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Abstract The aim of this study was to investigate the effects
of homocysteine (Hcy), a risk factor for cardiovascular dis-
eases, hypertension, stroke and obesity, on expression of
CD36 that regulates uptake of oxidized low-density lipopro-
tein (Ox-LDL) by adipocytes and differentiation of 3T3-L1
cells to adipocytes. Cell viability was determined using
MTT assay, and density of triglycerides were measured with
Oil Red O staining. The expression levels of CD36 were an-
alyzed using SYBR green assay by quantitative RT-PCR. Our
results showed that the addition of Hey inhibited differentia-
tion of 3T3-L1 preadipocytes in a dose-dependent manner
without a significant cell toxicity (p < 0.05). Percentage
CD36 gene expression increased in the Hey treatment groups,
but not statistically significantly (p > 0.05) compared to dif-
ferentiated adipocytes. Hey reduced adipocyte differentiation,
but had no effect on the expression level of CD36 in vitro
conditions. The effect of Hcy on uptake and clearance of
Ox-LDL by adipose tissue now needs to be investigated
in vivo.
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Abbreviations

Hcy Homocysteine

Ox-LDL  Oxidized low-density lipoprotein

IBMX Isobutylmethyl xanthine

PPARy  Peroxisome proliferator-activated receptor gamma

C/EBPx  CCAAT/enhancer binding protein alpha

Introduction

CD36, an 88 kDa glycoprotein, is a class B scavenger re-
ceptor. It is expressed in many cells such as, platelets,
monocytes, macrophages, capillary endothelial cells and
adipocytes. Studies with CD36 transferred human epithelial
kidney cells have demonstrated that CD36 is an oxidized
LDL receptor by revealing a specific Ox-LDL binding ca-
pacity of CD36 (Endemann et al. 1993). It has a high affin-
ity for Ox-LDL. The Ox-LDL binding and uptake capacity
of CD36 is thought to regulate transformation of macro-
phages to foam cells. CD36 is expressed in adipocytes,
but mechanisms and factors that regulate uptake and deg-
radation of Ox-LDL by adipocytes have not been fully
identified (Zhao et al. 2004). Adipocytes take and reduce
Ox-LDLs by CD36 from circulation under hypercholester-
olemic conditions. Adipose tissue is described as a buffer-
ing pool for circulating cholesterol. This makes adipose
tissue a potential target for the treatment of atherosclerosis
(Wu and Zhao 2006).

Homocysteine is a sulfur containing amino acid pro-
duced during methionine metabolism and not seen in pro-
tein structure. Hyperhomocysteinemia is a known indepen-
dent risk factor for cardiovascular diseases. Although the
mechanism is not fully understood, Hcy has been reported
to contribute to atherosclerosis development and foam cell
formation (Li et al. 2008). Homocysteine has been shown to
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be related to endothelial dysfunction, proliferation of vas-
cular smooth cells, increased lipoprotein oxidation and
platelet activation. Serum Hcy levels have been found to
be elevated in obese humans (Vaya et al. 2011). However,
the relation between Hcy and CD36 in adipose tissue has
not been studied.

The aim of this study was the in vitro investigation of the
effects of Hey, involved in pathologies including cardiovascu-
lar diseases, hypertension, stroke and obesity, on expression of
CD36 that regulates Ox-LDL uptake and differentiation of
3T3-L1 cells.

Materials and methods
Compounds

DL-homocysteine, insulin, dexamethasone, isobutylmethyl
xanthine (IBMX), biotin, [3-(4,5-dimetiltiazol-2-yl)]-2,
S-difeniltetrazolyum bromide (MTT), Oil red O were obtained
from Sigma (St. Louis, MO, USA). Fetal bovine serum was
purchased from Biochrom (Berlin, Germany), Dulbecco’s
Modified Eagle’s Medium (DMEM) from American Type
Culture Collection (ATCC, Manassas, VA, USA), 2-
propanol from J.T. Baker (PA, USA), TriPure Isolation
Reagent and SYBR Green from Roche (Mannheim,
Germany) and cDNA synthesis kit from Promega (Madison,
WI, USA).

