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Abstract
Background: MicroRNA (miRNA) plays an important role in regulation of genes, especially in post-
transcriptional level. Many studies had studied the role of miRNAs in the development and progression of
cardiovascular disease through miRNA knockout mice models, and chemically synthesized mimics or
inhibitors of miRNAs. This study was designed to further investigate the effect of miR-638 on lipid
metabolism-related gene expression.

Methods: miR-638 mimics and inhibitors were transfected into HepG2 and macrophages. Appropriate
concentrations and time points used to treat cells were determined through pre-experiment. Then RT2
Pro�ler™  PCR Array chips contained 84 human lipoprotein signals and cholesterol metabolism related
gene were used to investigate the effect of miR-638 on lipid metabolism. Real-time PCR and Western blot
were also used to verify the results.

Mice received 2 times tail vein injections of  StarD10 mimics and inhibitors the �rst week, and the
injection continued three weeks with one time foreach week. Total plasma cholesterol, triglyceride, LDL-C
and HDL-C levels were obtained at sacri�ce; All mice were injected intraperitoneally with H3-cholesterol–
labeled and cholesterol -loaded raw 264.7 macrophages (0.5m L /mice). Serum, liver tissues and feces
were collected at 24 hour. All samples were analyzed for the appearance of 3H-tracer (as the percentage
of the total injected counts). Protein were extracted from liver tissue, and Western-blot was conducted to
evaluate lipid metabolism related protein expression. Sacri�ced the mice and removed the aortas, aorta
plaque and macrophage were investigated by examination of stained sections by H-E staining, Oil-red O
staining and CD68+ staining.

Results: Transfected miR-638 Mimics in HepG2 cells and macrophages could signi�cantly increase the
expression of miR-638. Transfected miR-638 Inhibitors in HepG2 cells could signi�cantly decreased the
expression of miR-638. Results showed that transfected miR-638 Mimics in HepG2 cells and
macrophages could reduce the RNA and protein expression levels of ATP-binding cassette A-1 (ABCA1),
ATP-binding cassette G-1 (ABCG1) and very low density lipoprotein receptor (VLDLR), and transfected
miR-638 Inhibitors in HepG2 cells could increase the RNA and protein expression levels of ABCA1 and
ABCG1. 

Compared with the control groups, the levels of LDL-C and TC were decreased lightly, while the level of
HDL3-C/HDL-C was increased in the StarD10 mimics group. The amount of 3H-cholesteral in StarD10
mimics group were increased by 62.86% in the plasma, 30.73% in the liver and 52.72% in the feces,
respectively. The expression of ABCA1, ABCG1, protein in the liver was higher in StarD10 mimics. The
ratio of the plaque area to luminal area of mice in the StarD10 mimics group is slighter smaller than that
of the adenovirus control group, but there is no statistical difference (P > 0.05). Compared with mice in
the adenovirus control group, mice in the StarD10 mimics group have much lower lipid content (P < 0.01)
and macrophage content (P < 0.01) in the plaque. 
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Conclusions: MiR-638/StarD10 could in�uence the expression levels of genes related to lipid metabolism.
MiR-638/StarD10 can in�uence the blood lipid level, promote reverse transport of cholesterol, and
StarD10 can reduce macrophage content and lipid content in the active surface patches in the mice. 

Introduction
A large number of clinical and epidemiological studies have con�rmed [1,2] that an increase in plasma
low-density lipoprotein cholesterol (LDL-C) levels can accelerate the occurrence of atherosclerosis (AS),
and a decrease in plasma high-density lipoprotein cholesterol (HDL-C) levels can lead to an increase in
the incidence of AS. HDL exerts its anti-atherosclerotic role by participating in reverse cholesterol
transport (RCT). In addition to its anti-atherosclerotic effect, HDL also has an organ-protective effect. Our
recent research shows the following that low HDL-C increased the incidence of subclinical myocardial
injury, lower left ventricular diastolic function and cerebral hemorrhage [3-5]. Although a large number of
epidemiological studies have con�rmed that abnormal HDL metabolism is an important cardiovascular
risk factor, the mechanism governing HDL metabolic disorders has not been fully elucidated. Therefore, it
is urgently important to conduct in-depth translational research on HDL metabolism and to clarify the
pathogenesis of low HDL to guide the development of effective prevention and treatment methods and to
promote human health.

Recent studies have found that microRNAs (miRNAs) are closely related to the regulation of human HDL
metabolism. miRNAs may be a potential target for the treatment of HDL metabolic disorders. Some
studies have reported that certain miRNAs are related to cholesterol metabolism, such as miR-33, miR-
370, miR-122, miR-335, and miR-143. At the cell and organismal level, more research has been performed
on miR-33. miR-33 regulates the HDL metabolic pathway by inhibiting the expression of the ABCA1 gene
[6]. Inhibiting miR-33 can increase the plasma HDL-C level by increasing the ABCA1 cholesterol reverse
transport pathway. However, the metabolic regulation of HDL is achieved not by a single gene encoding
miR-33 but by multiple genes.

