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Background: Palmitate, a common saturated free fatty acid, is increased in patients with diabetic nephropathy (DN). Excessive
palmitate in kidney is known to cause proteinuria and fibrosis. Several studies have demonstrated that pacli-
taxel has anti-fibrotic and anti-inflammatory effects on kidney disease. However, whether paclitaxel can re-
lieve podocyte injury is unclear.

Material/Methods: Immortalized mouse podocytes were used as an in vitro system. Palmitate was used to induce podocyte injury.
Podocytes were divided into 4 groups: bovine serum albumin, palmitate, palmitate+1 nM paclitaxel, and pal-
mitate+5 nM paclitaxel. The effects of paclitaxel on palmitate-induced podocyte injury were analyzed by west-
ern blot and real-time PCR. Intracellular reactive oxygen species (ROS) generation and podocyte cytoskeletons
were analyzed using CM-H2DCF-DA and phalloidin staining.

Results: Paclitaxel restored downregulated expression of nephrin and synaptopodin and upregulated VEGF expression
after injury induced by palmitate. Remarkably, palmitate-induced actin cytoskeleton rearrangement in podo-
cytes was repaired by paclitaxel. Four endoplasmic reticulum stress markers, ATF-6c, Bip, CHOP, and spliced
xBP1, were significantly increased in palmitate-treated podocytes compared with control podocytes. Such in-
creases were decreased by paclitaxel treatment. Palmitate-induced ROS generation was ameliorated by pacli-
taxel. Elevated Nox4 expression was also improved by paclitaxel. Paclitaxel alleviated the expression levels of
the antioxidant molecules, Nrf-2, HO-1, SOD-1, and SOD-2. The paclitaxel effects were accompanied by inhibi-
tion of the inflammatory cytokines, MCP-1, TNF-c, TNF-R2, and TLR4, as well as attenuation of the apoptosis
markers, Bax, Bcl-2, and Caspase-3. Furthermore, paclitaxel suppressed the palmitate-induced fibrosis mole-
cules, fibronectin and TGF-B1.

Conclusions: This study suggests that paclitaxel could be a therapeutic agent for treating palmitate-induced podocyte inju-
ry in DN.
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Material and Methods

High accumulation of saturated free fatty acid (FFA) is one of
various mechanisms that lead to type 2 diabetes and dyslip-
idemia. Palmitate is abundant in human plasma [1]. Levels of
palmitate in those with type 2 diabetes are fourfold higher
than those in normal adults [2]. FFA level is a major factor in
chronic kidney disease (CKD), diabetes mellitus (DM) and obe-
sity [3-6]. Excess FFA in the kidney contributes to podocyte
damage through lipotoxicity pathways [7,8]. Palmitate causes
inflammation, reactive oxygen species (ROS), endoplasmic re-
ticulum (ER) stress, apoptosis, and actin cytoskeleton chang-
es [7,9-11]. Previous studies have demonstrated that palmi-
tate can induce podocyte injury, lead to glomerular damage,
and increase proteinuria [5,10,12].

Podocytes are terminally differentiated epithelial cells of the
glomerulus, and are components of the glomerular filtration
barrier [13]. Each podocyte is composed of a cell body, ma-
jor process, and foot processes. Podocytes also have special-
ly slit diaphragms that function as intercellular junctions [14].
Podocyte damage is a key factor in glomerulosclerosis, and
loss of podocytes can lead to proteinuria [15-17].

Paclitaxel, first extracted from the bark of the Taxus brevifolia
tree, is the most important anti-cancer drug for breast, ovar-
ian, stomach, and lung cancers [18]. Paclitaxel can stabilize
microtubule polymers and interfere with microtubule disas-
sembly, resulting in cell cycle arrest at the GO/G1 and G2/M
phases, and cell death [19,20]. Recently, studies have shown
that low-dose paclitaxel and high-dose paclitaxel exert their
effects via different mechanisms [21]. Low-dose paclitaxel has
effects on renal fibrosis and hepatic fibrosis through inhibi-
tion of TGF-B1/smad signaling [22,23]. In lipopolysaccharide
(LPS)-induced acute lung injury and kidney injury models, pa-
clitaxel has anti-inflammatory effects [24,25]. Moreover, low-
dose paclitaxel can regenerate axons without causing injury
to retina cells in rats [26]. Furthermore, paclitaxel has thera-
peutic effects for various non-cancer diseases.

Several studies have reported the effect of paclitaxel on kidney
disease, using models including progressive glomerular dam-
age and interstitial fibrosis using unilateral ureteral obstruc-
tion (UUO), remnant kidney model, and LPS-induced kidney
injury model [27-30]. However, both the mechanism and the
role of paclitaxel in kidney protection remain unclear.