Cell culture and differentiation

3T3-L1 cells were purchased from American Type
Culture Collection and were grown in DMEM containing
10 % fetal bovine serum. For adipocyte differentiation,
cells were grown in 6-well plates to full confluence for
2 days and then in differentiation medium (DM) contain-
ing 10 pg/mL insulin, 0.25 pM dexamethasone, 0.5 mM
IBMX and 100 ng/mL biotin was added to the culture.
After 4 days’ induction, the medium was changed to
DMEM with 10 % fetal bovine serum, 10 pg/mL insulin
and different concentrations of Hcy for differentiation at
37 °C and 5 % CO,. After 6 days’ induction, the medium
was changed to DMEM with 10 % fetal bovine serum,
10 pg/mL insulin and 100 ng/mL biotin. Hcy was dis-
solved in DMEM and was added to the medium at the
indicated concentration.

Oil Red O staining
Staining procedure was conducted according to the previously
described method (Ramirez-Zacarias et al. 1992) with slight

modifications. In brief, the cells were washed twice with PBS
and fixed with 10 % formalin at room temperature for 1 h.
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After incubation, the wells were washed with 60 % 2-propanol
twice and stained with oil red O at room temperature for
10 min. After incubation, the wells were washed with pure
water five times. Pictures of cells were taken using an inverted
microscope (Nikon Eclipse TS100, Tokyo, Japan). 2-propanol
of 100 % was added to wells and oil red-O was added to the
2-propanol phase. One milliliter of solution was taken, and
absorbances were read using a spectrophotometer (Shimadzu
UV1601, Australia) at 520 nm.

Assessment of cell viability

Cell viability was determined using MTT assay (Mosmann
1983). Cells were plated in flat-bottomed 96-well microplates.
After 24 h, different concentrations (0, 10, 50, 100, 250, 500,
and 750 uM) of Hey were added to cells and left to incubate
for 72 h. Next, 10 uL of MTT solution (final concentration of
0.25 mg/mL) was added to each well and the composed crys-
tals were then dissolved in DMSO. Finally, absorbance was
measured at 570 nm using a microplate reader (Versamax,
Molecular Devices, California, USA). Optical densities were
used to determine % cell viabilities using the formula [(OD of
treated group/OD of control group) x 100] in treatment cells
compared to control cells with no compound exposure (Xuan
etal. 2014).

Gene expression studies

Total RNA was isolated using TriPure Isolation Reagent.
Purities of RNAs were determined with NanoDrop (Thermo
Scientific, Waltham, MA, USA) by measuring the OD,¢/
ODa,g ratio. RNA samples were converted to complementary
DNA (cDNA) using a first strand cDNA synthesis kit follow-
ing the manufacturer’s recommendations.

Expression levels of CD36 were analyzed by SYBR
green assay with quantitative RT-PCR conducted using
LightCycler 480 II (Roche, Rotkreuz, Switzerland). The
primers used in the experiments were shown in Table 1
according to previously described (Lefrere et al. 2002)
and were manufactured by Metabion International AG
(Martinsried, Germany). Initial incubation was performed
for 5 min at 95 °C, followed by 50 cycles of PCR (95 °C
10s, 72 °C, 10 s) and finally at 40 °C for 10 s. Results were
calculated with an advance relative quantification module
compared to B-actin expression of undifferentiated cells
(cells with no test compound).

