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Background

Clinical studies have shown that lipid metabolism 
abnormalities are observed in many kidney diseases, 
additionally, hyperlipidemia itself participates in the 
progression of kidney diseases (1). Accumulating evidence has 
demonstrated that glomerulosclerosis and atherosclerosis have 
similar pathophysiological mechanisms (2). Atherosclerosis is 
chronic inflammation process of the vascular wall essentially 
(3), inflammatory factors may participate in the formation of 
atherosclerosis together with lipids. Hyperlipidemia levels are 
not parallel to the degree of glomerulosclerosis and various 
kidney diseases are characterized by a micro-inflammatory 
state (4), analogously, inflammatory factors may contribute 
to the pathogenesis of glomerulosclerosis along with lipids. 
Therefore, it is crucial to clarify lipid-mediated atherosclerosis 
and renal injury through studying the mechanism by which 
inflammation affects cholesterol homeostasis at the cellular 
level (5).

Previous studies have revealed that oxidized low-
density lipoprotein (Ox-LDL) is an important risk factor in 
cardiovascular events and plays a critical role in atherosclerosis. 
The lectin-like oxidized low-density lipoprotein receptor (LOX-
1) is a novel and major Ox-LDL receptor. Recent studies have 
demonstrated that LOX-1 plays a key role in the development 
and progression of atherosclerosis (6).

Intracellular lipid homeostasis involves both lipid uptake and 
excretion, the ATP-binding cassette transporter A1 (ABCA1) 
is a member of the ATP-binding box transporter superfamily 
and plays an important role in the initial steps of cholesterol 
transport and high-density lipoprotein (HDL) production. 
ABCA1 performs an anti–early atherosclerosis function and 
inhibits the formation of atherosclerotic plaques (7).

Only few relevant reports exist regarding the mechanism 
by which inflammatory factors affect the cholesterol 
balance in HMCs. This study explored the effects of IL-1β 
on LOX-l and ABCA1 expression in HMCs homeostasis 
of intracellular cholesterol, and possible interventions that 
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might affect receptor expression and delay the progression of 
glomerulosclerosis.

Methods

Materials 
Fetal calf serum (FCS) and RPMI-1640 culture solution 

(Gibco, Gaithersburg, MD, USA), Dil-Ox-LDL (Biomed 
Technologies, Mt. Arlington, NJ, USA), Ox-LDL and HMCs 
(Basic Institute of Peking Union Medical College, Beijing, 
China), IL-1β and LOX-1 antibody (R&D, Abingdon, 
UK), and ABCA1 antibody (Novus biologicals, Fullerton, 
CA, U.S.A) were used. PCR system, reverse transcriptase 
buffer and dNTPs (Promega, Madison, WI, USA), 
Oligo(dT) primers (Sangon Biotech, Shanghai, China) 
were used. The primer sequences were as follows: LOX 1 
forward, 5’-ACAGAGGCCATTCCGAAATCA-3’; reverse, 
5’-GGTAGAGTCTGGAGATGGACCACA-3’;ABCA1 
forward ,  5 ’ -ATTCGCTCTGAGATGAGCACCA-3’ ; 
reverse, 5’-TTTCAAGCGGGCATAGAACCA-3’;GAPDH  
forward, 5’-GCACCGTCAAGGCTGAGAAC-3’; reverse, 
5’-ATGGTGGTGAAGACGCCAGT-3’.

Culture and identification of HMCs 
HMCs were cultured in RPMI 1640 cell culture medium 

with 10% FCS in an incubator at 37°C and 5% CO2. 
HMCs were washed with 0.01 M PBS, digested with 
0.25% trypsin/0.025% EDTA for 1 min, and subcultured by 
suspension in RPMI 1640 culture medium with 10% FCS. 
HMCs were identified using an indirect immunofluorescence 
assay in which cytoplasmic actin and collagen IV staining were 
positive and cytokeratin and Factor VIII staining were negative.

Confocal laser scanning microscopy
HMCs (5×104/mL) were inoculated into 8-well plates and 

were cultured to quiescent state, then 5 ng/mL IL-1β+0.2% 
RPMI 1640 was added for continuous culture for 24 hours. 
After 10 μg/mL Dil-Ox-LDL added for continuous incubation 
for 5 hours, culture plates were washed with PBS. Slides 
were fixed with 5% formalin for 1 hour and sealed with 
90% glycerol. Under a confocal laser scanning microscope, 
5-8 fields were randomly selected per well, and the average 
fluorescence value per unit area of 30 cells was calculated. 

