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Background: CD36 is the receptor of oxidised low-density lipoprotein (OxLDL) in renal tubular epithelial cells. Nuclear factor
erythroid 2-related factor 2 (Nrf2) is the key factor in the activation of the Nrf2 signalling pathway and the regulation of
oxidative stress. Kelch-like ECH-associated protein 1 (Keap1) is known as an Nrf2 inhibitor. Methods: We used OxLDL and
Nrf2 inhibitors at different concentrations and durations to treat renal tubular epithelial cells; the expression of CD36 and
cytoplasmic and nucleic Nrf2 and E-cadherin in those cells were observed by Western blot and reverse-transcription
polymerase chain reaction. Results: The protein levels of Nrf2 decreased in expression after 24 hours of OxLDL treatment. At
the same time, the Nrf2 protein level in the cytoplasm did not change significantly compared with that of the control group,
and the Nrf2 protein level expression in the nucleus increased. Both the messenger ribonucleic acid (mRNA) and protein
expression of CD36 decreased following the treatment of cells with the Nrf2 inhibitor Keap1. Kelch-like ECH-associated
protein 1 was overexpressed, and CD36 mRNA and protein expression were decreased in OxLDL-treated cells. Following the
overexpression of Keap1, E-cadherin expression was reduced in NRK-52E cells. Conclusion: Nuclear factor erythroid 2-related
factor 2 can be activated by OxLDL; however, it can only alleviate OxLDL-induced oxidative stress by transferring from the
cytoplasm to the nucleus. Additionally, Nrf2 may play a protective role by upregulating CD36.

1. Introduction

Hyperglycaemia and hyperlipidaemia frequently occur and
persist in diabetic nephropathy. Previous studies have shown
that abnormal lipid metabolism is an important factor
affecting oxidative stress in diabetes. Furthermore, it plays
a vital role in the occurrence and development of renal inter-
stitial injury. It has been demonstrated that oxidised low-
density lipoprotein (OxLDL) is a major damaging factor in
abnormal lipid metabolism [1, 2], and it is also considered
an indicator of oxidative stress in serum.

The nuclear factor erythroid 2-related factor 2 (Nrf2) is a
major activator of cellular antioxidant response genes. In
normal cells without oxidative stress, Nrf2 is maintained at
low levels in the cytoplasm by its inhibitor Kelch-like
ECH-associated protein 1 (Keap1) for proteasomal degrada-
tion. Under oxidative and other stress, the ubiquitin ligase

activity of Keap1 is inactivated, allowing Nrf2 to accumulate
in the nucleus and bind as a heterodimer. Additionally, small
Minor Allele Frequency (MAF) proteins bind to the antiox-
idant response elements of target genes, such as NQO1,
HO1, and GCLM, stimulating their expression [3, 4].

Previous studies have shown that OxLDL plays a key role
in the pathogenesis of atherosclerosis and can regulate cell
growth, the expression of transcription factors and cyto-
kines, and affect cell viability [5, 6]. Previous cytological
studies have found that OxLDL in preadipocytes is a specific
saturation process mediated by CD36, which affects adipose
tissue homeostasis by inhibiting the differentiation of prea-
dipocytes [7]. Oxidised low-density lipoprotein has also
been shown to induce CD36 overexpression via the upregu-
lation of Nrf2 expression in preadipocytes. In adipocytes, the
upregulation of CD36 may indicate a compensatory mecha-
nism to meet the requirement for excessive OxLDL and
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oxidised lipids in blood and reduce the risk of atherosclerosis
[8]. However, whether the same mechanism exists in renal
tubular cells remains unclear. In addition, it is unclear how
abnormal lipid metabolism leads to oxidative stress and, ulti-
mately, renal interstitial injury. This study found that Nrf2
could be activated by OxLDL and that Nrf2 may play a pro-
tective role by upregulating CD36 expression.

2. Materials and Methods

2.1. Cell Culture. Rattus norvegicus renal tubular epithelial
cell line NRK-52E (American Type Culture Collection
[ATCC], VA, USA) and human renal tubular epithelial cell
line HK-2 (ATCC) were plated and cultured in Dulbecco’s
modified Eagle’s medium supplemented with 10% foetal
bovine serum. HEK293T cells were obtained from the ATCC
and used for Lentivirus transfection.

