High glucose aggravates lipid deposition in
glomerular endothelial cells by
LXRs/LncRNAOR13C9/ABCA1 pathway
Shumin Xiao
Tianjin Medical University Hospital for Metabolic Diseases
Yao Wang
Tianjin Medical University Hospital for Metabolic Diseases
Saijun Zhou
Tianjin Medical University Hospital for Metabolic Diseases
Rui Zhang
Tianjin Medical University Hospital for Metabolic Diseases
Hongyan Liu
Tianjin Medical University Hospital for Metabolic Diseases
Yao Lin
Tianjin Medical University Hospital for Metabolic Diseases
Pei Yu (  yupei@tmu.edu.cn )
Tianjin Medical University Hospital for Metabolic Diseases https://orcid.org/0000-0001-7992-0480

Research
Keywords: diabetic nephropathy, lipotoxicity, ABCA1, LncRNAOR13C9
Posted Date: March 19th, 2020
DOI: https://doi.org/10.21203/rs.3.rs-17912/v1
License:   This work is licensed under a Creative Commons Attribution 4.0 International License.
Read Full License

Page 1/20

Abstract
Background Lipid metabolism disorder is closely related to diabetic nephropathy (DN), but the
mechanism remains unclear. The aim of this study was to investigate the effect of high glucose on
intracellular accumulation of lipids and to clarify the possible mechanism.
Methods We found that in human glomerular endothelial cells (GEnCs), cholesterol could reduce cell
activity, lead to abnormal lipid deposition in cells and high glucose can aggravate lipid deposition under
high cholesterol load.
Results CCK8 showed that soluble cholesterol could reduce GEnCs cells activity. Oil red O staining and
cholesterol quantification experiment showed that the intracellular lipid deposition did not obvious after
the intervention of high glucose (HG), but the intracellular lipid deposition increased under HG combined
with high cholesterol (HC). The results of RT-qPCR,WB and immunofluorescence experiment showed the
expression of ABCA1 in HC group increased significantly. However, compared with the HC group, the
expression of ABCA1in the HG and HC group were decreased. And then we found HG affected ABCA1 upregulation by LXRs. Based on Gene Microarray, we found that LXRs regulation of ABCA1 transcription
requires the involvement of LncRNAOR13C9.
Conclusions HG could enhance intracellular lipid deposition by interfering with cellular response to HC to
up-regulate the expression of ABCA1, and HG blocked the expression of ABCA1 by down-regulating LXRs,
and LncRNAOR13C9 also played an important role in this process. It further elucidate the pathogenesis of
DN and provide a new target for the prevention and treatment of DN.

