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Abstract
AIM: To investigate the effects of sleeve gastrectomy 
on adipose tissue infiltration and lectin-like oxidized 
low density lipoprotein receptor-1 (LOX-1) expression 
in rat aortas.

METHODS: Twenty-four rats were randomized into 
three groups: normal chow (control), high fat diet (HD) 
and high fat diet with sleeve gastrectomy (SG). After 
surgery, the HD and SG groups were fed a high fat 
diet. Animals were sacrificed and plasma high density 
lipoprotein (HDL) and low density lipoprotein (LDL) lev-
els were determined. LOX-1 protein and LOX-1 mRNA 
expression was also measured. Aortas were stained 
with Nile red to visualize adipose tissue.

RESULT: Body weights were higher in the HD group 
compared to the other groups. HDL levels in control, 

HD, and SG groups were 32.9 ± 6.2 mg/dL, 43.4 ± 4.0 
mg/dL and 37.5 ± 4.3 mg/dL, respectively. LDL levels 
in control, HD, and SG groups were 31.8 ± 4.5 mg/dL, 
53.3 ± 5.1 mg/dL and 40.5 ± 3.7 mg/dL, respectively. 
LOX-1 protein and LOX-1 mRNA expression was greater 
in the HD group versus  the other groups. Staining for 
adipose tissue in aortas was greater in the HD group in 
comparison to the other groups. Thus, a high fat diet 
elevates LOX-1 protein and mRNA expression in aorta. 

CONCLUSION: Sleeve gastrectomy decreases plasma 
LDL levels, and downregulates LOX-1 protein and 
mRNA expression. 
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INTRODUCTION
Morbid obesity is a serious health problem worldwide. 
The incidence of  diet-induced obesity in the United 
States has risen to 32%[1]. Approximately 127 million in-
dividuals are overweight, of  which 60 million are obese 
and 8-10 million have morbid obesity with serious medi-
cal comorbidities, such as increased disability, morbidity 
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and early mortality[1-3]. 
Atherosclerosis is an important comorbidity of  obe-

sity that accounts for over 500 000 deaths annually in the 
United States. Diseases associated with atherosclerosis, 
such as myocardial infarction and stroke, account for the 
majority of  deaths in industrialized countries. Athero-
sclerosis is a complex, multifactorial disease with both 
genetic and environmental determinants.

In clinical trials on atherosclerosis and hypertension, 
researchers found a direct association between the amount 
of  weight loss and blood pressure reduction following 
a 36 mo weight loss intervention[4,5]. Prospective cohort 
studies have also found that the prevalence of  athero-
sclerosis and hypertension decreases with weight loss[6-8]. 
Additionally, several researchers have found a positive re-
lationship between weight gain and atherosclerosis[6,9-12].

Lectin-like oxidized low density lipoprotein recep-
tor-1 (LOX-1) is a type of  oxidized low density lipo-
protein (OX-LDL) receptor[13]. After binding with OX-
LDL, LOX-1 can induce vascular smooth muscle cell 
migration to the tunica intima via extracellular signal-
regulated kinase (ERK) activation. It can also promote 
vascular smooth muscle cell proliferation and increase 
lipid intake, and thereby pathological vascular changes 
that significantly affect the formation and progress of  
atherosclerotic disease[14].

Thus, we hypothesized that sleeve gastrectomy would 
result in weight loss, and thereby prevent LOX-1 protein 
and LOX-1 mRNA expression, as well as adipose tissue 
infiltration in the aorta.

MATERIALS AND METHODS
Twenty-four male, 8-week-old, Wistar rats weighing 180 
g-200 g (Beijing Laboratory Animal Research Center, 
China) were acclimatized for 7 d, and then randomized 
into three groups: normal chow (control), high fat diet 
(HD) and high fat diet with sleeve gastrectomy (SG). 
The normal diet consisted of  10% kcal of  fat (D12450B 
diet, Research Diets Inc, New Brunswick, NJ), whereas 
the high fat diet consisted of  60% kcal of  fat (D12492 
diet, Research Diets Inc, New Brunswick, NJ). Through-
out the study, rats were kept in individual metabolic 
cages with a natural light/dark cycle, at a temperature of  
18 ℃ ± 2 ℃ and humidity of  50% ± 2%.