Moreover, the miRNA screening in the above studies all started with the differential expression of miRNA
in cell models. However, in the real world, patients with clinical dyslipidemia are in a complex interaction
between internal and external factors, and miRNAs are not continuously and stably expressed. It shows a
certain chronology with disease or internal and external environment changes. Therefore, screening only
from cell models may lose some important information and omit miRNAs that are closely related to
clinical HDL metabolic abnormalities. Recently, with the deepening of serum/plasma miRNA research
[7,8], the research strategy of circulating miRNAs based on patients has become a reality. Based on the
circulating miRNA research strategy, we have performed miRNA screening related to HDL metabolism and
found that the difference in the expression of miR-638 between subjects with low HDL-C and subjects
with normal HDL-C was signi�cant. We also found that the target of mir-638 in regulating HDL
metabolism is due to steroid hormone synthesis of acute regulatory protein associated steroidogenic
acute regulatory protein-related lipid transfer domain 10 (StarD10) by Bioinformatics (http://www.
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targetscan.org/). Therefore, we focused on miR-638/StarD10 in this study and explored its relationship
with HDL metabolism through in vitro and in vivo experiments.

Results
Effects of miR-638 on the expression of genes related to lipid metabolism in HepG2 cells and
macrophages

To further explore the role of miR-638 in lipid metabolism, in this study, miR-638 mimics and inhibitors
were transfected into HepG2 cells and macrophages. Changing the concentration and treatment time can
effectively increase or decrease the content of miR-638 in cells (Figure 1). An RT² Pro�ler PCR Array chip
containing 84 key genes involved in lipoprotein transport and cholesterol metabolism was subsequently
employed to detect genes related to lipid metabolism in cells transfected with miR-638 mimics and
inhibitors. The level of expression was changed, and real-time PCR and Western blot analyses were
employed to further verify the chip results at the RNA and protein levels. The results showed the
following: 1) miR-638 mimics/inhibitors can signi�cantly increase/decrease the expression level of miR-
638 in HepG2 cells after transfection in HepG2 cells. After further repeated veri�cation, it was found that
transfection of miR-638 mimics can reduce ABCA1 and ABCG1 RNA and protein expression levels, while
transfection of miR-638 inhibitors can increase the expression levels of ABCA1 and ABCG1 RNA and
protein (Figure 2). 2) Transfection of miR-638 mimics into macrophages can signi�cantly increase
macrophage miR-638 expression levels. After further veri�cation, it was found that transfection of miR-
638 mimics can reduce the expression levels of ABCA1 and ABCG1 RNA and protein (Figure 3).

Effect of miR-638 on cholesterol e�ux in HepG2 cells and macrophages

Fluorescence labeled cholesterol (NBD-cholesterol) was used to evaluate the effect of mir-638 on the
cholesterol e�ux. HepG2 cells and macrophages were treated with miR-638 mimics and inhibitors and
miR-638 mimics/inhibitor negative controls, and cells were loaded with ox-LDL at 100 µg/mL and
incubated with NBD-cholesterol. Cholesterol e�ux was induced by ApoAI-induced e�ux �uid, HDL-
induced e�ux �uid, and standard serum-induced e�ux �uid. In HepG2 cells, miR-638 mimics was
observed to inhibit ABCA1-mediated cholesterol out�ow to ApoAI and ABCG1-mediated cholesterol
out�ow to HDL, while miR-638 inhibitors was determined to promote ABCA1-mediated cholesterol out�ow
to ApoAI and ABCG1-mediated cholesterol out�ow to HDL (Figure 4). Also, miR-638 mimics was able to
inhibit ABCA1-mediated cholesterol e�ux to ApoAI in macrophages (Figure 5).

Study on the relationship between miR-638 and STARD10

The Luc/R-Luc expression in 3′UTR STARD10-WT +miR-638 mimics group and 3′UTR STARD10-MUT +
miR-638 mimics group was lower than normal control group (respectively P<0.001 and P=0.03). The
Luc/R-Luc expression in 3′UTR STARD10-WT +miR-638 mimics group was lower than 3′UTR STARD10-
MUT + miR-638 mimics group (P=0.013) (Figure 6). After 24 hours intervened in human HepG2 cells,
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compared with the control group, the expression of STARD10 protein decreased in miR-638 mimic group
(P=0.004), and increased in miR-638 inhibitor group (P=0.008) (Figure 6).

Effect of StarD10 on blood lipids in mice

We further studied in vivo. Since there is no mir-638 in mice, StarD10, its downstream target, was selected
as the research object. Four weeks after the tail vein injection of the adenovirus-packaged StarD10 vector,
the blood lipid levels of the mice changed signi�cantly. Compared with the baseline group, the PBS
control group, and the adenovirus control group, the plasma TC and LDL-C in the StarD10 inhibitor group
decreased slightly (Table 1), and the HDL3-C/HDL-C ratio increased (Table 2).