2.2. OxLDL Preparation and Treatment. Oxidised low-
density lipoprotein was obtained from Yiyuan Biotechnol-
ogy Company (Guangzhou, China) and sterilised using a
0.22μm membrane (Millipore Corp., Bedford, MA, USA).
Different concentrations of OxLDL were tested. First,
50mg/L OxLDL was incubated with NRK-52E cells for
0–48 hours. Then, 0, 100, and 150mg/L concentrations
of OxLDL were incubated with the cells for 0–4 days. In
some experiments, NRK-52E cells infected with empty
p305 and p305-Keap1 were treated with 150mg/L OxLDL
for 2 or 3 days. Cells were treated to express CD36, total
Nrf2, nuclear Nrf2, NFκB, and E-cadherin at the end of
the incubation period as described.

2.3. Serum Starvation. Cells were seeded in culture dishes,
first cultured with 10% foetal bovine serum, followed by cell
starvation with 1% foetal bovine serum 24 hours later. Intra-
cellular proteins were collected for subsequent experiments
after cell starvation for 48 hours.

2.4. Immunoblotting Analysis

2.4.1. Nuclear and Cytosolic Protein Extracts. The NRK-52E
and HK-2 cells infected with empty p305 and p305-Keap1
were washed with ice-cold phosphate-buffered saline (PBS)
and lysed in an appropriate volume (10× cell volume) of
ice-cold buffer A containing 0.5% NP-40. After incubation,
the cells were washed with PBS and lysed in a lysis buffer
(Bio-Rad Laboratories Inc., Hercules, CA, USA). The cell
lysates were sonicated and centrifuged at 13,000 rpm at 4°C
for 15 minutes to pellet the cell debris. Before Western blot-
ting, labelled dye and 2-mercaptoethanol were added to the
lysate, separated by sodium dodecyl sulphate–polyacryl-
amide gel electrophoresis and transferred to a nitrocellulose
membrane (Pall Corp., AZ, USA). After being blockaded
with 5% non-fat milk, the membranes were incubated at
4°C overnight with rabbit polyclonal anti-CD36 antibody
(Abcam, Cambridge, UK), rabbit polyclonal anti-Nrf2 anti-
body (Abcam, Cambridge, UK), and mouse mAb to E-
cadherin (BD Biosciences, San Jose, CA, USA) or rabbit
polyclonal to NFκB (Santa Cruz Biotechnology, Inc., Dallas,
TX, USA). After extensive washing in Tris-buffered saline

(TBS)–Tween 20 (TBST), the membranes were incubated
with horseradish peroxidase-conjugated anti-mouse immu-
noglobulin G (IgG) or anti-rabbit IgG (Zhongshan Golden
Bridge Biotechnology Co. Ltd., Beijing, China) for 1 hour
at room temperature. After washing with TBST, the mem-
branes were incubated with an enhanced chemilumines-
cence system detection kit (Millipore Corp., Bedford, MA,
USA).

1mM dichlorodiphenyltrichloroethane (DTT) and
1×protease inhibitor (PI). The cell lysates were pipetted up
and down several times to disrupt any cell clumps, rotated
for 10 minutes at 4°C, and centrifuged at high speed for 3
minutes at 4°C. The supernatants (cytosolic part) were
stored at 4°C. The pellets were washed with ice-cold buffer
A and mixed with 3× volumes of ice-cold buffer B contain-
ing 1 DTT and 1×PI. The mixtures were incubated on ice
for 30 minutes with an intermittent strong vortex and spun
for 15 minutes at high speed at 4°C. The supernatants were
collected, and the concentration of proteins was determined
using a bicinchoninic assay.

