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Abstract

This study aims to determine whether dysfunctional High Density Lipoprotein (HDL) influenced the expression of scavenger
receptor class B type | (SR-BI) to determine reverse cholesterol transport. Blood samples obtained from coronary heart disease
patients confirmed by angiography were collected. HDL was extracted from the blood via ultracentrifugation. Then, the HDL was
injected into apoE—/— mice, and the HepG2 cells cultured with Dulbecco’s modified eagle medium (DMEM) were added the HDL
extracted from coronary heart disease patients. As controls, normal cases without coronary heart disease (CHD) and patients
with angina pectoris and acute myocardial infarction were used. The protein expression levels of SR-B| were detected by western
blot, and the lipid accumulation levels were detected by Oil Red O staining in both tissues and cell levels. These results revealed
that the HDL obtained from CHD patients downregulate the SR-BI expression in ex vitro and in vitro studies. In addition,
dysfunctional HDL may result in lower SR-BI| expression levels. The degree of SR-BI expression levels could be relative to the
degree of coronary congestion. Along with the increase in severe coronary congestion, such as myocardial infarction, the SR-BI
expression levels were lower. The dysfunctional HDL derived from coronary heart disease patients decreased the expression of
SR-BI, and promoted lipid accumulation.
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Introduction abundant in hepatocytes, have been proven to be critical for
selective cholesterol uptake and foam cell development due to
their ability to bind and internalize modified lipoproteins.
SR-BI receptors are mainly distributed in hepatocytes, macro-
phages and others. The development of atherosclerosis by cho-
lesterol accumulation is encumbered with SR-B1 on
macrophages and endothelial cells. Hepatic SR-B1 is a HDL
receptor that binds to HDL and modulates HDL metabolism,

Scavenger receptor class B type I (SR-B1) is a high-affinity
receptor for hepatic high-density lipoprotein cholesterol
(HDL-c), and has a critical role in the hepatic high-density
lipoprotein (HDL) cholesterol efflux of reverse cholesterol
transport (RCT). In addition, SR-B1-dependent uptake is a key
mediator of HDL functionality, and its function is upregulated
by HDL, but the effect is not dose dependent.! HDL-c obtained
from coronary heart disease (CHD) patients are dysfunctional >
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attributing to cholesterol efflux. Hepatic SR-B1 has been pro-
ven as a key metric in HDL metabolism and atherosclerosis.
The downregulation of hepatic SR-B1 elevates the HDL level,
which contributes to lipid accumulation and atherosclerosis in
studies on mice.” Similarly, it has been investigated that
humans with a rare mutation in the SCARBI1 gene exhibits
increased HDL concentration, exaggerating the cardiovascular
disease.®

It was hypothesized that abnormal HDL functionality
decreases RCT function through reduced SR-B1 in CHD.
Therefore, the present study aimed to determine whether dys-
functional HDL influences the expression of SR-B1, in order to
determine the RCT.

Methods
Subject

Patients diagnosed with CHD in the Second Shanxi Medical
University were recruited by degree of coronary stenosis. The
groups included subjects with angina pectoris and myocardial
infarction cases, while the healthy and blank controls were
determined according to the relationship of the SR-B1 expres-
sion with HDL-c efflux function from CHD. The present study
was approved by the Ethics Committee of the Second Hospital
of Shanxi Medical University, and all patients provided a
signed informed consent.

Inclusion and Exclusion Criteria

Inclusion criteria: (1) patients diagnosed with CHD; (2)
patients >18 years old; (3) patients who provided a signed
informed consent. Exclusion criteria: (1) patients who received
statin therapy; (2) patients who had severe infections; (3)
patients who had autoimmune diseases; (4) patients who had
important organ damage, such as the liver, kidney and endo-
crine system, and severe cardiac dysfunction; (5) patients with
incomplete data.

Methods

In the coronary angiography, 7 ml of venous blood were col-
lected from the above subjects, placed into tubes with EDTA,
and centrifuged at 3,000 rpm for 20 minutes after pre-cooling at
4°C. Then, the upper serum was labeled and frozen at —80°C.
After all the required blood samples were collected, the
subsequent experiments were performed. The HDL in serum
was isolated by ultracentrifugation, and the HDL concentra-
tions in the 3 groups were determined using a HDL assay Kkit.
After ultracentrifugation, plasma is roughly divided into 3
layers: the top layer is TG, VLDL, and LDL, the middle layer
is HDL, and the bottom layer is non-lipid plasma. The purity of
HDL was identified by SDS-PAGE electrophoresis. As the
main component of HDL is apoA-I, protein enrichment can
be seen at 30KD.