Rats were anesthetized with an intraperitoneal injec-
tion of  300 mg/kg chloral hydrate and placed in the 
supine position on a surgical board with their extremities 
immobilized. An epigastric incision of  approximately 
1.5 cm-2 cm in length was made. The incision was kept 
open with a blade retractor, and the gastric omentum 
dissociated to reveal the gastric cardium. The gastric cav-
ity was then closed with vascular clamps and cut off  with 
a cauterizer, which also induced hemostasis. A gastric 
tube was made from the distal antrum (1.5 mm-2 mm 
from the pylorus) to the Hiss angle using an 8-0 unab-
sorbable suture. The fundus was completely removed (i.e., 
70%-80% of  total stomach). After the gastric tube was 

constructed, the peritoneal cavity was cleaned with saline 
and closed with a 6-0 silk suture. In the control group, a 
sham operation was performed as described above with 
the exception of  the stomach incisions. All animals were 
given 5 mL of  sterile, warmed saline subcutaneously to 
avoid dehydration, and allowed to recover from anesthe-
sia and surgery. Rats were then returned to their home 
cages, and provided with food and water ad libitum 24 h 
after the surgery.

Following the surgery, rats in the HD and SG groups 
received a high fat diet for 30 d, whereas rats in the 
control group received normal chow. Body mass was 
checked in all rats prior to the operation and sacrifice. 
Thirty days after surgery, all rats were sacrificed and 
blood samples were collected to measure high-density li-
poprotein (HDL) and low-density lipoprotein (LDL) us-
ing fast-phase liquid chromatography (FPLC) and their 
respective colorimetric assay kits.

Aortas were homogenized and centrifuged at 15 000 
rpm at 4 ℃ for 15 min. Protein concentrations were de-
termined with a protein assay (Thermo Fisher Scientific 
Inc., IL, United States). Forty micrograms of  protein 
were separated by electrophoresis via a 12.5% sodium do-
decyl sulfate polyacrylamide gel electrophoresis gel. Gels 
were then blotted onto nitrocellulose membranes, which 
were blocked with 5% skimmed milk for 1 h and then 
blotted overnight at 4 ℃ with Rbt polyclonal primary 
antibody (ab60178, Abcam, Unit 225A and 225B, 2/F 
Core Building 2, No. 1 Science Park West Avenue, Hong 
Kong Science Park, Shatin, N.T., Hong Kong). After 
blotting with goat anti-Rbt secondary antibody, immune-
complexes were visualized using an electrochemilumines-
cence Western blotting analysis system (FUJI film, United 
States).

Real-time quantitative polymerase chain reaction 
(PCR) analysis was carried out using an iQ5 Real-Time 
PCR Detection System (Bio-rad, CA, United States). 
The total amount of  RNA used in reverse transcrip-
tion was 1 μg. The following steps were performed to 
synthesize cDNA: samples were placed at 25 ℃ for 10 
min, then 42 ℃ for 50 min, then 85 ℃ for 5 min, then 
chilled on ice, then 1 μL of  Escherichia coli RNase H was 
added, and lastly the samples were incubated at 37 ℃ 
for 20 min. LOX-1 primers were as follows: sense: 
5'-GACTGGATCTGGCATAAAGA-3'; antisense: 
5'-CCTTCTTCTGACATATGCTG-3'.

GAPDH sequences were as follows: sense 5'-CAC-
CCTGTGCTGCTCACCGAGGCC-3' ; antisense 
5'-CCACACAGATGACTTGCGCTCAGG-3'.