2.4.2. Total Ribonucleic Acid Extraction and Reverse-
Transcription Polymerase Chain Reaction Analysis. Total
ribonucleic acid (RNA) was isolated from the NRK-52E cells,
the NRK-52E cells infected with empty p305 and p305-Keap1,
and the OxLDL-treated cells using TRIzol as a reagent (Invi-
trogen Life Technologies, Thermo Fisher Scientific, Inc., MA,
USA). Quantitative real-time polymerase chain reaction
(PCR) was performed with primers using a sequence detector
(Applied Biosystems, Thermo Fisher Scientific, Inc., MA,
USA). Oligonucleotide primers used for the reverse-
transcription (RT) PCR were as follows: 5′;-GGTGTGCTC
AACAGCCTTATC-3′; and 5′;-TTATGGCAACCTTGCT
TATG-3′; for detecting rat CD36 messenger RNA (mRNA),
5′;-GACTGGATCTGGCATAAAGA-3′;, and 5′;-TCAACG
GCACAGTCAAGG-3′; and 5′;-ACTCCACGACATACTC
AGC-3′; for rat glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) mRNA. The expressions of the CD36 and LOX-1
genes were determined as the amount of CD36 relative to
GAPDH mRNA using the comparative CT method described
in the Applied Biosystems (ABI) sequence detection system.

2.4.3. Lentivirus Transfection. Lentivirus was produced in
HEK293T cells packed with plasmid pMD2 using plasmids
p305 and p305-Keap1. BSBG, pMDLg/pRRE, and pRSV-
REV were obtained using a Ca3(PO4)2 transfection kit
(Millipore Corp., Bedford, MA, USA). NRK-52E cells were
infected with a Lentivirus vector until the Enhanced Green
Fluorescent Protein (EGFP) marker was completely dis-
played as successfully infected cells.

3. Results

3.1. Expression of CD36 in NRK-52E Cells. NRK-52E cells
were incubated with 50mg/L OxLDL for 0, 5, 10, 24, and
48 hours, respectively. The cells were collected, and the
expression of CD36 was detected by Western blot. The
results showed that CD36 expression was reduced under
OxLDL-treated conditions (Figures 1(a) and 1(b)).
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Different concentrations of OxLDL were prepared with
cell culture media (0, 100, and 150mg/L) and incubated with
NRK-52E cells under different concentrations of OxLDL for
2 and 4 days. The results showed that the expression of the
CD36 protein in the NRK-52E cells stimulated by 150mg/
L OxLDL was higher than that in the 0mg/L OxLDL group
on days 2 and 4 (p < 0:05); the 4-day group was more evi-
dent than the 2-day group. When NRK-52E cells were stim-
ulated with 100mg/L OxLDL for 2 days, the expression of
the CD36 protein in the 100mg/L group also increased
(p < 0:05), but the growth range was relatively small com-
pared with that of the 150mg/L group (p < 0:05). After 4
days, the expression of the CD36 protein in the NRK-52E
cells stimulated by 100 and 150mg/L OxLDL was not statis-
tically significant (p > 0:05) (Figures 2(a) and 2(b)).

Changes in Nrf2 protein levels under OxLDL treatment
were determined. Oxidised low-density lipoprotein was pre-
pared to a concentration of 50mg/L using a cell culture
medium; subsequently, NRK-52E cells were stimulated for
0, 5, 10, 24, and 48 hours. The cells were then collected,
and the total Nrf2 protein level in the cells was detected.
The results showed no significant change in the total Nrf2
protein level in the NRK-52E cells at 5 and 10 hours
(p > 0:05). After 24 hours of treatment, the results revealed
a reduced expression of Nrf2 compared with that of the con-
trol group (p < 0:05) and a reduced expression with no sta-
tistical significance after 48 hours (p > 0:05) (Figures 3(a)
and 3(b)).

NRK-52E cells were treated with 150mg/L OxLDL, and
the nuclear and cytoplasmic proteins were extracted to detect
the Nrf2 protein level. The results showed that the Nrf2 pro-
tein in the NRK-52E nucleus of the serum starvation and
OxLDL treatment groups was higher than that of the control
group (p < 0:05). In contrast, the Nrf2 protein quantity in the
cytoplasm of the serum starvation and OxLDL treatment

groups was not different (p > 0:05) (Figures 4(a) and 4(b)).
We obtained the same results in human renal tubular epithe-
lial cell line HK-2 cells (Figure 4(c)).