Background
Diabetic nephropathy (DN) is one of the most common and serious microvascular complications of
diabetes [1]. According to the epidemiological survey, it is expected that the number of global diabetes
patients will reach 642 million by 2020 [1, 2]. Due to the increasing number of diabetic patients, DN has
become the most common cause of end-stage nephropathy [2]. The pathogenesis of DN is complex. At
present, there are many theories about the pathogenesis of DN, but the specific mechanism is still
unclear.
Lipid metabolism is closely related to glucose metabolism. Since the theory of lipid toxicity was
proposed, there have been many studies on lipid toxicity and diabetes. Previous studies have found that
lipid toxicity may be involved in the occurrence of non-alcoholic fatty liver disease, islet cell dysfunction,
and the occurrence and development of diabetic macrovascular and microvascular complications [3–5].
As early as in the 1930s, some scholars discovered the existence of adipose deposition in the kidney
tissue of DN patients after autopsy [6, 7]. These studies indicated that the damage effect of lipid toxicity
on renal cells played an accelerating role in the progression of DN and chronic renal failure, but the
specific mechanism was not clear.
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ATP binding box transporter A1 (ABCA1) is one of the channel proteins that mediate intracellular
cholesterol efflux and plays an important role in maintaining phospholipid homeostasis [8, 9].
Overexpression of ABCA1 in mice can significantly increase the content of plasma cholesterol, and when
the ABCA1 gene is knocked out, the plasma cholesterol is significantly decreased [9–11]. ABCA1 is highly
expressed in liver, kidneys and other organs and tissues. Studies have found that it plays an important
role in the outflow of cholesterol from renal cells, and its expression is decreased in diabetes and highglucose environment [12]. Liver X receptors (LXRs) can regulate a variety of physiological activities in the
body, and play an important role in regulating lipid metabolism, glucose metabolism and other processes
[13]. ABCA1 is the most important target gene for LXRs to regulate cholesterol metabolism. LXRs
regulates transcription of ABCA1 by binding to the LXR response elements (LXRE) in the region of ABCA1
promoter, and regulates the intracellular cholesterol outflow [13].
As we know, the annotation of sequencing results showed that less than 2% of the human genome was
protein-coding genes, and most of the rest were non-coding genes, which produced a large number of
non-coding transcripts, including cirRNAs, microRNAs and LncRNAs, etc. [14–16]. Currently, thousands of
LncRNAs have been found, and a small part of the mechanism has been elucidated. However, LncRNAs
have diverse mechanisms of action, and most of them still need to be further explored [17].There have
been many reports showed that many LncRNAs are involved in the occurrence and development of
diabetes and the regulation of lipid metabolism, with different mechanisms [18, 19].
Based on the above description, it is helpful to clarify the pathogenesis of DN by exploring the expression
of ABCA1 at different glucose and lipid concentrations and its regulatory mechanism. Therefore, this
study established a high-lipid environment in human glomerular endothelial cells (GEnCs), through the
intervention of water-soluble cholesterol, and further explored the specific regulatory mechanism of
ABCA1 by detecting the expression of ABCA1 under different glucose and cholesterol concentrations, so
as to search for the pathogenesis of DN at the level of gene regulation.

Materials And Methods

Cell culture
GEnCs were cultured in endothelial cell medium (ECM) supplemented with endothelial cell growth factors,
5% FBS, and 1% penicillin/streptomycin. GEnCs were maintained in a humidified incubator containing 5%
CO 2 at 37 °C. Cells were divided into Control Group (ECM with low glucose (LG), 5.6 mmol/L),High
Glucose Group (ECM with high glucose (HG), 25 mmol/L), High Cholesterol Group (ECM with high
cholesterol (HC),400ug/mL), and High Cholesterol with High Glucose Group (HG + HC),25 mmol/L +
400ug/mL).

Reagents
ABCA1, SREBP2, FXR antibodies were purchased from Abcam (US), LXR antibody was purchased from
ABclonal (Wuhan, China). Anti–β-actin was purchased from proteintech (Wuhan, China). LipofectaminePage 3/20

2000 was purchased from Thermo Fisher Scientific (Waltham, MA, USA).

Cell transfection
Oligonucleotide were performed with Lipofectamine-2000 according to the manufacturer’s protocol.
Briefly, cells were seeded in plates the day before transfection to ensure a suitable cell confluent on the
day of transfection. For oligonucleotides, 50 nM of short interfering RNA (siRNA) or its negative control
RNA(si-NC) (GenePharma, Shanghai, China) was used.

Quantitative RT-PCR
Total RNA was extracted from cells using the Trizol reagent (Invitrogen, Waltham, USA), and 0.5 mg RNA
of each sample was reverse-transcribed to cDNA with a Reverse Transcription Kit (Takara, Beijing, China).
qRT-PCR reactions were carried out using the SYBR Green Master (Takara, Beijing, China) with CFX96 real
time PCR detection system (Bio-Rad, USA). Each reaction was carried out in triplicate, and the qRT-PCR
results were calculated using the 2−ΔΔCt method.

