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Fenofibrate, a PPARα agonist, protect proximal tubular
cells from albumin-bound fatty acids induced
apoptosis via the activation of NF-kB
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Abstract: Albumin-bound fatty acids is the main cause of renal damage, PPARα is responsible in the metabolism of
fatty acids. Previous study found that PPARα played a protective role in fatty acids overload associated tubular injury.
The aim of the present study is to investigate whether fenofibrate, a PPARα ligands, could contribute to the renoprotective action in fatty acids overload proximal tubule epithelial cells. We observed in HK-2 cells that fenofibrate
significantly inhibited fatty acids bound albumin (FA-BSA) induced up-regulation of MCP-1 and IL-8. Treatment with
fenofibrate attenuated renal oxidative stress induced by FA-BSA as evidenced by decreased MDA level, increased
SOD activity and catalase, GPx-1 expression. FA-BSA induced apoptosis of HK-2 cells were also obviously prevented
by fenofibrate. Furthermore, fenofibrate significantly increased the expression of PPARα mRNA and protein in FABSA treated cells. Finally, the activation of NF-kB induced by FA-BSA was markedly suppressed by fenofibrate. Taken
together, our study describes a renoprotective role of fenofibrate in fatty acids associated tubular toxicity, and the
transcriptional activation of PPARα and suppression of NF-kB were at least partially involved.
Keywords: Chronic kidney disease, fatty acids, peroxisome proliferator-activated receptor α, fenofibrate, proximal
tubule epithelial cells, apoptosis

Introduction
Chronic kidney disease (CKD) is a major disease characterized by heterogeneous disorders in kidney that seriously threatened to
human health. Approximately 13% of the
world’s population are suffering from CKD [1].
In china, CKD patients accounts for about
10.25% of the total population, and the incidence is rising year by year [2]. CKD is considered to be a typically progressive disease, and
it is probably irreversible when developed to
end-stage renal disease (ESRD) [3]. At present,
dialysis and transplantation are main therapies
of ESRD, but the high cost severely restricted
their applicability. Therefore, there is an urgent
need to develop novel and effective therapies
to prevent the progression of CKD.
Recently, free fatty acids that binding to albumin was reported to be the main cause of renal
damage, rather than albumin itself [4, 5].

Peroxisome proliferator-activated receptor α
(PPARα), a member of the nuclear hormone
receptor super family, is intensively expressed
in the kidney and closely related to fatty acid
oxidation by the regulation of several lipolysis
enzymes [6, 7]. PPARα deficiency results in
fatty acid metabolism disorder as well as proximal tubular dysfunction [8, 9], therefore, PPARα
may play a protective role in fatty acid associated tubular toxicity.
Fenofibrate is a specific ligands of PPARα that
could specifically bind to and activate the transcription of PPARα [10]. It is widely used for the
treatment of hyperlipidemia for its lipid metabolism promotion properties [11]. Animal studies
have demonstrated that fenofibrate attenuated
renal lipotoxicity and protected renal function
by increasing fatty acid oxidation as well as preventing cell death in diabetic nephropathy mice
and hypertensive rats [12, 13]. Thus, we hypothesized that fenofibrate could activate PPARα
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and protect kidney from fatty acids induced
damage. To test our hypothesis, an fatty acidsbound albumin overload model of human proximal tubule epithelial cells was employed to
examine the effect of fenofibrate in inflammatory reactions, oxidative stress and apoptosis.
Materials and methods
Cell culture
Immortalized human proximal tubule epithelial
cell line HK-2 was purchased from American
Type Culture Collection (ATCC, Manassas, VA,
USA) and cultured in Dulbecco’s Modified Eagle
Medium (DMEM, Gibco, Grand Island, NY, USA)
supplemented with 10% fetal bovine serum
(FBS, HyClone, Logan, UT, USA) at 37°C in a
humidified atmosphere of 5% CO2.