Real-time PCR parameters were as follows: 2 min at 
50 ℃, 2 min at 95 ℃, followed by 40 cycles of  15 s at 
95 ℃, 30 s at 55 ℃ and 30 s at 60 ℃. All measurements 
were performed in triplicate and each series of  experi-
ments was repeated twice. All quantifications were stan-
dardized to the amount of  GAPDH amplification.

Aortas were taken out and frozen (Leica CM1850, 
Germany). A frozen slide (5 μm) was made, and stained 
immediately with 0.5 mL of  Nile red (1 mg/mL) (Sigma 
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Co, St Louis, MO, United States) for 5 min in the dark[15]. 
Fluorescence microscopy (Olympus IX51 10X10, Japan) 
was used to visualize adipose tissue in the slides.

RESULTS
All of  the rats survived and recovered from the gas-
trectomy. Body weights were significantly higher in the 
HD group compared to the control and SG groups (P 
< 0.05) (Figure 1). HDL levels in control, HD and SG 
groups were 32.9 ± 6.2 mg/dL, 43.4 ± 4.0 mg/dL and 
37.5 ± 4.3 mg/dL, respectively. However, there were no 
statistical differences between the HD and SG groups (P 
> 0.05). LDL levels in the control, HD and SG groups 
were 31.8 ± 4.5 mg/dL, 53.3 ± 5.1 mg/dL and 40.5 ± 3.7 
mg/dL, respectively (Figure 2). There was a statistically 
significant difference in LDL between the HD and SG 
groups (P < 0.01). LOX-1 protein expression in the 
HD and SG groups was 3.0 ± 1.6-fold and 1.5 ± 0.4-fold 
higher compared to control (Figure 3). There was a sta-
tistically significant difference between the HD and SG 
groups (P < 0.05). Furthermore, LOX-1 mRNA ex-
pression was 1.9 ± 0.6-fold and 1.3 ± 0.3-fold greater 

in the HD and SG groups versus control (Figure 4). 
There was a statistically significant difference between 
the SG and HD groups (P < 0.05). Nile red staining of  
control, HD and SG aortas is illustrated in Figures 5.

DISCUSSION
Obesity is associated with low-grade inflammation[16,17], 
which has been shown to be an initiating factor in en-
dothelial dysfunction and atherosclerosis, and thus may 
cause arterial stiffness[17,18].

A direct association between the amount of  weight 
loss and blood pressure reduction has been reported in 
some clinical trials[4,5]. Prospective cohort studies have 
also found that the prevalence of  atherosclerosis and 
hypertension decreases with weight loss[6-8]. Additionally, 
several researchers have found a positive association be-
tween weight gain and obesity with atherosclerosis and 
hypertension[6,9-12].

Pro-inflammatory cytokines may play a role in the 
development of  insulin resistance, which can be reversed 
by anti-inflammatory agents. These findings suggest that 
inflammation may be directly involved in the pathogenic 
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Figure 4  Lipoprotein receptor-1 mRNA expression compared to control 
levels. aP < 0.01 vs control; bP > 0.05 vs control; cP < 0.05 vs HD. HD: High fat 
diet; SG: Sleeve gastrectomy; LOX-1: Lipoprotein receptor-1.
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Figure 1  Body weights (g) of control, high fat diet, and high fat diet plus 
sleeve gastrectomy groups. aP < 0.05 vs SG group; dP < 0.01 vs other groups. 
SG: Sleeve gastrectomy; HD: High fat diet.
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Figure 2  Plasma high-density lipoprotein and low-density lipoprotein 
concentration (mg/dL). aP < 0.01 vs control; bP < 0.05 vs control; cP > 0.05 
vs HD; dP < 0.01 vs control; eP < 0.05 vs control; fP < 0.01 vs HD. HD: High fat 
diet; SG: Sleeve gastrectomy; HDL: High density lipoprotein; LDL: low density 
lipoprotein.
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Figure 3  Lipoprotein receptor-1 protein expression compared to control 
levels. aP < 0.01 vs control; bP < 0.05 vs control; cP < 0.05 vs HD. HD: High fat 
diet; SG: Sleeve gastrectomy; LOX-1: Lipoprotein receptor-1.
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properties of  cytokines. Evidence suggests that both 
macronutrient intake and obesity may activate inflamma-
tory signaling pathways in cells[19].