Effects of StarD10 on cholesterol reverse transport in mice

By measuring the percentage of 3H-cholesterol in the serum, liver and feces of mice as a percentage of
total 3H-cholesterol injected intraperitoneally, reverse cholesterol transport was evaluated in vivo. After the
mice were successfully modeled, the plasma 3H-cholesterol distribution of mice in each group at 6 h, 24
h, and 48 h after intraperitoneal injection of isotope-labeled RAW264.7 cells was determined, as shown in
Table 3. Six and 24 h after injection of isotope-labeled cells, the serum 3H-cholesterol content of mice in
each group increased slightly; 48 h after injection of isotope-labeled cells, the serum 3H-cholesterol
content in the mice of each group increased signi�cantly. Compared with the adenovirus control group,
the serum 3H-cholesterol content of the StarD10 inhibitor group exhibited no signi�cant differences at 6 h
and 24 h; compared with the adenovirus control group, the serum 3H-cholesterol content of the StarD10
inhibitor group increased by 62.86% (P < 0.01) at 48 h, and there were no signi�cant differences among
the StarD10 mimic group, the PBS control group and the adenovirus control group (Figure 7).

The amount of 3H-cholesterol remaining in the liver 48 h after the injection of 3H-cholesterol-labeled
macrophages into mice, as well as the content of 3H-cholesterol in the feces collected within 48 h (as a
percentage of the total 3H-cholesterol injected), were determined experimentally (Table 4). Compared with
the adenovirus control group, the residual 3H-cholesterol content in the liver of the StarD10 inhibitor group
increased by 30.73% (P < 0.01). There was no signi�cant difference between the StarD10 mimic group
and the adenovirus control group (Figure 7); 3H-cholesterol excretion increased by 52.72% in two days (P
< 0.01). Also, there was no signi�cant difference between the mice in the StarD10 mimics group and the
adenovirus control group, as shown in Figure 7.

Effect of StarD10 on liver metabolism-related proteins in mice

ABCA1 protein expression in liver tissues of the PBS control group, the adenovirus control group, the
StarD10 inhibitor group and the StarD10 mimic group were 0.724 ± 0.016, 1.079 ± 0.037, 1.501 ± 0.030,
and 1.047 ± 0.030, respectively. The expression of ABCA1 protein in the StarD10 inhibitor group was
signi�cantly higher than that in the other groups, (P < 0.01) (Figure 8). There were no signi�cant
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differences in ABCA1 protein expression among the PBS control group, the adenovirus control group and
the StarD10 mimic group.

The levels of ABCG1 protein expression in the PBS control group, the adenovirus control group, the
StarD10 inhibitor group and the StarD10 mimic group in liver tissue were 0.319 ± 0.012, 0.466 ± 0.021,
1.157 ± 0.03, and 0.671 ± 0.03, respectively. The expression of ABCG1 protein in the StarD10 inhibitor
group was signi�cantly higher than that in the other groups (P < 0.01) (Figure 8). There were no
signi�cant differences in ABCA1 protein expression among the PBS control group, the adenovirus control
group and the StarD10 mimic group.

Effect of StarD10 on aortic plaque in mice

The ratio of the plaque area to the lumen area in the StarD10 inhibitor group was slightly lower than that
in the adenovirus control group, and no signi�cant difference was observed (P > 0.05) (Figure 8). The
StarD10 inhibitor group had a signi�cantly lower lipid content in plaques than did the adenovirus control
group (P < 0.01), and the macrophage content in plaques was signi�cantly lower than that in the virus
control group (P < 0.01) (Figure 9). The lipid content in the plaques of the StarD10-silenced mice was not
signi�cantly different from that of the adenovirus control group, and the macrophage content in the
plaque was slightly higher than that of the adenovirus control group (P = 0.035) (Figure 9).

Discussion
miRNA is a type of evolutionarily conserved non-coding small RNA, which is transcribed from intergenic
regions, introns, and exon regions encoding proteins, and has the function of regulating gene expression
at the translation level[9]. Recent studies have found that miRNAs are closely related to a variety of
cardiovascular diseases in humans [10]. With the gradual understanding of miRNA, its regulatory effect
on HDL metabolism has also been gradually con�rmed. miRNA may become a potential therapeutic
target for regulating HDL metabolic disorders and other diseases. This topic mainly starts with the
differential expression of human plasma miRNA, and screens circulating miR-638 related to HDL
metabolism in hemorrhagic plasma through miRNA chip technology. Through bioinformatics target
prediction and cell experiments, it is con�rmed that the steroid hormone synthesis acute regulatory
protein-related lipid transport domain protein 10 (STARD10) is the target gene of miR-638. It provides a
research basis for further exploring the effect of miR-638 on the expression of lipid metabolism related
genes.