Reverse transcription quantitative polymerase chain 
reaction (RT qPCR) analysis

After culturing to the quiescent state, HMCs were randomly 
divided into four groups and were harvested at 12 hours after 
culturing in media containing 0, 2.5, 5, and 10 ng/mL IL-1β. 
Total RNA was extracted and cDNA was synthesized. PCR 
amplification was performed in a 25-µL reaction system using 
the respective LOX-1 primers, for 50 cycles at 95°C for 10 
seconds, 95°C for 15 seconds, and 60°C for 30 seconds.

After 40μg/mL Ox-LDL pre-incubates HMCs for 24 hours to 

form lipid loaded, quiescent state cells were randomly divided 
into four groups and were harvested at 24 hours after culturing 
in media containing 0, 2.5, 5, and 10 ng/mL IL-1β, Total RNA 
was extracted and cDNA was synthesized, similarly, PCR 
amplification was performed using the respective ABCA1 
primers for 60 cycles. 

Western blotting
Quiescent state HMCs were randomly divided into four 

groups and were harvested at 24 hours after culturing in 
media containing 0, 2.5, 5, and 10 ng/mL IL-1β. Each lane 
of a gel was loaded with 250 µg of the sample protein for 
electrophoresis, then protein was transferred to a membrane for 
1 hour. The membrane was blocked with tris-buffered saline 
with Tween 20 (TBST)-bovine serum albumin (BSA) buffer 
overnight, incubated with 0.2 ng/mL LOX-1 primary antibody 
by slowly shaking for 2 hours at 25°C, washed, incubated with 
1:6000 secondary antibody by slowly shaking for 1 hour at 
25°C, washed, and subjected to ECL development. 

After 40μg/mL Ox-LDL pre-incubates HMCs for 24h to 
form lipid loaded, quiescent state cells were randomly divided 
into four groups and were harvested at 24 hours after culturing 
in media containing 0, 2.5, 5, and 10 ng/mL IL-1β, after 
electrophoresis, the protein was transferred to a membrane for 4 
hours and incubated with l: 600 ABCA1 primary antibody after 
blocking, similarly, washed, incubated with 1:6000 secondary 
antibody, washed, and subjected to ECL development. 

Statistical Methods
SPSS17.0 was used for data analyses. Measurement data are 

expressed as means ± standard deviation. The t test was used 
for pair-wise comparisons of mean values. One-way analysis of 
variance (ANOVA) was used for comparisons among multiple 
groups. P < 0.05 was considered statistical significance.

Results

Effect of IL-1β on Dil-Ox-LDL uptake by HMCs as 
determined by confocal laser scanning microscopy 

HMCs in the control group took up a small amount of Dil-
Ox-LDL. IL-1β (5 ng/mL) promoted Dil-Ox-LDL uptake by 
HMCs; the intracellular fluorescence intensity after 24h was 
5.03 times that of the control group (Fig. 1 magnification ×400).

Effect of IL-1β on LOX-1 mRNA expression
HMCs expressed LOX-1 mRNA in the basal state, and 

IL-1β promoted LOX-1 mRNA expression in a dose-dependent 
manner. IL-1β at 2.5, 5, and 10 ng/mL was used to stimulate the 
cells for 12 h. LOX-1 mRNA in the 10 ng/mL group rose to a 
peak that was 6.57 times higher than of the control group. (Fig. 
2A) 
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Figure 1 
Effect of interleukin (IL)-1β treatment for 24 h on uptake of 

Ox-LDL labeled with fluorescent Dil (Dil-Ox-LDL) by HMCs. 
A: control; B: IL-1β

Figure 2 
Effect of interleukin (IL)-1β treatment on lectin-like oxidized 

low-density lipoprotein receptor (LOX-1) (12h) and ATP-
binding cassette transporter A1 (ABCA1) (24h) mRNA 

expression in human mesangial cells. LOX-1 and ABCA1 
mRNA level expressed relative to that of GAPDH (n = 3)

Effect of IL-1β on LOX-1 protein expression
IL-1β (2.5, 5, and 10 ng/mL) significantly increased LOX-1 

protein expression in a dose-dependent manner in HMCs over 
24 h. LOX-1 level in the 10 ng/mL group reached a peak 2.57 
times higher than that of the control group (Fig. 3A). 

Effect of IL-1β on ABCA1 mRNA expression
In lipid loaded HMCs (40μg/ mL Ox-LDL pre-incubated 

cells for 24 hours), IL-1β reduced ABCA1 mRNA expression 
in a dose-dependent manner. IL-1β at 2.5, 5, and 10 ng/mL was 
used to stimulate the cells for 24 h, ABCA1 mRNA in the 10ng/
ml group decreased most significantly to 14.16% of the baseline 
(Fig. 2B). 