MTT assay
To determine the optimal concentration of fatty
acids bounded BSA (FA-BSA), HK-2 cells were
seeded into 96-well plates (2×103 cells/well)
and grown for 24 h in a 37°C, 5% CO2 incubator.
FA-BSA (Solarbio, Beijing, China) was added at
a final concentration of 0 g/l, 1.25 g/l, 2.5 g/l,
5 g/l, 10 g/l or 20 g/l. Then, 0.2 g/l MTT working solution (Sigma-Aldrich Int, Louis, MO, USA)
was added at different time intervals. 4 h latter,
the crystals was dissolved with 200 μl dimethyl
sulfoxide (DMSO), and the value of OD490 was
measured by a microplate reader (ELX-800;
Bio-TEK Instruments Inc., Winooski, VT, USA).
After that, cells were pretreated with 0 µmol/l,
25 µmol/l, 50 µmol/l, 100 µmol/l or 200 µmol/l
fenofibrate (Santa Cruz Biotechnology, Santa
Cruz, CA, USA) for 2 h, then, the optimal concentration of FA-BSA was added, after co-incubation for 24 h, the employed concentration of
fenofibrate was determined by MTT assay as
mentioned above.
Cell treatment
HK-2 cells were plated in 6-well plates and cultured at 37°C, 5% CO2 for 24 h. The experiment
was set as follows: control group, HK-2 cells
without any treatment; FA-BSA group, HK-2
cells incubated with 10 g/l FA-BSA; Fen group,
HK-2 cells incubated with 100 µmol/l fenofibrate; FA-BSA + Fen group, HK-2 cells pretreated with 100 µmol/l fenofibrate for 2 h followed
by 10 g/l FA-BSA incubation. 24 h later, cells
from each group were centrifuged at 1000 rpm
for 10 min, the cell pellet and supernatant were
collected respectively for further analysis.
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Measurement of IL-8, MCP-1, MDA and SOD
The levels of IL-8 and MCP-1 in supernatant
were measured by ELISA kits (Multi Sciences,
Hangzhou, China) according to manufacturer’s
instructions. Cell pellets from each group were
resuspended by 600 µl phosphate buffer saline
(PBS, Doublehelix Biology Science, Wuhan,
China) and freezing and thawing in liquid nitrogen for three times. Cell lysates was centrifuged at 12000 rpm for 10 min and the supernatant was collected. Methane dicarboxylic
aldehyde (MDA) concentration and superoxide
dismutase (SOD) activity was determined by
commercial kits (Nanjing Jiancheng Bioengineering Institute, Jiangsu, China) as per the
instructions.
Detection of cell apoptosis
Cells from each group were subjected to apoptosis detection by using a Annexin V-FITC
Apoptosis Detection Kit (Key GEN, Nanjing,
China). In brief, cells were resuspended with
Annexin V-FITC binding buffer and incubated
with Annexin V-FITC and propidium iodide at
room temperature for 15 min in dark. Then, the
apoptosis cells were analyzed by flow cytometry (BD Accuri C6, BD Biosciences, Ann Arbor,
MI, USA).
Hoechst 33258 staining
HK-2 cells were seeded on 12-well plates with
coverslip and subjected to different treatment.
After fixing, slides of cells were incubated with
Hoechst 33258 staining solution (Beyotime) at
room temperature for 5 min. Then the slides
were washed two times by PBS. Finally, the
stained cells were observed under a fluorescence microscope (BX53, Olympus, Tokyo,
Japan).
Western blot analysis
Cells from each group were lysed by RIPA buffer
(Beyotime, Haimen, China) containing 1%
PMSF, total proteins were collected by centrifugation. Cytoplasm and nucleus proteins were
isolated using a nuclear extraction kit
(Beyotime). The protein concentration was
determined by BCA method (Beyotime). Equal
amounts of proteins were separated using 10%
SDS-PAGE and transferred onto polyvinylidene
fluoride membranes (Millipore, Bedford, MA,
USA). After blocking, the membranes were then
hybridized with primary antibodies (catalase,
1:200 diluted; GPx-1, 1:200 diluted; PPARα,
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Figure 1. Fenofibrate prevented HK-2 cells from FA-BSA induced growth inhibition. The inhibition ratio of HK-2 cells
(A) and cell viability (B) were detected by MTT assay. Data were expressed as mean ± standard deviation. **P<0.01
vs. untreated group, ##P<0.01 vs. 5 g/l group.