Statistical analysis

All experiments were carried out in triplicate, and all results
were expressed as mean + standard deviation (mean + S.D).
Statistical analysis was performed using the paired-samples T
test. p < 0.05 was regarded as significant.
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Table 1 Primer pair sets and

Primer Sequence

5’-GAG ACC TTC AAC ACC CC- 3’

5’-GTG GTG GTG AAG CTG TAG CC- 3°

5’- GAT GTG GAA CCC ATA ACT GGATTC AC- 3’
5’- GGT CCC AGT CTC ATT TAG CCA CAG TA- 3’

parameters used in the real time Name
polymerase chain reaction
analysis [3-aktin Forward
Reverse
CD 36 Forward
Reverse
Results

Effect of Hcy on the cell viability

3T3-L1 cells were incubated with Hcy at several doses (0—
750 uM) for 72 h and cell viabilities were detected using MTT
assay (Fig. 1). Concentrations of Hey up to 100 uM were
found to have no cytotoxic effect in 3T3-L1 cells, but signif-
icantly decreased cell viability was observed at concentrations
as high as 250-750 uM (p < 0.05). So, Hcy was used in
further experiments at the concentrations between 10 and
100 uM.

Differentiation of 3T3-L1 cells to adipocytes

The representative images of Oil Red O staining shown in
Fig. 2 and it suggests that successful differentiation procedure
of preadipocytes to mature adipocytes was achieved.

Hcy inhibits adipocyte differentiation of 3T3-L1
preadipocytes

Our results showed that Hey inhibited differentiation of 3T3-
L1 preadipocytes without a significant cell toxicity
(» <0.0001), (Figs. 2 and 3). It is evident from the data shown
in Fig. 3 that as the concentration of Hey is increased, there is a
proportional decrease in the level of differentiation of 3T3-L1
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Fig. 1 Cell viability of 3T3-L1 cells treated with different concentrations

of Hey for 72 h. Data are mean values = SD (n = 3) *p < 0.05,
**p <0.0001 compared to control
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preadipocytes; the differentiation rate at 10, 50 and 100 uM
declined by 12.5 %, 18.3 % and 18.6 % respectively.

Effects of Hcy on gene expression of CD36 receptor
in differentiated adipocytes from 3T3-L1 preadipocytes

To further explore the mechanism underlying the suppression
of adipocyte differentiation by Hcy, the mRNA level of CD36
was examined. Although a 5 % increase in CD36 gene expres-
sion was determined in differentiated cells compared with un-
differentiated cells, this was not significant (p = 0.532). CD36
gene expression was increased by 10 % at the concentration of
100 uM Hcy treatments compared to differentiated cells, but
this increase was not significantly (p > 0.05). There is no sta-
tistical difference among treatment groups (p > 0.05) (Fig. 4).

Discussion

Hyperhomocysteinemia is an independent risk factor for ath-
erosclerotic vascular disease and atherothrombosis. It has been
shown to induce several functional changes in vascular cells,
leading to endothelial cell dysfunction and activation, smooth-
muscle cell proliferation, monocyte attraction, and monocyte
adhesion to endothelial cells (Ide et al. 2006). Also, several
mechanisms have been proposed to explain the atherogenic
properties of Hcy. In particular, it has been shown that Hcy
promotes activation of the protein kinase C (PKC)/c-fos signal-
ing and coagulation pathway, and induces platelet aggregation
and lipoprotein oxidation (Beauchamp and Renier 2002). We
demonstrated that Hcy could decrease the viability of 3T3-L1
cells in a dose-dependent manner. So, we have not used greater
than the concentrations of 100 uM in following experiments.
Consistent with our study, there are many papers about cyto-
toxic effect of Hey on various different cell lines (Sung et al.
2002; Nakanishi et al. 2005; Liu et al. 2009; Lin et al. 2014)
and the cytotoxic effect of Hcy is attributed to its potential of
forming reactive oxygen species (Poddar et al. 2001; Sung et al.
2002; Li et al. 2008; Wang et al. 2011a). It might been sug-
gested that the cytotoxic effect of Hcy, at least partially, medi-
ated by the induction of oxidative stress.