Figure 3 
Effect of interleukin (IL)-1β treatment for 24 h on lectin-like 
oxidized low-density lipoprotein receptor (LOX-1) and ATP-

binding cassette transporter A1 (ABCA1) protein expression in 
human mesangial cells. LOX-1 protein level expressed relative 

to that of β-actin (n = 3)

Effect of IL-1β on ABCA1 protein expression
IL-1β (2.5, 5, and 10 ng/mL) reduced ABCA1 protein 

expression of HMCs after lipid loaded in a dose-dependent 
manner over 24 h, ABCA1 protein in the 10ng/ml group 
decreased most significantly to 47.97 % to those of control 
group (Fig. 3B).

Discussion

Clinical studies have shown that hyperlipidemia is closely 
related to the progression of kidney disease. Hyperlipidemia 
is not only a common clinical manifestation of kidney disease, 
but also an important risk factor for cardiovascular disease in 
patients with all stages of kidney disease. In addition, abnormal 
lipid metabolism participates in the progression of kidney 
disease, and hyperlipidemia itself is also an independent 
pathogenic factor for the development and progression of 
glomerulosclerosis.

Hyperlipidemia levels are not parallel to the degree of 
glomerulosclerosis and increasing evidence has shown that 
various kidney diseases, such as lupus nephritis, often exhibit 
a micro-inflammatory state (8). Therefore, inflammatory 
factors together with lipids may contribute to the pathogenesis 
of glomerulosclerosis (9), making it crucial to clarify lipid-
mediated renal injury through studying mechanism by which 
inflammation affects cholesterol homeostasis at the cellular 
level.

Accumulating studies on the pathogenesis of atherosclerosis 
have revealed that under physiological conditions, many cells, 
such as endothelial cells and macrophages, can modulate 
the expression of receptors of lipid uptake and excretion to 
maintain intracellular cholesterol homeostasis to avoid 
excessive accumulation of lipids and prevent the formation 
of foam cells. Inflammatory factors can impair negative 
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feedback regulation mediated by intracellular cholesterol and 
increase the uptake of lipids by cells, eventually causing cells 
to exceed their scavenging capacity and turn into foam cells. 
The presence of foam cells is a characteristic manifestation of 
atherosclerosis, which plays an important role in promoting 
development of atherosclerosis. As glomerulosclerosis and 
atherosclerosis have similar pathophysiological mechanisms, 
presence of lipid-loaded cells is also a crucial feature at the 
early stage of glomerulosclerosis. HMCs can also take up lipid 
under physiological conditions, thus, presence of foam cells 
derived from HMCs is analogously an important feature of 
glomerulosclerosis. Therefore, it is believed that HMCs are 
closely related to lipid-mediated renal damage. By regulating 
the expression of receptors, inflammatory factors affect HMCs 
uptake and lipid degradation, which plays a crucial role in 
formation of foam cells.

The results of this study prove that HMCs express LOX-1 
receptor and take up Ox-LDL in physiological state, and 
inflammatory factor IL-1β promotes Ox-LDL uptake by 
HMCs.A variety of Ox-LDL scavenger receptors are expressed 
on the surface of HMCs; six such receptors have been 
identified, including scavenger receptor type A[9]. Neverthless, 
the rate of Ox-LDL uptake by receptors and the role of LOX-1 
in lipid uptake by HMCs are unclear. 

Ox-LDL is an important risk factor for atherosclerosis and 
its uptake can be elevated in endothelial cells, vascular smooth 
muscle cells, and macrophages in arteriosclerosis. LOX-1 is 
a novel and major Ox-LDL receptor that was first identified 
in bovine aortic endothelial cells. In arteriosclerosis, LOX-1 
can specifically bind to Ox-LDL, leading to activation and 
damage of endothelial cells, increasing expression adhesion and 
inflammatory factors, promoting mononuclear macrophages 
to accumulate, infiltrate, and participate in the formation of 
atherosclerotic plaques (11). Therefore, LOX-1 is a key factor 
in the occurrence and development of atherosclerosis. Under 
inflammatory condition, HMCs can also take up a large amount 
of Ox-LDL. After intake of Ox-LDL, LOX-1 can induce 
production of reactive oxygen species, subsequently activating 
nuclear factory-κB and other cytokine to trigger inflammatory 
response, which plays an important role in promoting 
development of glomerulosclerosis (12). Consequently in 
combination with Ox-LDL, LOX-1 not only promotes uptake 
of lipids by HMCs but also induces expression of inflammatory 
factors such as transforming growth factor-β1, which then 
stimulate the proliferation of HMCs and accelerate deterioration 
of renal disease, suggesting that LOX-1 is closely related to 
glomerulosclerosis and renal fibrosis (13).