In cell experiment, we found that miR-638 could affect the expression of lipid metabolism related genes in
HepG2 cells and macrophages. Transfection of miR-638 mimic in HepG2 cells and macrophages
signi�cantly increased the expression level of miR-638 in HepG2 cells and macrophages, and
signi�cantly decreased the expression level of miR-638 in HepG2 cells after transfection with miR-638
inhibitor. Results showed that transfected miR-638 Mimics in HepG2 cells and macrophages could reduce
the RNA and protein expression levels of ATP-binding cassette A-1 (ABCA1), ATP-binding cassette G-1
(ABCG1), and transfected miR-638 Inhibitors in HepG2 cells could increase the RNA and protein
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expression levels of ABCA1 and ABCG1. In animal experiments, adenovirus packaging StarD10
Mimics/inhibitor can be transfected into LDLr-/- mouse liver; StarD10 Mimics is a favorable factor for
mouse lipid metabolism, which can promote reverse cholesterol transport through ABCA1, ABCG1,
increase the ratio of HDL3-C/HDL, and can improve the lipid content in mouse aortic plaque and reduce
in�ammation in the plaque. 

Previous studies on miRNA and lipid metabolism (especially HDL metabolism) have been
published[11,12]. miR-33 is the most deeply studied miRNA related to HDL metabolism[13]. The
intracellular miR-33 genes include miR-33a and miR-33b. miR-33 regulates HDL metabolism by inhibiting
the expression of ABCA1 gene[14-16]. Overexpression of miR-33a in cells can inhibit the expression of
ABCA1 gene and protein, whereas inhibition of intracellular miR-33a level can promote the expression of
ABCA1 gene and protein. miR-33b is only present in human SREBP-1 genes and plays a more important
role in triglyceride synthesis and metabolism[17,18]. Animal experiments showed that after miR-33 was
inhibited, the expression of ABCA1 gene and protein in liver was up-regulated, and the plasma HDL-C level
was increased by 40%. In addition, inhibition of miR-33 expression in mice can also increase the
expression of ABCA1 in macrophages of atherosclerotic plaque and accelerate the clearance of
cholesterol in plaque macrophages, thus promoting the regression of atherosclerotic plaque. Inhibiting
the expression of miR-33a and miR-33b in African green monkey can also up regulate the expression of
ABCA1 gene and protein in liver, thus further promoting the plasma HDL-C level of African green
monkey[19]. In addition, mir-370, MiR-27, miR-335, miR-143, mir-122[20-29] were also found to be related
to lipid metabolism. The miRNA screening in the above research starts from the differential expression of
miRNA in cell model. However, in the real world, patients with clinical dyslipidemia are in complex internal
and external interaction, and miRNA is not expressed stably, but is in a certain time sequence with the
changes of disease or internal and external environment. Therefore, screening from cell model may lose
some important information and miss miRNA closely related to clinical HDL metabolic abnormality. In
recent years, with the further research of serum/plasma miRNA [7,8], the research strategy of circulating
miRNAs based on patients has become a reality. Based on the circulating miRNA research strategy, we
have performed miRNA screening related to HDL metabolism and found that the difference in the
expression of miR-638 between subjects with low HDL-C and subjects with normal HDL-C was signi�cant.
At present, most of the studies on mir638 are focused on breast cancer[30], but few studies on mir638
and lipid metabolism[31]. miR638 We also found that the target of mir-638 in regulating HDL metabolism
is due to steroid hormone synthesis of acute regulatory protein associated steroidogenic acute regulatory
protein-related lipid transfer domain 10 (StarD10) by Bioinformatics (http://www. targetscan.org/).
Therefore, we focused on miR-638/StarD10 in this study and explored its relationship with HDL
metabolism through in vitro and in vivo experiments.

Adenosine triphosphate binding cassette transporter A1(ABCA1) located in the basement membrane of
cells can transport intracellular cholesterol to extracellular apoA  and form pre-β-HDL, this is the �rst step
in synthesizing HDL. ABCA1 is a transmembrane transporter, which is composed of two interconnected
functional units. Each functional unit contains a transmembrane domain and an intracellular adenosine
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triphosphate (ATP) binding domain, which provides energy for transmembrane transport by binding with
intracellular ATP[32-35]. As an important molecule involved in HDL synthesis, ABCA1 mutation at gene
level can lead to a familial high-density lipoprotein de�ciency syndrome called Tangier disease, which is
characterized by complete loss of HDL in plasma and severe lipid metabolism disorder[33-35]. In addition
to ABCA1, ATP binding cassette transporter G1 (ABCG1) also plays an important role in HDL metabolism.
In vitro, ABCG1 and ABCA1 could synergistically mediate cholesterol e�ux to HDL. The lack of both
ABCA1 and ABCG1 in mice will cause a large number of macrophage-derived foam cells to accumulate in
the spleen, heart, lymph nodes, liver and lungs[36-39]. This study con�rmed that ABCA1 and ABCG1 play
an important role in HDL metabolism at the level of cell and animal experiments.