Obesity is accepted an independent risk factor for coronary
heart diseases (Bray 2004; Lavie et al. 2009; Lovren et al.
2015). However, the relation between atherosclerosis and obe-
sity is not fully understood. Excessive uptake of Ox-LDL by

@ Springer



58

A. Mentese et al.

Fig. 2 Effects of Hcy on
intracellular lipid accumulation in
3T3-L1 cells. Microscopic
images of undifferentiated,
differentiated, differentiated and
treated with several doses of Hey
(10, 50, and 100 uM) after Oil
Red O staining, respectively

adipocytes seems to be useful for preventing atherosclerosis,
but it causes over-accumulation of lipid in adipocytes.
Adipose tissue therefore releases cytokines, such as resistin
and PAI-1, in association with this. This may cause athero-
sclerosis and insulin resistance (Kuniyasu et al. 2002).
Adipose tissue plays a central role in nutrient sensing and
energy homeostasis. It stores surplus calories and secretes
peptide hormones or adipokines that regulate food intake
and energy use (Hajri et al. 2007). In the present study, a
statistically significant difference was determined between
mean absorbance values after staining of undifferentiated
3T3-L1 cells and mature adipocytes (p < 0.05). This finding
demonstrated successful differentiation of preadipocytes to
mature adipocytes. When we compared Hcy treated and un-
treated cells we found that Hey significantly reduced adipo-
cyte differentiation (p < 0.05). PPARy and C/EBPx are
known to be expressed in early stages of differentiation
(Ntambi and Young-Cheul 2000). PPARY is required for ad-
ipocyte differentiation and is the main transcriptional regulator
of differentiation. It also activates many genes associated with
adipocyte lipid storage and is expressed abundantly in white
adipose tissue (Chui et al. 2005). Knockout of PPARy gene
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Fig. 3 Quantitative analysis of lipid accumulation. After Oil red O
staining, lipid and Oil red O were dissolved in isopropanol and
absorbance was measured at the wavelength of 520 nm. Undiff means
undifferentiation; diff means differentiation control. Data are mean values
+SD (n =3), *p <0.0001 compared to differentiation control
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caused drastic suppression of the formation and function of
both brown and white adipose tissues (Jones et al. 2005). In
the differentiation of 3T3-L1 preadipocytes, PPARY is quick-
ly induced after induction of differentiation (Ntambi and
Young-Cheul 2000). A negative correlation has been reported
between increased Hcy levels and PPARy (Mujumdar et al.
2002; Wang et al. 2011a). In this study, we observed that
increasing Hcy concentrations reduced differentiation of
preadipocytes. Consistent with our results Wang et al. reported
that Hey inhibits adipogenesis in 3T3-L1 cells via suppression
of the gene expressions of PPARY and its downstream target
adipocyte protein 2 (AP2) (Wang et al. 2011a). Moreover, Hcy
is considered to be a potent pro-inflammatory factor (Li et al.
2008). Poddar et al. shown that Hcy induces both mRNA
expression and protein secretion of the pro-inflammatory cy-
tokines monocyte chemoattractant protein-1 (MCP-1) and
interleukin-8 (IL-8) in cultured human aortic endothelial cells
(Poddar et al. 2001) and Zhou et al. reported that IL-8 inhibits
the differentiation of 3T3-L1 preadipocytes by decreasing the
clonal expansion of the cells (Zhou et al. 2008). Endogenous
stimuli such as (3-adrenergic stimulators, HDLs (high-density
lipoproteins), homocysteine and eicosapentaenoic acid have
also been reported to stimulate AMP-activated protein kinase
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Fig. 4 Effect of Hey on the expression of CD36 in 3T3-L1 adipocytes.