3.2. Keap1 and Nrf2 Effects on CD36 Expression. Keap1 is an
inhibitory protein of Nrf2. NRK-52E cells were treated with
Keap1 overexpression (the p305-Keap1 group) and were
untreated in the control group (p305-empty group); then,
the NRK-52E cells were stimulated with 0 and 150mg/L
OxLDL for 2 and 3 days, respectively. The results showed
that when stimulated with 0mg/L OxLDL, there was no
change in the expression of CD36 in the NRK-52E cells
treated with Nrf2 inhibitor Keap1 overexpression (the
p305-Keap1 group) compared with that of the untreated
control group (the p305-empty group). Compared with the
untreated control NRK-52E cell group, the expression of
CD36 in the Keap1-overexpressed NRK-52E cell group
decreased after 2 and 3 days of stimulation with 150mg/L
OxLDL (p < 0:05) (Figures 5(a) and 5(b)).

To determine whether Nrf2 activation is related to
OxLDL-mediated renal tubular cells, we treated renal tubu-
lar cells with the Nrf2 inhibitor Keap1 (the p305-Keap1
group), and the control group (the p305-empty group) was
not treated. Then, both groups of cells were stimulated with
OxLDL (the p305-Keap1-OxLDL group). The results
showed that the CD36 mRNA in the Keap1 group was lower
than that in the control group, and the Keap1 OxLDL group
also showed a significant decrease in CD36 mRNA com-
pared with that of the control group (Figures 6(a) and 6(b)).

3.3. E-Cadherin Protein Expression in Tubular Cells Treated
with Keap1. To determine the relationship between Nrf2 and
renal tubular fibrosis, we treated renal tubular cells with the
Nrf2 inhibitor p305-Keap1 (the p305-Keap1 group). Then,
we detected the expression of fibrosis factor E-cadherin in the
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Figure 1: (a) CD36 expression in NRK-52E cells incubated by 50mg/L OxLDL (C: control). The expression of CD36 in NRK-52E cells
incubated by 50mg/L OxLDL, OxLDLD was made to different concentration, and incubated NRK-52E cells for different time 0, 5, 10,
24, and 48 hours. Collected all groups of cells and test CD36 level by Western-blotting, the results show the CD36 level of 5, 10, 24, and
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treatment and control groups. The results showed that the
expression of E-cadherin in the p305-Keap1 group was lower
than that of the control group (Figures 7(a) and 7(b)).

4. Discussion

This study found that the CD36 protein, an OxLDL membrane
receptor, increased in OxLDL-treated renal tubular NRK-52E
cells. The results revealed that OxLDL could upregulate CD36,
which was related to the concentration and action time of
OxLDL. The upregulation effect of 150mg/L OxLDL on CD36
was more evident than with 50 and 100mg/L OxLDL. The
expression level of the CD36 protein increased with a prolonga-
tion of action time and an increase in OxLDL concentration. The
CD36 protein changed the 24-hour OxLDL intervention by at
least 50mg/L, indicating that the progress of OxLDL-mediated

renal tubular injury was slow. This study confirmed for the first
time that the OxLDL receptor CD36 in renal tubular cells plays
a role as an OxLDL receptor during hyperlipidaemia and oxida-
tive stress. The upregulation of CD36 indicates the coping mech-
anism after excessive OxLDL in hyperlipidaemia to reduce the
risk of renal tubular injury caused by OxLDL.

Additionally, we found that in a high OxLDL environ-
ment, CD36 was upregulated, and Nrf2 was changed. After
treatment with 50mg/L OxLDL for 5 and 10 hours, the total
Nrf2 protein level did not change significantly, although it
decreased after treatment for 24 and 48 hours. These results
indicate that the OxLDL-mediated Nrf2 pathway needs suf-
ficient time to function, which is consistent with the results
of previous studies on preadipocytes [9–12].