The initial hypothesis that increasing total HDL-C levels might reduce cardiovascular events in patients
with coronary heart disease was largely based on primary prevention observational studies in which
increasing HDL-C levels reduced coronary heart disease risk. However, recent studies have shown that
elevated HDL-C alone does not reduce the risk of adverse events in patients with coronary heart disease.
Such studies as ILLUMINATE[40], dal-OUTCOMES[41], and HPS2-THRIVE [42], which evaluated elevated
HDL-C for the treatment of acute coronary syndromes or atherosclerotic diseases, have found that
despite signi�cant increases in HDL-C, HDL-C failed to achieve clinical bene�ts. Previous studies have
divided HDL into different subclasses based on differences in shape, size, density, and function[43].
HDL2 and HDL3 are the main subclasses of HDL in normal human plasma. The clinical functions and
metabolism of different subclasses are different. Compared with HDL2-C, HDL3-C has a higher density
and smaller particles, accounting for 78% of the total HDL-C. HDL2 and HDL3 have different anti-
atherosclerotic mechanisms. Changes in the HDL2/HDL3 ratio can cause changes in the risk of
atherosclerotic diseases, but this possibility is controversial. Some studies suggest that HDL2 mediates
cholesterol out�ow through the ABCA1, ABCG1, and SR-BI pathways[44-46] and thus plays an important
role in reverse cholesterol transport. These views suggest that HDL2 is more anti-atherosclerotic than
HDL3. In contrast, HDL3 has higher anti-in�ammatory and antioxidant effects than HDL2[47,48]. A recent
article published in the European Journal of Cardiology suggested that HDL3 has higher levels of
antioxidant proteins (such as serum paraoxonase/aryl esterases 1 and 3) and can inhibit low-density
lipoprotein oxidation compared to HDL2. An increased risk of myocardial infarction or death is
associated with low levels of HDL3-C but not with low levels of HDL2-C[49]. The comprehensive lipid and
RCT results indicate that StarD10 can play an anti-atherosclerotic role by increasing the HDL3-C/HDL-C
ratio and promoting the cholesterol reverse transport pathway.

As a class of small noncoding single-stranded RNAs, miRNAs can play an important role in regulating
gene expression. Not only can miRNAs be regulated at the posttranscriptional level, but they can also
change the transduction of cell signals[50-60]. Therefore, miRNAs can be potential therapeutic targets,
and more miRNAs involved in regulating lipid metabolism-related pathways will be identi�ed in future
research. Although research on these miRNAs faces many challenges, they have good development
prospects. Identifying miRNAs and their corresponding target genes related to lipid metabolism,
regulating the expression of these miRNAs, and modifying their structures may facilitate the treatment of
lipid metabolism disorders. This project may also continue to explore the results of lipid metabolism-
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related gene chips transfected with miR-638/StarD10 mimics and inhibitors and further study the effect
of miR-638/StarD10 on lipid metabolism.

Experimental Method
Cell experiment part:

In HepG2 cells: According to the pre-experiment results, the concentration of miR-638 Mimics was
selected as M3 (20nM), and the concentration of miR-638 Inhibitors was selected as I3 (100nM). MiR-638
Mimics/ Inhibitors Negative Control transfection was performed using the same treatment concentration
and time. After transfection, RNA was extracted from HepG2 cells and detected by Real-time PCR chip.
The human lipoprotein signal and cholesterol metabolism RT² Pro�ler ™ PCR Array chip contains 84 key
genes involved in lipoprotein transport and cholesterol metabolism. Detection of RNA concentration and
purity of each group: According to the ratio of OD260 / OD280, determine whether the purity of the
extracted RNA meets the requirements. The OD260 / OD280 of good-purity RNA should be between 1.7-
2.0. 1% RNA agarose gel electrophoresis can be used to check the integrity of the extracted RNA and
whether it is contaminated by protein or DNA. Further veri�cation: According to the pre-experiment results,
the concentration of miR-638 Mimics was selected as M3 (20nM), the concentration of miR-638 Inhibitors
was selected as I3 (100nM), and the processing time was selected for 48 hours. MiR-638
Mimics/Inhibitors Negative Control transfection was performed using the same treatment concentration
and time. After transfection, RNA was extracted from HepG2 cells, and real-time PCR (Real-time PCR) was
performed. After transfection, HepG2 cell proteins were extracted for Western blot.