LOX-1 also plays an important role in the progression of 
chronic kidney disease. Studies about rat model of renal failure 
with 5/6 nephrectomy found that LOX-1 was significantly 
increased in the residual kidneys, accompanied by decreased 
renal function, and ATII receptor antagonists reduced LOX-1 
expression while improving renal function (13). Anti-LOX-1 
therapy can revert renal enlargement, oxidative stress, and 

leukocyte infiltration caused by diabetes (14). Additionally, 
LOX-1 expression is increased in renal tubules of type 
2 diabetic rats and those with aggravated renal interstitial 
damage, suggesting that LOX-1 plays an important role in the 
development and progression of diabetic nephropathy (15). 

The results of this study confirm that in vitro cultured 
HMCs express LOX-1 and that inflammatory factor IL-1β 
dose-dependently promotes the expression of LOX-1 mRNA 
and protein, thereby promoting the uptake of Ox-LDL by 
HMCs. Therefore, in the presence of IL-1β, the negative 
feedback regulation mediated by intracellular cholesterol is 
broken, Ox-LDL is taken up by HMCs even when intracellular 
cholesterol content is high, possibly leading to the formation 
of foam cells. This negative feedback loop, once broken, can 
lead to glomerulosclerosis and deterioration of kidney function, 
suggesting that inflammatory responses constitute a risk for 
atherosclerosis and progression of renal disease. 

Intracellular lipid homeostasis involves both lipid uptake 
and excretion, a balance between the two processes is very 
important. ABCA1, a member of the ABC superfamily that 
uses ATP as an energy source to promote the release of free 
cholesterol and phospholipids in cells, plays an important 
role in the initial steps of reverse cholesterol transport and 
HDL generation. ABCA1 is expressed on the surface of 
vascular smooth muscle cells and endothelial cells, and plays 
an important role in cholesterol excretion, which is crucial for 
the protective pathogenesis from atherosclerosis (17). Mutation 
of the ABCA1 gene causes severe HDL-deficient syndrome 
with clinical manifestations of extensive atherosclerosis and 
early coronary heart disease, confirming the anti-atherosclerosis 
effect of ABCA1 (18). ABCA1 not only promotes cholesterol 
outflow from arterial walls and inhibits the formation of 
atherosclerotic plaques, but also participates in lipid metabolism 
in the kidneys. The liver X receptor (LXR-α) agonist can 
increase the expression of ABCA1 in rabbit mesangial cells and 
promote cholesterol outflow, indicating that LXR-α is involved 
in regulation of the balance of renal lipids via the ABCA1 
pathway (19). Previous studies have demonstrated that IL-1β 
inhibits lipid excretion (20). In this study, ABCA1 mRNA 
and protein expression in lipid-loaded HMCs was reduced by 
IL-1β in a dose-dependent manner. IL-1β is known to reduce 
lipid excretion by inhibiting ABCAl expression, resulting in an 
imbalance of intracellular cholesterol, which leads to formation 
of foam cell, subsequently exacerbating glomerulosclerosis.

Conclusions

The results of this study prove that IL-1β promotes 
expression of LOX-1, which in turn promotes Ox-LDL uptake, 
meanwhile, IL-1β reduces that of ABCA1 in lipid-loaded 
HMCs, thereby inhibiting lipid excretion. As Intracellular lipid 
homeostasis involves both lipid uptake and excretion, this 
study has revealed under inflammatory conditions, IL-1β may 
change expression of receptors which can regulate the uptake 
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and excretion of lipids, leading to imbalances in intracellular 
cholesterol levels, resulting in the formation of foam cells and 
exacerbating progression of chronic kidney diseases. While 
LOX-1 and ABCA1 may be a new target for the treatment of 
multiple diseases, our research needs to be further explored. 
Anti-LOX pathway may prevent inflammatory response and 
pathological damage induced by Ox-LDL uptake. Meanwhile, 
protective method of promoting expression of ABCA1 inhibited 
by IL-1β may help maintain cellular lipid homeostasis, and 
alleviate kidney damage caused by lipids under inflammatory 
conditions. Our findings provide a theoretical basis for 
exploring possible measures toward the prevention and 
treatment of glomerulosclerosis.
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