Furthermore, the present study showed that NRK-52E
cells treated with OxLDL and starvation for 2 days had a
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relatively high level of Nrf2 protein in the nucleus and a rel-
atively low level in the cytoplasm; this indicated that OxLDL
stimulated the initiation of oxidative stress and activated the
Nrf2 signalling pathway by causing the transfer of Nrf2 from
the cytoplasm to the nucleus, continuing to regulate the
downstream gene HO-1 [8]. This study may confirm the reg-
ulatory mechanism of Nrf2 in renal tubular cells under oxi-
dative stress and abnormal lipid metabolism. The
relationship between the levels of CD36 and Nrf2 proteins
in renal tubular cells after OxLDL treatment may indicate
that OxLDL initiates the Nrf2 protective mechanism by
upregulating CD36.

The cytoplasmic inhibitor Keap1 is a receptor that
induces Nrf2 activation via oxides and electrophiles. It is also
a regulator of Nrf2 degradation mediated by the ubiquitin
protease system and plays a central role in regulating the
Nrf2 signalling pathway [11, 12]. Keap1 has been shown to
be a shuttle protein that can move back and forth between
the cytoplasm and nucleus. Once intracellular redox homeo-
stasis is restored, Keap1 can shuttle from the cytoplasm into
the nucleus and move Nrf2 upwards from antioxidant

response elements; then, the Nrf2–Keap1 complex moves
out of the nucleus again. The Nrf2–Keap1 complex is again
degraded in the cytoplasm by a cul3-rbxl-e3-dependent ubi-
quitinase mechanism. Nuclear factor erythroid 2-related fac-
tor 2 remains at low-level expression, and the Nrf2 signalling
pathway is inactivated [13, 14]. Therefore, Keap1 can be
considered to play a role in inhibiting the transfer of Nrf2
to the nucleus [15–17].

This study showed that the expression of CD36 mRNA
and protein decreased in NRK-52E renal tubular cells
treated with Keap1. After OxLDL stimulation and Keap1
overexpression treatment, the expression of CD36 mRNA
and protein in renal tubular cells also decreased. These
results suggest that Nrf2 plays a role in regulating OxLDL
receptor CD36 and activates the protective mechanism of
oxidative stress by upregulating CD36.

Strutz [18] first proposed the concept of renal tubular
phenotypic transformation (epithelial–mesenchymal transi-
tion [EMT]) in a renal tubular basement membrane cell
model, which can be transformed into medial forebrain
bundle cells and express the interstitial marker vimentin
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[18]. The main feature of renal tubular cells after EMT is
the reduction or loss of E-cadherin expression [19]. Renal
tubular epithelial cells maintain the integrity of cell mor-

phology, structure, and function through various cell adhe-
sion mechanisms, such as E-cadherin. The loss of E-
cadherin leads to the transformation of the characteristics
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of primary epithelial cells to non-epithelial functions [20].
Therefore, E-cadherin is the main molecular marker of epi-
thelial adhesion and phenotype and can be used as an
important marker of EMT. The decreased expression of
E-cadherin can be used as a marker of renal tubular EMT
and fibrosis. Therefore, in this study, we selected E-
cadherin as a molecular marker of OxLDL-induced renal
tubular cell fibrosis [20, 21]. Our results showed that the
expression of E-cadherin decreased in renal tubular cells
treated with Keap1. This result may indicate that Nrf2
plays an inhibitory role in the EMT process of renal tubu-
lar cells. Moreover, these results confirmed that Nrf2 has
an inhibitory effect on the process of renal tubulointerstitial
fibrosis and plays a protective role in renal tubulointerstitial
fibrosis. The protective effect of Nrf2 is finally reflected in
the inhibition of the EMT response by reducing the loss
of E-cadherin and inhibiting the fibrosis process in renal
tubular cells.

5. Conclusions

Overall, this study’s results suggest that Nrf2 plays a key role
as a transcriptional regulator of oxidative stress in OxLDL-
induced renal fibrosis. Excessive OxLDL in renal tubular
cells upregulates CD36 and activates the Nrf2 signalling
pathway, resulting in the transfer of Nrf2 from the cyto-
plasm to the nucleus; this may regulate CD36 at a later stage,
leading to upregulation of CD36, thereby enhancing CD36’s
ability to defend against OxLDL and play a protective role.
E-cadherin is worthy of further study and discussion regard-
ing reducing renal tubular cell injury and delaying nephrop-
athy. Research should focus on future therapeutic targets.
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