In the present study, LOX-1 protein expression in 
the aorta was upregulated in the HD group, and was pre-
vented by gastrectomy in the SG group. Furthermore, 
LOX-1 mRNA expression was downregulated in the SG 
group versus the HD group. LOX-1 is a major receptor 
of  ox-LDL and LDL in the vascular endothelium. The 
role of  LOX-1 in atherogenesis is supported by several 
lines of  evidence. LOX-1 demonstrates a strong affinity 
for binding, internalizing and degrading OX-LDL[20]. The 
oxidized form of  LDL (OX-LDL) is thought to be more 
important in atherogenesis than the native LDL form[21]. 
OX-LDL injures the endothelium and is an important 
mediator in atherogenesis[22]. OX-LDL activates LOX-1 
and induces endothelial dysfunction and apoptosis[23,24]. 

There are other mediators of  atherosclerosis, such as an-
giotensin Ⅱ, cytokines, sheer stress and advanced glyca-
tion end-products, that upregulate LOX-1. Furthermore, 
LOX-1 is dynamically upregulated by pro-atherogenic 
conditions, such as diabetes, hypertension and dyslipid-
emia. LOX-1 is present in atheroma-derived cells, and in 
human and animal atherosclerotic lesions[25-28].

To date, surgery has been proven to be the only effec-
tive method for treating morbid obesity[29,30]. Observational 
studies suggest that weight-loss surgery is associated with 
a 60% to 80% diabetes remission rate in severely obese 
individuals, and that earlier interventions are more likely 
to provide remission[31]. Additionally, there are concerns 
regarding the lack of  evidence, as well as the safety, inva-
siveness, and cost-effectiveness of  such surgical weight-
loss procedures. Providing appropriate evidence has been 
problematic due to the invasive nature of  the surgery, 
which makes recruitment difficult. However, with the ad-
vent of  safer, less invasive surgical weight-loss procedures, 
randomized clinical trials are now feasible.

Sleeve gastrectomy, a type of  bariatric surgery, was 
performed in this experiment. In the SG group, body 
weights were significantly lower than those of  the HD 
group. As a result, LOX-1 protein and mRNA expres-
sion levels, as well as LDL levels, were significantly lower 
in the SG group versus the HD group. SG is a type of  
purely restrictive surgery, where a moderate restriction 
is created, while the integrity of  the duodenum, pylorus, 
antrum, lesser curvature and vagal nerve, and a relatively 
normal eating behavior, are maintained. Recent findings 
also suggest that SG might be a safe, beneficial, and ef-
fective stand-alone approach[32-34]. Moon et al reported 
that SG resolves all comorbidities of  obesity in over 
90% of  subjects over a 12-mo period, with the exception 
of  dyslipidemia, which is resolved in 65% of  subjects[33]. 
Moreover, there was a dramatic loss of  appetite in 
more than half  of  the patients postoperatively[33]. Kara-
manakos et al[35] found that SG preserved the integrity 
of  the pylorus and did not induce an intestinal bypass. 
Furthermore, LDL levels, as well as liver enzymes, were 
decreased significantly in SG patients.

In summary, a high fat diet elevates LOX-1 protein 
and mRNA expression in the aorta. Sleeve gastrectomy 
can prevent increases in plasma LDL levels, as well as an 
upregulation in LOX-1 protein and mRNA expression 
associated with a high fat diet.
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Figure 5  Nile red staining of an aorta from the three groups (× 100). A: Nile 
red staining of an aorta from the control group; B: Nile red staining of an aorta 
from the high fat diet group; C: Nile red staining of an aorta from the sleeve 
gastrectomy group.
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