1:200 diluted, purchased from Santa Cruz
Biotechnology, Santa Cruz, CA, USA. bax, 1:400
diluted; bcl-2, 1:400 diluted; NF-kB, 1:400
diluted, purchased from Boster, Wuhan, China;
p-IkB, 1:500 diluted, purchased from Bioss,
Beijing, China), followed by incubation with HRP
conjugated secondary antibodies. The specific
protein bands were detected by using an
enhanced chemiluminescent kit (Qihai Biotec,
Shanghai, China).
Real-time PCR
Total RNA of HK-2 cells were extracted using
RNA sim-ple Total RNA Kit (Bioteke Corporation,
Beijing, China) and reverse-transcribed by
Super M-MLV reverse transcriptase (Bioteke
Corporation, Beijing, China). SYBER Green
based Real-time PCR was performed using 2×
Power Taq PCR MasterMix (Bioteke Corporation). Specific primers for PPARα and β-actin
were synthesized as follows: PPARα F:
5’-TCATCACGGACACGCTTTC-3’, R: 5’-CCCGCAGATTCTACATTCG-3’; β-actin F: 5’-CTTAGTTGCGTTACACCCTTTCTTG-3’, R: 5’-CTGTCACCTTCACCGTTCCAGTTT-3’. The mRNA level of PPARα
was analyzed by 2-ΔΔCt method, β-actin was
employed as an internal control.
Statistical analysis
Results were presented as mean ± standard
deviation. Differences between groups were
analyzed by one way analysis of variance
(ANOVA) and the Bonferroni post hoc test. Data
analysis was performed using a microcomputer-assisted program with SPSS 16.0 statistical
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analysis software (SPSS Inc., Chicago, IL, USA).
P<0.05 was considered to be statistically
significant.
Results
Fenofibrate attenuates FA-BSA induced growth
inhibition of HK-2 cells
HK-2 cells were treated with different concentrations of FA-BSA, the employed concentration
was detected by MTT assay. As shown in Figure
1A, FA-BSA inhibited HK-2 cell viability in a
dose-and time-dependent manner. Treatment
with 10 g/l FA-BSA resulted in a significant inhibition of cell proliferation. Thus, 10 g/l was
employed as an experiment concentration of
FA-BSA. The effective concentration of fenofibrate was also determined by MTT assay
(Figure 1B), 50 μmol/l fenofibrate significantly
reversed the inhibition effect of FA-BSA on cell
viability, and treatment with 100 μmol/l fenofibrate reached the inflexion, thus 100 μmol/l
was chosen as an experiment concentration of
fenofibrate.
Fenofibrate ameliorates FA-BSA induced inflammatory reaction and oxidative stress in
HK-2 cells
To investigate the effect of fenofibrate on
FA-BSA induced inflammatory, the levels of
MCP-1 and IL-8 were determined. As expected,
the over-expression of MCP-1 and IL-8 in HK-2
cells induced by FA-BSA was dramatically
decreased by fenofibrate treatment (Figure 2A,
2B). Moreover, FA-BSA induced oxidative
damage was also restored by fenofibrate
Int J Clin Exp Pathol 2015;8(9):10653-10661
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Figure 2. Fenofibrate inhibited FA-BSA induced inflammation and oxidative stress in HK-2 cells. Concentrations of
MCP-1 (A), IL-8 (B), MDA (C) and activity of SOD (D) were measured by using commercial kits. Expressions of catalase (E) and GPx-1 (F) were examined by western blot. Data were expressed as mean ± standard deviation. P<0.01
is represented by double asterisks.