Effect of miR-638 on cholesterol e�ux in HepG2 cells: According to the pre-experiment results, the
concentration of miR-638 Mimics was selected as M3 (20nM), the concentration of miR-638 Inhibitors
was selected as I3 (100nM), and the treatment time was selected for 48 hours. MiR-638 Mimics /
Inhibitors Negative Control transfection was performed using the same treatment concentration and time.
Discard the old culture medium, add autoclaved 1 × PBS to wash the cells 2-3 times and aspirate. HepG2
cells were starved for 8 hours in serum-free medium. Discard the old culture solution, add autoclaved 1 ×
PBS to wash the cells 2-3 times and aspirate. Replace the DMEM + 10% FBS complete culture solution
with a concentration of 100µg / mL ox-LDL, and place it in a carbon dioxide cell incubator at 37ºC, 5%
CO2, and 95% relative humidity for 24 hours. Add 100 μM scavenger receptor SR-BI inhibitor BLT-1 to the
cells using HDL-induced e�uent and incubate the cells for 2 hours. Add autoclaved 1 × PBS to wash the
cells 2-3 times and aspirate. A 5 μM NBD-cholesterol incubation solution was prepared with DMEM
culture solution, and HepG2 cells were incubated at 37 ºC for 4 hours. The incubation solution was
discarded, and the cells were washed with autoclaved 1 × PBS for 2-3 times and sucked. HepG2 cells
were incubated with ApoAI (25 µg / mL), HDL (50 µg / mL), and standard serum-induced e�uent at 37 ºC
for 4 hours. After incubation, the induced e�uent was collected, centrifuged (4 ºC, 12000g, 15 minutes),
cell debris was removed, and an equal amount of e�uent was added to a black 96-well microtiter plate.
Cells were washed 3 times in autoclaved 1 × PBS and aspirated. Lyse cells with 0.1% Triton X-100 for 30
minutes and mix by pipetting. Collect the cell lysate into a sterile centrifuge tube, centrifuge (4 ºC, 12000g,
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10 minutes), collect the supernatant and add it to the black 96-well enzyme. The �uorescence intensity of
induced e�uent and cell lysate was measured using a �uorescence microplate reader. The excitation and
emission wavelengths were 469 nm and 537 nm, respectively. Cell NBD-cholesterol e�ux calculation
formula: Cholesterol e�ux rate = FI-induced e�ux / (FI-induced e�uent + FI cell lysate) × 100%

Macrophages: According to the pre-experiment results, the concentration of miR-638 Mimics was selected
as M3 (20nM), and the processing time was selected for 48 hours. The same treatment concentration
and time were used for miR-638 Mimics Negative Control transfection. RNA from transfection
macrophages was extracted and examined by Real-time PCR chip. Human lipoprotein signal and
cholesterol metabolism RT² Pro�ler PCR Array chip contains 84 key genes involved in lipoprotein
transport and cholesterol metabolism. Determine whether the purity of the extracted RNA meets the
requirements according to the ratio of OD260 / OD280. The OD260 / OD280 of good-purity RNA should
be between 1.7-2.0. 1% RNA agarose gel electrophoresis can be used to check the integrity of the
extracted RNA and whether it is contaminated by protein or DNA. Further veri�cation: According to the
pre-experiment results, the concentration of miR-638 Mimics was selected as M3 (20nM), and the
processing time was selected as 48 hours. The same treatment concentration and time were used for
miR-638 Mimics Negative Control transfection. After transfection, RNA was extracted from macrophages
cells, and real-time PCR (Real-time PCR) was performed. After transfection, macrophages cell proteins
were extracted for Western blot.

Effect of miR-638 on cholesterol e�ux in macrophages: According to the pre-experiment results, the
concentration of miR-638 Mimics was selected as M3 (20nM), and the treatment time was selected for 48
hours. The same treatment concentration and time were used for miR-638 Mimics Negative Control
transfection. Macrophage NBD-cholesterol e�ux assay: Discard the old culture solution, add autoclaved
1 × PBS to wash the cells 2-3 times and aspirate. Macrophages were starved for 8 hours in serum-free
medium. Discard the old culture solution, add autoclaved 1 × PBS to wash the cells 2-3 times and
aspirate. Replace the DMEM + 10% FBS complete culture solution with a concentration of 100µg / mL ox-
LDL, and place it in a carbon dioxide cell incubator at 37 ºC, 5% CO2, and 95% relative humidity for 24
hours. Add 100 μM scavenger receptor SR-BI inhibitor BLT-1 to the cells using HDL-induced e�uent and
incubate the cells for 2 hours. Add autoclaved 1 × PBS to wash the cells 2-3 times and aspirate. The NBD-
cholesterol incubation solution with a concentration of 5 μM was prepared in DMEM culture medium.
After incubating HepG2 cells at 37 ºC for 4 hours, the incubation solution was discarded, and the cells
were washed with autoclaved 1 × PBS for 2-3 times and sucked. Cells were incubated with ApoAI (25 µg /
mL), HDL (50 µg / mL), and standard serum-induced e�uent at 37 ºC for 4 hours. After incubation, the
induced e�uent was collected, centrifuged (4 ºC, 12000g, 15 minutes), cell debris was removed, and an
equal amount of e�uent was added to a black 96-well microtiter plate. Cells were washed 3 times in
autoclaved 1 × PBS and aspirated. Lyse cells with 0.1% Triton X-100 for 30 minutes and mix by pipetting.
Collect the cell lysate into a sterile centrifuge tube, centrifuge (4 ºC, 12000g, 10 minutes), collect the
supernatant and add it to the black 96-well enzyme. The �uorescence intensity of induced e�uent and
cell lysate was measured using a �uorescence microplate reader. The excitation and emission



Page 11/26

wavelengths were 469 nm and 537 nm, respectively. Cell NBD-cholesterol e�ux calculation formula:
Cholesterol e�ux rate = FI-induced e�ux / (FI-induced e�uent + FI cell lysate) × 100%

