin are the first time
to carry out by looking over multiple time points in
a HFSD model. In addition, the changes of methylation
of non-CpG island and non-promoter region or even the
genome-wide also play a vital role in regulating genes
expression (Cordero et al. 2011, Barres ef al. 2009).

the diet style) and individual physiological reaction.

Conclusions

The HFSD in present research conditions was
able to induce a stable adiposis in C57BL/6J mice and
alter the expression status of metabolism related genes
(Leptin, Glut4 and Glut2). The higher level of DNMT1
induced by HFSD in fat tissue might play the most
important role in changes of methylation pattern on Glut4
and Leptin genes, and which might be one of the
molecular mechanisms for the adiposis development in
C57BL/6] mice.

Because the specific mechanisms between
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methylation and gene expression are not exactly clear yet,
further studies should be conducted to clarify the
correlation between environment changes (in particular
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