Measurement with the Cell Counting Kit-8 (CCK-8)
CCK-8 (Solarbio, Beijing, China) was used to assess cell viability. GEnCs were exposed to various
concentrations of cholesterol (200, 400, 600 and 800 µg/ml), with or without 25 mmol/L glucose for 24 h.
After replacing the ECM, 10 µl of CCK-8 reagent was added, and the 96-well plate was incubated in the
dark at 37℃ for 1–4 h. The absorbance was measured at 450 nm in a microplate reader (Tecan). All the
experiments were repeated three times.

Cholesterol quantification experiment
For intracellular cholesterol measurement, GEnCs were digested with trypsin, the supernatant was
discarded after 1000RPM, centrifugation for 10 min. The cells precipitation was cleaned using isosmotic
solution before centrifugation again. Then add 0.2–0.3 ml normal saline into cells precipitation, and
ultrasonic crushing under ice bath. The cells precipitation was dissolved in 200 µl of cholesterol assay
buffer. Then reaction mixtures were incubated at 37℃ for 10 min. Then the absorbance of extraction was
measured at 510 nm in a microplate reader.

Oil red O staining
After treatment with cholesterol and glucose for 24 h, each group was rinsed in PBS, fixed in 4%
paraformaldehyde for 30 min, stained in freshly diluted oil red O (Solarbio, Beijing, China) for 15 min,
decolorized in 70% ethanol solution for 15sec, re-dyed in haematoxylin staining solution for 30sec and
rinsed in PBS twice. Then, the intracellular lipid droplets were observed and photographed with an
inverted microscope.

Western blotting (WB)
Treated cells were lysed by RIPA Lysis Buffer (Beyotime, Shanghai, China), and the immunoblotting was
performed as previously described [30]. Briefly, the protein was separated in 8–10% SDS denatured
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polyacrylamide gel and then transferred onto a NC membrane. The membranes were blocked with 5%
skim milk and were incubated with appropriate antibodies at 4 °C overnight. Membranes were washed
and incubated with horse-radish peroxidase–conjugated secondary antibodies (1:3000; Sanjian, Tianjin,
China). The protein of interest was visualized using Immobilon Western Chemiluminescent HRP
Substrate (Thermo Fisher Scientific).

Fluorescence in situ hybridization (FISH)
The prepared cell samples were fixed with 5% formaldehyde for 25 min. Then, the cells were incubated
with LncRNAOR13C9 probe (GenePharma, Shanghai, China) at 42 °C overnight. After washing sample
with SSC solution, the nuclear of cells was stained with DAPI. The stained results were observed by using
a Confocal laser scanning microscope.

Microarray analysis
For RNA microarray analysis, total RNAs were extracted from GEnCs, and then used for RNA microarray
by using the Affymetrix Arrays (CapitalBio Corp).

Statistical analysis
SPSS software was used for statistical analysis of all data, and t test was used for data analysis and
comparison between the two groups. Data of the three groups and above were analyzed using One way
ANOVA, and ± s was used to represent the data. P < 0.05 meant the difference was statistically significant.

Results

Soluble cholesterol reduces GEnCs cells activity
In order to establish a suitable high-fat model in GEnCs, water-soluble cholesterol was used to simulate
the high-fat environment in vitro. We tested the cell activity under different cholesterol conditions through
CCK8, and the results showed that water-soluble cholesterol with 400 µg/ml at 24 h was suitable
cholesterol intervention condition. (Fig. 1A).

HG exacerbates intracellular lipid deposition under HC load
Oil red O staining is a commonly used experimental method to detect lipid content. We used oil red O
staining to observe whether cholesterol can cause intracellular lipid content increase. The staining results
showed that intracellular lipid deposition could be observed after cholesterol intervention, and the
intracellular lipid deposition increased with the increase of cholesterol concentration(Fig. 1B). At the
same time, we also used enzymatic method to detect the content of intracellular cholesterol, and the
measurement results showed the same result of oil red O staining, and the intracellular cholesterol
content increased with the increase of cholesterol intervention concentration (Fig. 1C).
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Furthermore, we wanted to clarify the effect of HG on the lipid deposition of cells. The results of oil red O
staining showed that the intracellular lipid deposition did not obvious after the intervention of HG
compared to normal control, but the intracellular lipid deposition increased under hypercholesterol
intervention compared with normal and HG group. And the intracellular lipid deposition significantly
increased under HG combined with hypercholesterol (Fig. 1D). The results of cholesterol quantification
were consistent with the results of oil red O staining (Fig. 1E). This suggested that HG may aggravate
intracellular lipid deposition under HC load.