The 3UTR(STARD10) sequence was ampli�ed using human cDNA as a template and was inserted
downstream of the luciferase reporter gene in the pMIR-REPORT luciferase vector. If the addition of miR-
638 to the 3UTR(STARD10) sequence affects luciferase expression, the binding site of miR-638 can be
con�rmed by detecting luciferase expression. A plasmid vector was constructed to detect
3UTR(STARD10) activity. The 3UTR(STARD10mut) sequence was ampli�ed using H2183 as a template
and was inserted downstream of the luciferase reporter gene in the pMIR-REPORT luciferase vector. If the
addition of miR-638 to the 3UTR(STARD10mut) sequence affects luciferase expression, the binding site
of miR-638 can be con�rmed by detecting luciferase expression. Plasmid vectors were constructed to
detect 3UTR(STARD10mut) activity. They were divided into four groups: wild-type 3'UTR of STARD10 +
control; wild-type 3'UTR of STARD10 + miR-638 mimics; mutant 3’UTR of STARD10 + control; mutant
3’UTR of STARD10 + miR-638 mimics. The intergroup differences in Luc/R-Luc values were detected by a
dual-luciferase reporter assay system to investigate whether the binding of miR-638 and STARD10 is
speci�c. HepG2 cells were transfected with the miR-638 mimics, miR-638 inhibitor, or control to determine
the changes in STARD10 expression at the protein level.

Animal experiment

Mice: All mice passed the 1-week adaptation period under the same conditions. Then began a high-fat
diet (containing 21% fat and 0.3% cholesterol). The high-fat diet continued for 28 weeks, and then
changed to a normal diet. Subsequently, a completely randomized group design was adopted, and mice
were divided into 5 groups of 7 mice each, which were treated as follows: baseline group (n = 7), high-fat
diet for 28 weeks; PBS control group (n = 7), High-fat diet was fed for 28 weeks, and then changed to
ordinary diet, and PBS was injected into the tail vein; Adenovirus control group (n = 7), high-fat diet was
fed for 28 weeks, and then changed to ordinary diet, and adenovirus was injected into the tail vein;
StarD10 inhibitors group (n = 7), fed on a high-fat diet for 28 weeks, and then changed to ordinary diet
feeding, tail vein injection of lentiviral packaging StarD10 inhibitors vector; StarD10 mimics group (n = 7),
high-fat diet fed 28. After that, the mice were switched to the normal diet, and the tail vein was injected
with lentiviral packaging StarD10 mimics vector. After 4 weeks, the mice were taken off the eyeballs to
measure blood lipids.

Determination of blood lipids: The mice were taken out of the eyeballs to take blood, left to stand,
centrifuged (3000 rpm, 20 min), and the supernatant was stored at -80ºC. TG, TC, HDL-C, LDL-C levels
and HDL subclasses were detected by Hitachi 7180 automatic analyzer.

Cholesterol reverse transport assay: 3H-cholesterol-labeled macrophages were injected into the
abdominal cavity of mice, and the RCT e�ciency of the mice was evaluated by measuring the percentage
of 3H radioactivity in the total injection activity in serum, liver, and feces. Before macrophages were
injected into mice, incubate 3H-cholesterol with acetylated low-density lipoprotein (Ac-LDL) for 30 minutes
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to ensure effective binding of 3H-cholesterol and Ac-LDL. It is also necessary to ensure that the proportion
of 3H-cholesterol counts in macrophages is greater than 95%. The mice with successful model were
injected intraperitoneally with the above suspension, 0.5mL/head, and caged separately for 48h. Blood
treatment: Blood was collected from the internal iliac vein 6h, 24h, and 48h after injection of the cell
suspension; 12000 r/mim, 10 min; Take 10 μ l plasma and add 5 ml of scintillation solution, and the
radioactivity was counted by a liquid scintillation counter; Analysis of total 3H radiation activity in mice
blood, and calculate the total blood radioactivity/total radioactivity ratio. Liver treatment: accurately
weigh 100 mg frozen liver tissue, homogenize, extract, add n-hexane/isopropanol (3: 2) for extraction,
shake for 10 min, collect the supernatant, and vacuum dry; LSC: add scintillation solution 2mL, counting
radioactivity with liquid scintillation counter; Total 3H radioactivity of mouse liver was analyzed, and total
liver radioactivity/total radioactivity ratio was calculated. Feces disposal: Collect all feces of mice caged
for 0-48h, pick them up to EP tubes with tweezers; Dissolve feces: weigh, grind, add 50% ethanol to
dissolve feces (1g / 10mL), and mix thoroughly 1-2 min; Take 200 μL of the above fecal mixture, shake it
thoroughly with 10 mL of liquid scintillation liquid, and leave it overnight; shake the stool thoroughly
again the next day, and liquid scintillation counter to count the radioactivity of feces; and calculate the
total fecal radioactivity / total radioactivity ratio.