Animals

ApoE—/— male mice were obtained from Shanxi Medical
University. Mice in these 4 groups were 12-weeks old, and
were injected with the samples obtained from healthy subjects,
angina patients, and myocardial infarction patients from the tail
vein, respectively. After feeding with non-high fat diet for 4
weeks, these mice was sacrificed by cervical dislocation. Then,
the livers were removed, and stored in liquid nitrogen.

Cell Culture

HepG2 cells, which is a human hepatocyte cell line, were incu-
bated with 5% CO,, and cultured with DMEM containing 10%
fetal bovine serum and antibiotics. Then, these HepG2 cells
were seeded at a density of 5 x 10°/well on 2 6-well plates,
and grown to 70%-80% confluence for 24 hours before adding
the extracted 50 pg/ml of HDL.”

Red Oil O

The lipid droplets in hepatic tissues were observed by Oil Red
O staining. The liver tissues that were frozen in liquid nitrogen
were cut into 7-um slices, and fixed on slides. After 70% alco-
hol differentiation, these were dyed with 60% Oil Red O solu-
tion for 2-3 minutes. Then, these were rinsed with distilled
water and observed.

Next, the original medium was removed from the 6-well
plates. Then, the cells in these plates were carefully washed
with phosphate-buffered saline (PBS), and fixed with 4% par-
aformaldehyde for 30 minutes at 37°C. Afterward, these cells
were washed with PBS twice. Subsequently, red oil O staining
solution of approximately 1.0-1.5 ml/well was added, and this
was incubated for 20 minutes at 37°C. Then, these were washed
with PBS for 3 times before observing and imaging under a
microscope.

Western Blot Analysis

Western blot was performed to determine the SR-B1 expres-
sion levels in liver and HepG2 cells. Then, the subsequent tests
were conducted using rabbit anti-SR-B1 (Santa, sc-67098) and
the HRP-conjugated secondary antibody.

Statistical Analysis

The software program SPSS 25.0 (IBM, Chicago, USA) was
used to conduct the statistical analysis. Continuous variables
were expressed as mean + standard deviation (SD). Discon-
tinuous variables were expressed in percentage (%). For mul-
tiple comparisons, each value was compared by one-way
ANOVA, following the Dunnett’s test, when each datum con-
formed to the normal distribution, while non-normally distrib-
uted continuous data were compared using non-parametric
tests. The counting data were tested by chi-square test. The
protein levels were quantitated using ImagelJ software.
P < 0.05 was considered statistically significant.
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Figure |. Histopathological examination. Lipid deposition on hepatic tissues (H&E staining, oil red O staining, <200 magnification). A/B: control
group; C/D: healthy group; E/F: angina pectoris group; G/H: myocardial infarction group.

Results
In Vivo

The mice in the different groups were 12 weeks old, and
injected with 50 pg/ml of HDL obtained from healthy subjects,
angina patients, and myoinfarction patients from the tail vein,
respectively. The mice in the blank control group were injected
with 50 pg/ml of normal saline. Such injections were given
once per week, a total of 4 time, and the mice were fed with
general diet and sacrificed after 4 weeks. The collected livers
were used for the subsequent experiments. The results of the
histopathological examination are presented in Figure 1. The
effect of HDL obtained from healthy and CHD subjects on the
expression of SR-B1 in mice is presented in Figure 2. For

healthy cases, the SR-B1 expression increased in the liver,
when compared with the myocardial infarction group (P < 0.01).
The HDL extracted from myocardial infarction patients
resulted in a profound decrease in SR-B1 expression (P < 0.05),
when compared with angina pectoris cases. However, the differ-
ence between the angina pectoris and myocardial infarction
groups was insignificant.