HG interferes with the self-regulation of cells under HC load
by affecting ABCA1 and low-density lipoprotein receptor
(LDLR)
To explore the mechanism of HG increased GEnCs lipid deposition, we tested the expression of LDLR and
ABCA1 after GEnCs intervened with different concentration of glucose and cholesterol. The results
showed that there were no significant different between HG group and normal control group in the
expression of ABCA1mRNA and protein, the expression of ABCA1mRNA and protein in HC group
increased significantly compared with normal control group. However, compared with the HC group, the
expression of ABCA1mRNA (Fig. 2A) and protein(Fig. 2B) in the HG and HC group were decreased, and
the results of the cellular immunofluorescence experiment also showed the influence of glucose and
cholesterol on the expression of ABCA1(Fig. 2C). Furthermore, RT-qPCR and WB results showed that the
expression of LDLR was decreased under HG intervention and decreased under HC intervention.
Compared with the HC intervention group, the expression of LDLR in the HG and HC group was
significantly increased (Fig. 2D,E).

HG affects ABCA1 up-regulation by LXRs under HC load
In order to explore the mechanism of HG affecting the expression of ABCA1 under HC load, we examined
the expression of transcription factors that might regulate the transcription of ABCA1 under the
intervention of different glucose and cholesterol concentrations. We selected 5 possible transcription
factors according to previous literature reports. RT-qPCR results showed that the changes of LXR-α and
LXR-β under different glucose and cholesterol conditions were consistent with ABCA1, indicating that
LXRs may be a transcription factor regulating the expression of ABCA1 in GEnCs. The change of FXR was
also consistent with ABCA1, but the difference was not as obvious as LXRs. The change of SREBP2 was
opposite to that of ABCA1, which may be a negative regulator of ABCA1(Fig. 3A,B). Therefore, we selected
LXRs for further expreiment.
In order to verify whether LXRs is a transcription factor that regulates the transcription of ABCA1, we used
the agonist of LXRs (GW3965) to prove that LXRs can regulate the transcription of ABCA1 and upregulate its expression in GEnCs. We first used GW3965 at different concentrations to intervene cells at
12 h, 24 h and 48 h, respectively. RT-qPCR results showed that GW3965 with a concentration of
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0.5 mmol/L could significantly up-regulate the expression of ABCA1 after 12 h (Fig. 3C), and WB results
also showed that GW3965 could significantly increase the expression of ABCA1 protein (Fig. 3D). We
further explored whether LXRs agonists could alter the expression of ABCA1 induced by HG. The
experimental results showed that compared with the HC intervention group, the expression of ABCA1 in
the HG and HC group decreased significantly, but GW3965 increased the expression of ABCA1(Fig. 3E).