Undiff means undifferentiation; diff means differentiation control. Data
are mean values + SD (n = 3)
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Fig. 5 Possible mechanism of Hey on preadipocytes differantiation. a:
Poddar et al. 2001; Mujumdar et al. 2002; Sung et al. 2002; Li et al. 2008;
Wang et al. 2011a. b: Mujumdar et al. 2002. ¢: Mujumdar et al. 2002. d:
Christiaens et al. 2012. e: Ntambi and Young-Cheul 2000; Chui et al.
2005. f: Mujumdar et al. 2002; Yideng et al. 2008; Wang et al. 2011a. g:
Poddar et al. 2001. h: Wang et al. 2011b; Bijland et al. 2013. 1: Bijland et

(AMPK) activity in adipocytes (Wang et al. 2011b; Bijland et
al. 2013). Proliferation and adipogenesis are anabolic process-
es that multiple lines of evidence suggest are inhibited by
AMPK. AMPK activation has been suggested to inhibit adi-
pogenesis via the mitotic clonal expansion phase, with re-
duced expression of C/EBP{ (which is essential for initiation
of the adipogenic transcriptional cascade), and subsequent in-
hibition of PPARYy, C/EBP«x and late adipogenic markers such
as FAS, aP2 and SREBP-1c¢ (Bijland et al. 2013). We conclud-
ed that Hcy may reduced adipocyte differentiation by
inhibiting PPARYy and increasing IL-8 expressions and acti-
vating AMPK (Fig. 5).

CD36 is a class B scavenger receptor that is involved in
metabolism, atherosclerosis, angiogenesis, immunity and be-
havior. It is a membrane glycoprotein present on platelets,
mononuclear phagocytes, adipocytes, hepatocytes, myocytes,
and some epithelia (Christiaens et al. 2012). CD36 is a target
gene of PPARYy and its expression is regulated by the PPARy
pathway (Christiaens et al. 2012). In the present study we have
evaluated the hypothesis that whether the scavenger receptor
CD36 may play a functional role in adipocyte differentiation
and adipogenesis or not. In hypercholesterolemic conditions,
adipose tissue CD36 uptakes Ox-LDL and reduces its circula-
tion concentration (Li et al. 2008). In monocytes, phorbol
12-myristate 13-acetate (PMA), IL-4, macrophage colony stim-
ulating factor induces CD36 expression via PPARYy activation.
Protein kinase agonists such as PMA stimulate mitogen activat-
ed protein (MAP) kinase signal pathway. Activation of PKC is
regulated by Hey in macrophages. Hey has also been reported to
induce free radical production. Thus oxidative stress that causes
an increase in reactive oxygen species and activation of the
PKC-MAP kinase pathway via PPARYy activation enhances
CD36 activation of Hcy, and therefore Ox-LDL uptake. It has
been demonstrated that Hey induces PKC and reduces PPARYy

+ Adipocytes

al. 2013. j: Wang et al. 2011a. k: Zhou et al. 2008. Hcy may reduces
adipocyte differentiation by inhibiting PPARYy and increasing IL-8 ex-
pressions and activating AMPK. Hcy may have a non-functional role
on the expression of CD36 in adipogenesis via affect simultaneously
PKC and PPARYy

(Mujumdar et al. 2002). Yideng et al. reported that Hey also
could decreases mRNA and protein levels of PPARx and y in
monocytes (Yideng et al. 2008). Another study reported that
Ox-LDL increases level of CD36 by PKC and PPARYy pathway
in macrophages (Ide et al. 2006). Our in vitro data support a
non-functional role for CD36 in adipogenesis. This situation
may arisen from simultaneously effected of CD36 gene expres-
sion from both inducing PKC and reducing PPARYy activities in
the presence of Hey (Fig. 5). In opposite with our results, Ide et
al. reported that the concentrations of 50 and 200 uM Hcy
increases the CD36 expression in human macrophages by
18 % and 41 %, respectively (Ide et al. 2006). This discrepancy
may be arisen from type of used cell line.

In conclusion, we demonstared that Hey reduces adipocyte
differentiation but had no effect on CD36 gene expression in
vitro conditions in 3T3-L1 adipocytes. The effect of Hcy on
uptake and clearance of Ox-LDL by adipose tissue now needs
to be investigated in vivo.
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