In Vitro

It was determined whether the 50 pg/ml of HDL influenced the
SR-B1 levels in hepatic cells. The treatment with 50 pg/ml of
HDL obtained from the 4 cases for 24 hours resulted in fluctua-
tions in SR-B1 levels and hepatic lipid deposits. The effect of
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Figure 3. Relative lipid droplets contents images of hepatocytes in control and healthy cases and angina pectoris and myocardial infarction
conditions. (A) Control group, (B) healthy group, (C) angina pectoris group, and (D) myocardial infarction group.

HDL from the 4 cases was uncovered by Oil Red O staining on
lipid droplets (Figure 3). Compared with the blank controls, the
healthy cases exhibited a significantly higher expression of SR-
B1 and lower levels of lipid content in hepatocytes. Strong
positive correlations were observed between HDL obtained
from CHD cases and cholesterol-rich hepatic tissues. However,
there was a negative correlation between the HDL in CHD and
the expression of SR-B1 in vivo and ex vivo. Thus, a strong
correlation was observed between SR-B1-dependent efflux and
the extent of cholesterol-rich hepatocytes. Similarly, a decrease
was found in the hepatic cholesterol accumulation with HDL

obtained from CHD patients among controls and healthy
donors (Figure 4).

Discussion

The outcomes of the present study revealed that the HDL from
CHD patients downregulated the SR-B1 expression in ex vitro
and in vitro studies. In addition, the dysfunctional HDL may
have resulted in lower SR-B1 expression levels that were irre-
lative to the HDL concentration. The degree of SR-B1 expres-
sion levels could be relative to the degree of coronary ischemia.
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Figure 4. The protein expression of SR-BI in hepatocytes. *P < 0.05, **P < 0.01; HDL 50 pg/ml, n = 3.

Along with the increase in severe coronary congestion, such as
myocardial infarction, SR-B1 expression contains lower levels.

The present study revealed that the normal function of HDL
was lost or reduced in angina pectoris and acute myocardial
infarction, when comparison with the controls and healthy
cases. It was considered that raising the HDL-c levels has a
strong inverse association with coronary heart disease risk.®
The present study revealed that the enhanced HDL concentra-
tion obtained from healthy and CHD cases led to 2 totally
different outcomes in HDL metabolism, which apparently
failed to correspond with the assumption that elevated HDL-c
protects against cardiovascular diseases. Furthermore, there
was no exact association between HDL-c levels and CHD,
according to the therapies on cholesteryl ester transfer protein
(CETP) inhibitors®'° and the LIPG variant without endothelial
lipase function.'""'? Overall, the relationship between HDL and
CHD is not simple, and varies with the HDL level, making it a
poor determinant in showing correlation of subjects among the
CHD group. However, this frequently ignored HDL function
may play a more important role in its association with CHD.
The present study consistently exhibited that HDL function
appears to be a more sensitive agent of cardiovascular risk than
serum levels alone. The study mainly concentrated on HDL
properties and its main order to confirm whether HDL function
varied from different cardiovascular diseases conditions.
Furthermore, there is growing evidence that there are dysfunc-
tional forms of HDL without the cardio-protective properties,
and even acquired pro-atherogenic qualities under certain con-
ditions. HDL function was significantly impaired in subjects
with various cardiovascular diseases.'>"'> A spectrum of HDL
dysfunctions consist of a reduced cholesterol efflux capacity
from hepatocytes and so on.'®!”

Reportedly, studies on mice injected with dysfunctional
HDL indicated that dysfunctional HDL expresses impaired
RCT function, decreased prevention of inflammation and oxi-
dation, prothrombic state and apoptosis, which brings into
question the pathophysiological mechanism of dysfunctional
HDL in reducing the cholesterol reverse transport efficiency.
Furthermore, the present study found that a P376 L variant in