treatment that characterized by decreased
level of lipid peroxidation products, MDA,
and enhanced activity of SOD (Figure 2C, 2D).
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Actually, the expressions of major antioxidant
enzymes, catalase and GPx-1 that strongly
reduced by FA-BSA stimulation were also
Int J Clin Exp Pathol 2015;8(9):10653-10661
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Figure 3. Fenofibrate protected HK-2 cells from FA-BSA induced apoptosis. Apoptosis of HK-2 cells were detected by
flow cytometry (A) and Hoechst 33258 staining (B). The expression of bcl-2 (C) and bax (D) was determined by western blot. Data were expressed as mean ± standard deviation. P<0.05 is represented by single asterisks. P<0.01 is
represented by double asterisks.

evidently up-regulated by fenofibrate treatment. Thus, these data suggest that fenofibrate could effectively inhibit FA-BSA induced
inflammatory reactions and oxidative stress in
HK-2 cells.
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Fenofibrate inhibits FA-BSA induced apoptosis
of HK-2 cells
To test whether fenofibrate exerts protective
effects in FA-BSA induced apoptosis, we furInt J Clin Exp Pathol 2015;8(9):10653-10661
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Figure 4. Fenofibrate activated of PPARα transcription and suppressed NF-kB activation. The expressions of PPARα
mRNA (A) and protein (B) were detected by real-time PCR and western blot. The expressions of cytoplasmic p-IkB
(C) and nuclear NF-kB (D) were determined by western blot. Data were expressed as mean ± standard deviation.
P<0.01 is represented by double asterisks.

ther evaluated the apoptosis status of HK-2
cells. Flow cytometry showed that the proportion of apoptotic cells was significantly up-regulated by FA-BSA treatment, whereas it was
markedly reduced by fenofibrate (Figure 3A).
These changes were further confirmed by
Hoechst 33258 staining. As shown in Figure
3B, there are more apoptosis cells in FA-BSA
group that identified by condensation of nuclear chromatins, however, it was obviously
reduced by fenofibrate treatment. Furthermore,
the levels of apoptosis related proteins, bcl-2
and bax, were measured by western blot (Figure
10658

3C, 3D). The data showed that treatment with
FA-BSA resulted in a significant up-regulation of
bax and down-regulation of bcl-2, and these
changes were markedly reversed by fenofibrate. In summary, fenofibrate is effective in
the inhibition of FA-BSA induced renal proximal
tubular cells apoptosis.
Fenofibrate activates PPARα and suppresses
NF-kB pathway in HK-2 cells
To determine whether PPARα is involved in the
protective action of fenofibrate in FA-BSA
Int J Clin Exp Pathol 2015;8(9):10653-10661
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induced HK-2 cell damage, the expression of
PPARα was measured by real-time PCR and
western blot (Figure 4A, 4B). FA-BSA overload
caused a marked decrease of PPARα mRNA
and protein, but it was significantly up-regulated by fenofibrate treatment. It is reported that
renal NF-kB signaling pathway is regulated by
PPARα [14], thus we examined the activity of
NF-kB to investigate the mechanism of how
fenofibrate protected HK-2 cells from FA-BSA
induced injury. As shown in Figure 4C and 4D,
the up-regulated level of cytoplasmic p-IkB and
nuclear NF-kB induced by FA-BSA in HK-2 cells
was dramatically reduced by fenofibrate treatment. These results indicated that PPARα and
NF-kB pathway may be a pivotal mediator in
fenofibrate-mediated protection of FA-BSA
induced HK-2 injury.
Discussion
The present study found that fenofibrate
reduced the over-expression of inflammatory
mediators and inhibited oxidative stress that
induced by free fatty acids overload in HK-2
cells. Meanwhile, FA-BSA induced apoptosis of
HK-2 cells was also inhibited by fenofibrated
treatment. These protective effects of fenofibrated appeared to be associated with up-regulated PPARα expression and suppressed
NF-kB activation.