Analysis and validation of Gene Microarray results
Gene chip results showed that compared with the control group, the GW3965 intervention group had a
total of 2116 mRNAs with difference multiple (FC value) > 1.5, among which 1767 were up-regulated and
349 were down-regulated. There were 2,501 LncRNAs with FC value of > 1.5, among which 1,101 were upregulated and 1,400 were down-regulated. Our results were also confirmed by the junction of gene
microarray. (Fig. 4A,B).The increased expression of ABCA1 in the LXRs agonist intervention group
indicated that LXRs could promote the transcription of ABCA1 in GEnCs.
Previous research has found that LncRNAs can be adjusted by cis transcriptional regulation of nearby
genes expression, we want to further explore whether there are LXRs cis regulatory mechanism involved
in the process of regulation of ABCA1. So, according to the difference of LncRNAs next multiple selection
and location on chromosome, 5 candidate LncRNAs were identified for further experiment. RT-qPCR
results showed that LncRNAs-nonhsat133801 (LncRNAOR13C9) in the GW3965 intervention group was
significantly increased (Fig. 4C). We searched the long non-coding RNA database
(http://www.lncipedia.org) and found that LncRNAOR13C9 had no protein-coding function (Fig. 5A),
which was located on between 104843770–104844322 of chromosome 9. And then, the FISH results
showed that LncRNAOR13C9 is mainly distributed in the nucleus, which means that it is mainly
responsible for regulating transcription (Fig. 5B). Therefore, we selected LncRNAOR13C9 for the next
experiment.

LXRs regulation of ABCA1 transcription requires the
involvement of LncRNAs
Next, we explored the role of LncRNAOR13C9 in the regulation of ABCA1 transcription by LXRs. We used
siRNA to knock down the expression of LncRNAOR13C9, and RT-qPCR to verify the knockout efficiency of
LncRNAOR13C9. The results showed that siRNA-2 and siRNA-4 achieved knockout effect, and we
selected one of them for subsequent experiments (Fig. 5C). Then we treated cells with LncRNAOR13C9
siRNA and LXRs agonist (GW3965). The results showed that in the NC siRNA group, GW3965 could
significantly increase the expression of ABCA1, but when LncRNAOR13C9 was knocked down, GW3965
significantly decreased the ability to increase the transcription of ABCA1(Fig. 5D). LncRNAOR13C9 plays
an important role in the regulation of ABCA1 transcription by LXRs.