Therefore, the objective of the present study was to investi-
gate the therapeutic effect of paclitaxel on palmitate-induced
podocyte injury. We found that paclitaxel had a therapeutic
effect on palmitate-induced podocyte injury.
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Cell line and reagents

Conditionally immortalized mouse podocytes (kindly provided
by Dr. Peter Mundel) [31] were propagated in collagen | (Sigma-
Aldrich, St. Louis, MO, USA)-coated dishes. We used culture me-
dia composed of low glucose (5.5 mM) Dulbecco’s modified
Eagle’s medium (Gibco, NY, USA) supplemented with 10% fetal
bovine serum (FBS) (Gibco) or 5% FBS, 100 U/ml penicillin and
100 pg/ml streptomycin, at 2 different temperatures. At 33°C,
podocytes were allowed to proliferate in the presence of 10 U/
ml mouse recombinant interferon-y (IFN-y) (Sigma-Aldrich, St.
Louis, MO, USA) to increase the expression of a thermosensi-
tive T antigen. For the induction of differentiation, podocytes
were cultured without IFN-y for 14 days at 37°C.

Palmitate (Sigma-Aldrich) was used in conjugating fatty acid-
free bovine serum albumin (BSA) (Sigma-Aldrich). We referred
to the conjugating method of palmitate and BSA in a previ-
ously published paper [10]. Briefly, palmitate was dissolved in
autoclaved distilled water and conjugated with 10% BSA. The
cultured mouse podocytes were starved under serum-deprived
conditions for 24 h [7] and treated with palmitate (300 pM)
with or without paclitaxel (Sigma-Aldrich). The drug concen-
trations were 1 nM and 5 nM. Podocytes were treated with
palmitate for 18 h or 24 h.

Measurement of reactive oxygen species generation

The amount of ROS from differentiated podocytes was mea-
sured using 2’-7’ dichlorofluorescein diacetate (CM-H2DCF-DA,
Invitrogen, New York, NY, USA). Briefly, after cells were treat-
ed with 10 uM CM-H2DCF-DA at 37°C for 30 min, cells were
washed. Representative images and fluorescence intensity
were analyzed using an LV10i inverted confocal microscope
(Olympus, Tokyo, Japan) at a wavelength of 490 nm.

Assay for cell viability

To test for cell viability, we used the [3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl- tetrazolium bromide] MTT (Sigma-Aldrich,
St. Louis, MO, USA) colorimetric assay. Differentiated podo-
cytes were seeded into 24-well plates. After serum depriva-
tion at 37°C for 24 h, podocytes were incubated with MTT (10
mg/ml) at 37°C for 4 h. After removing the supernatant, 130 pL
dimethylsulfoxide (DMSO) was added to each well. After re-
action for 20 min, the absorbance at 590 nm was measured
on a microplate enzyme-linked immunosorbent assay (ELISA)
reader (VICTOR™, X3, PerkinElmer, Seoul, Korea).
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Table 1. Sequences of primers used in this study.

) F 5’-GAG GAG GAT CGA ATC GAA TCA GGA A-3’
S R 5-GGT CCACTTCTG CTGTGC TA-Y
R 5.GTC GCG CTG GTC TIC GAACTG-3
TNER2 R 5.GGT ATA CAT GCT TGC CTC ACAGTC-3'
o 5.TCC CAG GTT CTC TTC TCT TCAAGG GA-3
e R 5".GGT GAG GAG CACGTAGTCGG-3
N 5"AAA AAT ATC ACA CAC TGA ATT CGAGACT-3'
oxd R 5.TGG GTC CACAGC AGAAAACTC-3'
"""""" ~ F  5ACTGGGGACCACCTATTCC-¥
o R 5"AGG AGT GAAGGC CACATACG-3
e 5'.CAC CAC ACCTGA AAG CAG AA-3
croP R 5.ATC CTCATACCAGGCTTCCAY
e 5.TGAGTC CGCAGCAGGTG-3
SPUICEA XBP L ool
R 5’-GCA GAC TCT GGG GAA GGA C-3’
N 5.CTG GAT CGG AAC CAAATG AG3
Meet R 5.CGG GTC AACTIC ACATTC AAY
e 5.ATCGTG CTC GCATGAACACT-¥
Ho-t R 5.CCAACACTG CAT TTACATGG-3
N 5.GCG TCATTC ACT TCG AGCAGA-3*
200 R 5.GGACCGCCATGTTTICTIAGAG T3
e 5AGCCTC CCTGAC CTG CCTTA3
2002 R 5.CGCCTCGTGGTACTTCTC CT-3
e 5.CCG CTTTCACCTCTG CCTTCAC-3
T R 5"ACC ACAATAACCTTC CGG CTCTTG-3
et F . SGOACCOATGTGGGTY
R 5’-CTT CTC CAT GTC GTC GTC CCA GT-3’