Previous study has profiled in proximal tubular
cells that fatty acids bound albumin aggravates
oxidative stress and inflammatory responses
much more intensively than albumin alone [15].
Animal experiment also showed that intraperitoneally injected with fatty acids binding albumin resulted in severe tubulointerstitial damage [4]. In the present study, HK-2 cells treated
with FA-BSA exhibited obviously growth inhibition in a dose-and time-dependent manner,
these data further confirmed that albumin binding free fatty acids is responsible in renal
damage.
Inflammation and oxidant stress are closely
related to the conversion of moderate to severe
CKD [16]. MCP-1 and IL-8 are key proinflammatory chemokines that involved in the recruitment and activation of neutrophils, T cells and
monocytes [17]. MDA is a index of lipid peroxidation [18], SOD, catalase and GPx-1 are several constitutive amounts of antioxidant
enzymes [9]. We found in FA-BSA treated HK-2
10659

cells that fenofibrate reduced MCP-1, IL-8 and
MDA level, enhanced SOD activity, and up-regulated catalase and GPx-1 expression, indicating
that fenofibrate could attenuate FA-BSA
induced inflammation and oxidative stress.
Similar conclusions were also obtained in spontaneously hypertensive rats, that fenofibrate
protects hypertensive associated kidney injury
by the inhibition of oxidative stress [19].
Apoptosis could be observed in the pathogenesis of a variety of kidney diseases, such as
diabetic nephropathy [20], hypertensive nephrosclerosis [21] and obestity-related renal disease [22]. It is reported that fatty acids is a
chief instigators of renal apoptosis both in vivo
and in vitro [23-25]. In the present study, apoptosis was significantly increased in FA-BSA
treated group, and it was dramatically reduced
by fenofibrate. These results are in line with
previous study showing that fenofibrate plays a
protective role in high glucose, oxidative stress
or high-fat diet induced cell apoptosis [26-28].
The anti-apoptotic protein bcl-2 and pro-apoptotic protein bax are main members of bcl-2
family, that critical in the regulation of apoptosis [29]. In this study, the expression of bcl-2
was inhibited and the level of bax was increased
by FA-BSA treatment, however, the changes of
bcl-2 and bax were significantly reversed by
fenofibrate, these observations explained reasonably on how fenofibrate protected HK-2
cells from FA-BSA induced apoptosis.
The main function of PPARα in proximal tubules
is to regulate the metabolism of fatty acids
[30]. PPARα-null mice injecting with fatty acids
bound albumin exhibited greater tubular injury
than wild type mice suggesting a protective role
of PPARα in fatty acids associated tubular toxicity [9]. Recently, Takahashi et al. [31] described
a renoprotective effect of fibrates, also a PPARα
agonist, in fatty acid-induced tubule toxicity by
the counteraction of PPARα deterioration. We
found in the present study that, FA-BSA overload resulted in a dramatic reduced of PPARα
expression, whereas, it was significantly
restored by fenofibrate treatment. Thus, fenofibrate may protect renal from fatty acid induced
injury by the activation of PPARα transcription.
Further more, a in vitro study found that PPARα
mitigated cardiomyocyte hypertrophy by the
inhibition of NF-kB activation [32]. In our study,
the activated NF-kB signal induced by FA-BSA
overload was significantly suppressed by fenofi-
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brate, these results were partly consistent with
previous study showing that fenofibrate
reduced tubulointerstitial fibrosis and inflammation by the inhibition of NF-kB [33].
In conclusion, our study described a protective
role of fenofibrate in fatty acid bound albumin
induced inflammation, oxidative stress and
apoptosis of human proximal tubule epithelial
cells. Moreover, the renoprotective effect of
fenofibrate is associated with the activation of
PPARα transcription and NF-kB suppression.
These results extended our previous observations and suggest a novel therapeutic strategy
for preventing the progression of CKD.
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