Discussion
Page 7/20

GEnCs are an important part of the glomerular filtration barrier and play a key role in maintaining the
normal physiological function of the kidney [20]. Prevention and correction of GEnCs injury is an
important target for early prevention and treatment of DN[21]. Like macrovascular endothelial cells,
GEnCs are directly affected by circulating substances, such as blood glucose, blood lipids and
inflammatory mediators.
The stability of cholesterol metabolism plays an important role in maintaining the normal life activities of
organisms. However, excessive cholesterol deposition will damage cells by affecting the release of
inflammatory factors, oxidative stress, cell apoptosis. Because cholesterol is insoluble in water, it is
difficult to establish an in vitro model of cholesterol intervention in cells. Previous experimental studies
used low-density lipoprotein (LDL) and oxidized low-density lipoprotein (ox-LDL) to simulate the highcholesterol environment in vitro, but the cell model established in this way was unstable with poor
repeatability and complicated experimental process [22, 23]. In this study, we simulated a high-cholesterol
environment in vitro using sigma's water-soluble cholesterol.
The results showed that certain concentration of cholesterol can reduce the activity of cells, indicating
that high concentration of cholesterol has a damaging effect on cells, which is time-dependent and
concentration-dependent. Previous studies have found that free cholesterol can lead to the death of foam
cells derived from macrophages, and the possible mechanism is that cholesterol can lead to apoptosis by
activating the mitochondrial apoptosis pathway and the endoplasmic reticulum apoptosis pathway [24].
However, the mechanism by which this damage occurs in GEnCs is still unclear. When given free
cholesterol intervention, the content of lipid in the cell increased, indicating that free cholesterol can enter
the cell through some way, and excessive cholesterol intervention in the cell can lead to the disorder of
lipid metabolism. When cholesterol load exceeds the self-regulation ability of cells, excessive lipids
cannot be metabolized and discharged out of cells, but are deposited in cells, thereby causing
dysfunction of cells. Under the intervention of different glucose and cholesterol concentrations, the
simple intervention of HG will not cause cellular lipid deposition, but HG can aggravate the intracellular
lipid deposition caused by HC. It indicates that the disorder of glucose metabolism can affect normal
lipid metabolism and lead to abnormal lipid metabolism. However, the abnormal lipid metabolism caused
by HG may not cause excessive lipid deposition in the cells, but only play a role in the mutual promotion
with HC to aggravate the intracellular lipid deposition caused by HC.
In most cells, cholesterol cannot be decomposed or metabolized and can only be maintained by transport
of cholesterol out of cells [25]. Lipid accumulation in renal cells is an important feature of highcholesterol-induced renal injury [26]. Therefore, in GEnCs, when cholesterol overload occurs, the outflow
system of cholesterol plays an important role in reducing cell damage caused by high lipid deposition
[27]. LDLR and ABCA1 play an important role in the process of intracellular cholesterol accumulation and
lipid toxicity causing cell damage [28, 29].
Previous studies found that ABCA1 expression was significantly down-regulated in apoE-/- diabetic mice
and kidney cells under HG conditions, and the decreased expression of ABCA1 in the kidney of diabetic
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mice could lead to lipid accumulation, excessive production of cytoinflammatory cytokines and renal
dysfunction, suggesting that the decreased expression of ABCA1 was closely related to early DN [30]. We
found that the expression of ABCA1 was up-regulated under the intervention of HC in GEnCs, which may
be because the cholesterol entered the cell after HC load, the cell perceived the increase of intracellular
cholesterol content, and the feedback increased the expression of ABCA1 to promote the intracellular
cholesterol outflow. However, compared with simple HC, the expression of ABCA1 was decreased after the
intervention of HG and HC, which means that HG can inhibit the increase of cell ABCA1 response caused
by HC, thus leading to the deposition of cholesterol in the cells and aggravating the diabetic kidney injury.
We also examined the effects of HG and HC on LDLR, a protein that mediates cholesterol flow into cells.
The results showed that HG alone could also down-regulate the expression of LDLR, but the LDLR
expression increased when HG intervention was given on the basis of cholesterol load. The reason for
this result may be that the intracellular energy supply is excessive under the intervention of HG alone, and
the cell response reduces the expression of LDLR to reduce the lipid entering into the cell, thereby
alleviating the intracellular energy surplus. When HG is given on the basis of cholesterol, the cells are
under excessive HC load. In order to prevent excessive cholesterol from entering the cells, cell feedback
reduces the expression of LDLR. However, HG interferes with the normal cell feedback, allowing more
cholesterol to flow into the cells and aggravating the intracellular lipid deposition.
In liver cells and macrophages, the activation of LXRs can promote the reverse transport process of
cholesterol by inducing the activation of a series of related genes [31]. However it remains unclear
whether this effect is still present in GEnCs. Our results showed that the expression of LXRs in GEnCs was
consistent with that of ABCA1, and the activation of LXRs could up-regulate the expression of ABCA1 and
partially reverse the decrease in the expression of ABCA1 caused by HG. This indicates that in GEnCs, the
LXRs-ABCA1 axis is involved in the process of HG exacerbates intracellular lipid deposition under HC
load.
Previous studies have found that LncRNAs can regulate cholesterol metabolism in the body through a
variety of mechanisms[32–35]. However, previous studies have focused on liver cells and macrophages,
and whether LncRNAs also play an important role in regulating cholesterol metabolism in kidney cells.
The regulatory role of LncRNAs in the occurrence and development of DN and whether renal tissue
damage caused by HG and HC through this mechanism have not been reported in the literature. We found
that on the basis of cholesterol intervention, HG can affect intracellular cholesterol efflux by affecting
LXRs-ABCA1, but does HG have an effect on the process of LXRs regulating ABCA1 transcription?
Previous studies have reported that LncRNAs is involved in transcriptional regulation of genes. So in
GEnCs, is LXRs involved in the regulation of ABCA1 transcription by LncRNAs? How does HG affect this
process? We first used gene microarray to detect LncRNAs expression changes after LXRs agonist
intervention, and screened out LncRNAs that might be involved in LXRs regulation of ABCA1 transcription
process, which was verified by RT-qPCR. We screened 5 LncRNAs from the microarray for validation, and
the expression of LncRNAOR13C9 was significantly increased in after LXRs intervention. We used siRNA
to knock down the expression of LncRNAOR13C9 before LXRs agonist intervention. Compared to group
without LncRNAOR13C9 knockdown, the expression of ABCA1 decreased significantly in the
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LncRNAOR13C9 knockdown group, indicating that LncRNAOR13C9 plays an important role in LXRs
regulation of ABCA1 transcription, but the specific target and the effect of HG on this process need further
experimental verification.