Protein extraction and western blot

Podocytes were seeded onto 100 mm? cell culture plates, cul-
tured, washed with cold phosphate buffered saline (PBS),
and lysed with pro-prep (iNtRON, Seongnam-Si, Korea) con-
taining a protease inhibitor cocktail (Roche Diagnostic GmbH,
Mannheim, Germany). All cell lysates were quantified using the
Bradford assay (Bio-Rad, Hercules, CA, USA) with BSA used as
the standard. Equal amounts of proteins were separated by
SDS-PAGE. The transferred membrane with the proteins was
blocked with 5% nonfat dry milk at room temperature for 1
h and incubated with primary antibodies at 4°C overnight. To
test ER stress, ROS, inflammation, apoptosis, and fibrosis, the
membrane was incubated with primary antibodies against ATF-
60 (Santa Cruz Biotechnology, Inc, Santa Cruz, CA, USA), Bip
(Cell Signaling Technology, Danvers, MA, USA), TNF-R2 (Santa
Cruz Biotechnology, Inc), TLR-4 (Santa Cruz Biotechnology, Inc),

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€928265-3

Nox4 (Santa Cruz Biotechnology, Inc), caspase-3 (Santa Cruz
Biotechnology, Inc), Bax (Santa Cruz Biotechnology, Inc), Bcl-2
(Santa Cruz Biotechnology, Inc), fibronectin (Dako, an Agilent
Technologies company, Carpinteria, CA), TGF-f1 (Santa Cruz
Biotechnology, Inc), nephrin (Progen Biotechnik, Heidelberg,
Germany), VEGF (Invitrogen Corporation, Carlsbad, CA, USA),
synaptopodin (Synaptic Systems, Gottingen, Germany), and
B-actin (Santa Cruz Biotechnology, Inc). After incubating with
horseradish peroxidase-conjugated secondary antibodies
against mouse (Promega Corporation, Madison, WI, USA),
rabbit (Invitrogen), pig (Santa Cruz Biotechnology, Inc), and
goat (Everest Biotech Ltd, Oxfordshire, UK) at room tempera-
ture for 3 h, the band was visualized with a ChemiDoc™ XRS+
(Biochemicals and Radiochemicals, Bio-Rad, Hercules, CA, USA)
imaging system using electrochemiluminescent spray (Advansta,
San Jose, CA, USA). The densities of the bands were analyzed
using Image Labs (Bio-Rad Laboratories).
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Figure 1. Effect of palmitate and paclitaxel on cell viability based on MTT assay. Cell viability was determined by MTT assay. (A) Mouse
podocyte cells were incubated with 2 different concentrations of palmitate (300 pM and 400 uM) for 24 h. (B) Mouse
podocyte cells were incubated with paclitaxel for 24 h at concentrations of 0-40 pM. IC50=22.7 pM. Error bars represent
the mean+SEM (n=5). BSA — bovine serum albumin; PA — palmitate; PTX — paclitaxel. ** P<0.01 compared with control,

*** P<0.001 compared with control.

Immunofluorescence for visualizing the actin cytoskeleton

Differentiated mouse podocytes were grown on coverslips
with collagen coating, washed with PBS, and fixed with 3.7%
paraformaldehyde in PBS at room temperature for 10 min.
Podocytes were permeabilized with 0.2% Triton X-100 for 5
min, blocked with 1% BSA at room temperature for 1 h, and in-
cubated with primary antibody against FITC-phalloidin (Sigma-
Aldrich) at 4°C overnight. Coverslips with seeded podocytes
were washed with PBS for 5 min and then stained with 4’-6-di-
amidino-2-phenylindole (DAPI) containing Vectashield mount-
ing solution (Vector Laboratories, Burlingame, CA, USA). Actin
cytoskeleton images were captured using an LV10i inverted
confocal microscope (Olympus, Tokyo, Japan). To quantitative-
ly analyze podocyte regeneration, we conducted Line receiv-
er operating characteristic (ROC) analyses of the fluorescence
intensity for each picture [10]. The area under the receiver op-
erating characteristics curve (AUC) graph was quantified us-
ing the Image) program (developed at the National Institutes
of Health; NIH, Bethesda, MD, USA) and the Laboratory for
Optical and Computational Instrumentation (LOCI, University
of Wisconsin, Madison, WI, USA).

RNA extraction and real-time quantitative PCR

According to the manufacturer’s instructions, total RNA was ex-
tracted from mouse podocytes using TRIzol (Ambion Inc, Austin,
TX, USA). cDNA was prepared from 1 pg of total RNA using
a ReverTra Ace qPCR RT master mix (Toyobo, Osaka, Japan).
Quantitative real-time PCR was conducted using SYBR Green
PCR master mix (TOYOBO, San Jose, CA, USA) and analyzed with
the CFX connect real-time system (Bio-Rad, Hercules, CA, USA).
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The mRNA expression of podocyte markers, ER stress markers,
antioxidant markers, and inflammatory cytokines was quantita-
tively analyzed by quantitative real-time PCR using sequence-
specific mouse primers (Table 1). B-actin was used as house-
keeping gene. Data were analyzed via the 2-AACt method.