SR-B1, which completely lost the function of SR-B1, has
markedly elevated the HDL-c levels, but paradoxically,
increased the atherosclerosis.'® The HDL cholesterol efflux
capacity decreases in ACS and stable CHD.'® SR-BI pathways
negatively regulate the RCT function, regardless of the low
HDL levels.?® However, for the overexpression of the
increased efficiency of RCT and vice visa, insights on the
effect of HDL on SR-B1 expression remains to be revealed.
The relationship of reduced SR-BI function to HDL in athero-
sclerotic cardiovascular disease has not been elucidated. The
mechanism of dysfunctional HDL on RCT remains unclear.
The strong inverse association between the amounts of
HDL-c and CHD risk has generated interest in a potential cau-
sal relationship between HDL function and CHD. Despite the
benefits of HDL-c obtained from healthy donors, it was found
that there was a profound SR-B1 expression decrease for HDL
derived from CHD patients, which induced an accelerated
atherosclerosis, but this was not correlated with the HDL con-
tent.! Across the CHD cases, healthy cases and CHD controls,
it was found that dysfunctional HDL in vivo or ex vivo has a
significantly decreased level of SR-B1 expression, and pro-
foundly increased the lipid deposition, when compared to the
control and healthy cases. In contrast, the HDL obtained from
healthy subjects improved the SR-B1 expression, but was not
statistically significant. In other words, those who received
myocardial infarction had a significant decrease in SR-BI lev-
els in hepatocytes, and this increased the risk of itself, accord-
ing to the dysfunctional HDL, regardless of the level of HDL.

Studies have demonstrated the changes in plasma HDL
composition in patients with acute coronary syndrome and sta-
ble CHD, in order to verify the HDL dysfunction.”’ HDL
removes cholesterol from extra-hepatic tissues and returns back
to the liver, and this is accompanied by its modified composi-
tion and HDL featured with a large lipid-rich a-1 and o-2 HDL
particle.”” It has been reported that SR-B1 deficiency could
assemble the HDL particle formation, which is involved in
preBHDL, but is independent of cholesterol efflux.?® In addi-
tion, the investigators revealed that HDL particles isolated
from CHD patients failed to inhibit the oxidation of LDL
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through human arterial wall cells, were unable to prevent the
chemotactic effect of LDL on monocytes, and did not reduce
the ability of LDL-derived oxidize phospholipids to stimulate
monocyte adherence to endothelial cells, while the HDL
obtained from healthy control subjects exhibited beneficial
effects.

To this end, both ex vitro and in vivo experiments were
designed and executed to demonstrate that the HDL obtained
from CHD cases exerts an aberrant influence on the SR-B1-
dependent selective cholesterol uptake and efflux in hepatocytes.

The conclusion pegs the HDL obtained from CHD patients
as an important ingredient of atherosclerosis. The idea that
HDL is a benefit for preventing atherosclerosis has become
entrenched in our minds, but it remains as an oversimplifica-
tion. Overall, dysfunctional HDL is responsible for the rough
lipid accumulation among CHD patients.

This finding has important implications to justify the
legitimacy of hepatic lipid metabolism disorders due to
dysfunctional HDL. Apart from the above, insulin promotes
cholesterol uptake, intracellular lipid storage, and apo
B-containing lipoproteins secretion by SR-Bl-dependent
mechanisms in a model of human intestinal epithelium.?®
Hepatic FoxOs knockout is associated with increased HDL-c
and SR-BI-dependent HDL-c uptake by the liver, which makes
an indispensable contribution to cholesterol homeostasis and
HDL-mediated reverse cholesterol transport to the liver.?®
Increased lipoprotein uptake promotes the lipid store level in
VHL-defective RCC cells due to the increase in SR-B1 activ-
ity.?” However, considerably more studies needs to be
performed to further clarify the mechanism between SR-B1-
dependent HDL-c efflux capacity in hepatocytes and CHD.

There is evidence that HDL function is correlated to HDL
particle size in the controls, but a significant correlation was
found between HDL function and the small HDL particle.*®
This prospect may be the maintenance of HDL function, which
might be a significant therapeutic target, especially for patients
with CHD. Further institutional studies are needed to clarify the
pathogenesis of CHD.

Limitations

First, in the present study, western blot was performed to inves-
tigate the expression levels of SR-B1. However, other test
methods, such as PCR and the immunohistochemical method,
should also be performed in future studies, in order to investi-
gate the specific protein expression level. Second, the patho-
genesis of CHD caused by dysfunctional HDL remains unclear,
which should be further investigated. Finally, the potential
mechanism why dysfunctional HDL could result in signifi-
cantly decreased level of SR-B1 expression was not detected
in this study. Thus, further studies are really needed.

Conclusion

The dysfunctional HDL derived from CHD patients decreased
the expression of SR-B1 and promoted lipid accumulation.
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