Conclusions
In conclusion, our results showed that high glucose enhanced intracellular lipid deposition by interfering
with cellular response to high cholesterol load to up-regulate the expression of ABCA1, and high glucose
blocked the expression of ABCA1 by ing LXRs, and LncRNA-LncRNAOR13C9 also played an important
role in this process. In addition, our study provides new evidence to further clarify the pathogenesis of DN
and provides new intervention targets for the treatment of DN. Further studies are needed to address
these issues and to confirm our findings.
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Figure 1
HG exacerbates intracellular lipid deposition under HC load. A. CCK-8 was used to evaluate the influence
of soluble cholesterol on GEnCs cells activity (＊＊P < 0.01 versus Control). B. Oil red O staining for GEnCs
under the different cholesterol concentration. C. Cholesterol quantification experiment was used to detect
the content of intracellular cholesterol (＊＊＊P < 0.001 versus Control). D. Oil red O staining for GEnCs under
the different cholesterol and glucose concentration. E. Cholesterol quantification experiment was adopted
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to assess detect the content of intracellular cholesterol (＊＊＊P < 0.001 versus LG, #< 0.05 versus HC). CHO,
water soluble cholesterol.

Figure 2
HG interferes with the self-regulation of cells under HC load by affecting ABCA1 and LDLR. A,B. RT-qPCR
and WB analysis for ABCA1 expression ( ＊P < 0.05 versus LG, #P < 0.05 versus HC). C.
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Immunofluorescence experiment was used to detect the expression of ABCA1. D,E. RT-qPCR and WB
analysis for LDLR expression ( ＊P < 0.05 versus LG, #P < 0.05 versus HG+HC).

Figure 3
HG affects ABCA1 up-regulation by LXRs under HC load. A,B. RT-qPCR analysis for expression of
transcription factors of ABCA1 ( ＊P < 0.01 versus LG, ＊＊P < 0.05 versus LG, #P < 0.05 versus HG, ##P <
0.01 versus HG, &< 0.01 versus HC). C,D. RT-qPCR and WB analysis for ABCA1 expression under GW3965
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at different concentrations (＊＊P < 0.05 versus LG). E. RTqPCR analysis for expression of ABCA1 after
intervention of HG with HC and GW3965 (＊P < 0.05 versus LG, ＊＊P < 0.01 versus LG, ##P < 0.01 versus HC,
&P < 0.05 versus HG+HC).

Figure 4
Analysis and validation of Gene Microarray results. A,B. The heatmap for differential expression of mRNA
and LncRNA under interference of GW3965. C. RT-qPCR analysis for expression of 5 candidate LncRNAs
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(＊＊＊P < 0.001 versus NC).

Figure 5
LncRNAOR13C9 involved in the LXRs regulation of ABCA1 transcription. A. The search result of
LncRNAOR13C9 function in the long non-coding RNA database. B. The FISH for the location of
LncRNAOR13C9 in GEnCs. C. RT-qPCR analysis for the knockout efficiency of LncRNAOR13C9 (＊＊＊P <
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0.001 versus si-NC). D. RT-qPCR analysis was used to detect the ABCA1 expression in GEnCs with the
LncRNAOR13C9 siRNA and GW3965(＊＊＊P < 0.001 versus si-NC,###P < 0.001 versus control).
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