Western Blot analysis: liver tissue was washed with cold TBS 2-3 times to remove blood stains, cut into
small pieces and placed in a homogenizer. Add 10 volumes of tissue volume (add protease inhibitor
several minutes before use) and homogenize thoroughly on ice. Transfer the homogenate to a 1.5 ml
centrifuge tube , shake, ice bath for 30min. Repeat pipetting with a pipette to ensure complete cell lysis.
Centrifuge at 12,000 g for 5 min. Collect the supernatant to obtain the total protein solution. Protein
concentration was determined using a modi�ed Bradford method.

Effect of StarD10 on aortic plaque in mice: Collect mouse aortic specimens and observe the effect of
StarD10 gene inhibitors vector on the degree and properties of atherosclerosis: Representative aortic
sinus sections were selected, and HE staining was used to quantitatively determine the area of
atherosclerotic plaques before and after StarD10 expression vector intervention; oil red O staining was
used to measure lipid deposition; immunohistochemical staining was used to observe plaque stability
indicators: CD68 + giant Phage distribution.
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 Table 3 Changes of 3H-cholesterol distribution in serum of mice in each group (n=7 cpm%)
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3H
content

PBS control
group

Adenovirus control
group

StarD10 inhibitors
group

StarD10 mimics
group

6h
plasma

1.105 1.324 1.343 1.1737

 24h
plasma

2.929 3.052 3.555 2.8562

48h plasma     6.142       6.090         9.816**

**P<0.01

6.2587

           

 

Table4 Distribution of residual 3H-cholesterol in liver and feces of mice in each group (n = 7, cpm%)

    liver cpm% feces cpm%  

PBS control group 3.151 1.988  

Adenovirus control group 3.309 1.874  

StarD10 inhibitors group  4.326**  1.862**  

StarD10 mimics group 3.501 1.917  

**P<0.01

Figures
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Figure 1

Relative expression of mir-638 in HepG2/ macrophages cells treated with mir-638 Mimics / inhibitors
(n=3). a: Relative expression of miR-638 in each group after treatment of HepG2 cells with different
concentrations of miR-638 Mimics (n=3); b: Relative expression of miR-638 in each group after treatment
of HepG2 cells with different concentrations of miR-638 inhibitors (n=3); c: mir-638 Mimics in HepG2; d:
mir-638 inhibitors in HepG2; e: Relative expression of miR-638 in each group after treatment of
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macrophages cells with different concentrations of miR-638 Mimics (n= 3); f:mir-638 Mimics in
macrophages

Figure 2

changes of ABCA1 and ABCG1 RNA / protein level after mir-638 mimics / inhibitors transfection into
HepG2 cells (n=3). a: ABCA1 RNA level in HepG2 cells; b: ABCA1 protein level in HepG2 cells; c: ABCG1
RNA level in HepG2 cells; d: ABCA1 protein level in HepG2 cells protein
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Figure 3

changes of ABCA1 and ABCG1 RNA / protein level after mir-638 mimics / inhibitors transfection into
macrophages cells (n=3). a: ABCA1 RNA level in macrophages cells; b: ABCA1 protein level in
macrophages cells; c: ABCG1 RNA level in macrophages cells; d: ABCA1 protein level in macrophages
cells protein



Page 22/26

Figure 4

NBD cholesterol out�ow rate of HepG2 cells transfected with mir-638 mimics / inhibitors (n = 3)

Figure 5

NBD cholesterol out�ow rate of macrophages cells transfected with mir-638 mimics (n = 3)
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Figure 6

a: miR-638 combined with STARD10 speci�cally, after mutation of this binding site, the regulatory
relationship between mir-638 and StarD10 becomes weaker. b: Over expression of miR-638
downregulated the expression of STARD10 protein, and inhibition of miR-638 upregulated the expression
of STARD10 protein.
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Figure 7

a: Distribution of serum 3H-cholesterol at 6h, 24h and 48h in each group of mice(n = 7, cpm%), ** P <0.01;
b: Distribution of liver 3H-cholesterol at 48h in each group of mice (n = 7, cpm%), ** P <0.01; c: 3H-
cholesterol distribution in mice at and 48h (n = 7, cpm%), ** P <0.01

Figure 8
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a: ABCA1 protein expression in liver tissue (n=7). The �gure above shows the electrophoresis of ABCA1
protein in liver tissue. The �gure below is a semi-quantitative analysis of ABCA1 protein expression. ** P
<0.01; b: ABCG1 protein expression in liver tissue (n=7). The �gure above shows the electrophoresis of
ABCG1 protein in liver tissue. The �gure below is a semi-quantitative analysis of ABCG1 protein
expression. ** P <0.01.

Figure 9
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a: Representative hematoxylin- and eosin-stained aortic sinus sections from StarD10 inhibitors group and
StarD10 mimics group(Original magni�cation: ×40); b:Oil red O staining for neutral lipids. Original
magni�cation: ×40 (top images); ×200 (bottom images); c: immunohistochemical staining for the
macrophage marker CD68. Original magni�cation: ×40 (top images); ×200 (bottom images).