Statistical analysis

All experiments were repeated at least 3 times under the same
conditions (n=3-5). The data were expressed as mean+standard
error of the mean (SEM). The results were analyzed using
one-way analysis of variance (ANOVA) for multiple compari-
sons among the multiple groups and the post-hoc Newman-
Keuls test. Differences with values of P<0.05 were consid-
ered significant.

Results

Cytotoxicity effects of paclitaxel and palmitate

The cytotoxicity levels of palmitate and paclitaxel were de-
termined using MTT assay. Palmitate at 400 pM had signifi-
cant toxic effects on podocytes (Figure 1A). Therefore, 300 pM
palmitate was used to induce podocyte injury. As shown in
Figure 1B, 100nM paclitaxel resulted in significant toxic effects
on mouse podocyte cell viability. However, paclitaxel showed
no cytotoxicity to podocytes at 1 nM and 5 nM concentration.
The 50% growth inhibitory concentration (IC50) value for pa-
clitaxel was 22.7 pM.
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Figure 2. Effect of paclitaxel treatment on palmitate-induced podocyte damage. Mouse podocyte cells were treated with 300 uM
palmitate with or without paclitaxel for 24 h. (A) Western blots and densitometry for nephrin, synaptopodin, and VEGF.
(B) Real-time PCR for nephrin and VEGF was normalized by B-actin mRNA level in the same sample. (C) FITC-phalloidin
staining showing F-actin. Arrows indicate reorganization of F-actin. Line ROC analyses of the fluorescence intensity for each
picture are shown at the bottom. Quantification was performed as in [10]. (D) Area under the curve analysis of the results
shown in (C). Error bars represent the mean+SEM (n=3). Magnification 40x; bar=60 pm. BSA — bovine serum albumin;
PA — palmitate; PTX — paclitaxel: ROC - receiver operating characteristic. * P<0.05, ** P<0.01, *** P<0.001 compared with

palmitate.

Paclitaxel ameliorates palmitate-induced podocyte damage

The expression of nephrin and synaptopodin was decreased
in palmitate-treated podocytes compared with BSA-treated
control podocytes. However, expression was increased in pa-
clitaxel-cotreated podocytes. Upregulation of VEGF expres-
sion in palmitate-treated podocytes was restored by paclitax-
el-cotreated podocytes (Figure 2A). Similarly, downregulated
expression of nephrin mRNA and upregulated expression of
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VEGF mRNA in palmitate-treated podocytes were recovered
by paclitaxel (Figure 2B). To confirm the effect of paclitaxel
on the actin cytoskeleton, we observed structural changes in
F-actin in palmitate-treated podocytes with or without pacli-
taxel. The results showed podocyte rearrangement caused by
palmitate. However, paclitaxel-cotreated podocytes recovered
these changes compared with the control (Figure 2C, 2D). To
measure fluorescence intensity, we used line ROC analysis.
The BSA-treated cells had well-arranged fluorescence intensity
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Figure 3. Effect of paclitaxel on palmitate-induced ER stress. Podocytes were treated with 300 pM palmitate with or without paclitaxel
for 24 h. (A) Western blots (top) and densitometry (bottom) for ATF-6c. and Bip. (B) Real-time PCR for CHOP, spliced XBP1,
and Bip was normalized by B-actin mRNA level in the same sample. Error bars represent the mean+SEM. (n=3). BSA — bovine
serum albumin; PA — palmitate; PTX — paclitaxel. * P<0.05, ** P<0.01, *** P<0.001 compared with palmitate.

around stress fibers in the cytosol. The palmitate-treated cells
showed high fluorescence intensity in the cortical region, but
the paclitaxel-treated cells showed fluorescence intensity sim-
ilar to that in the BSA-treated cells.

Paclitaxel reduces palmitate-induced endoplasmic
reticulum stress

To test the effect of paclitaxel on ER stress, we measured ER
stress markers. Expression levels of ATF-6c and Bip were in-
creased in palmitate-treated podocytes compared with those
in the BSA-treated control (Figure 3A). However, paclitaxel-co-
treated podocytes showed reduced expression of ATF-6c. and
Bip (paclitaxel at 1 nM and 5 nM). Palmitate increased mRNA
levels of CHOP, spliced XBP1, and Bip. Such increases were im-
proved by paclitaxel (Figure 3B).

Paclitaxel ameliorates palmitate-induced reactive oxygen
species and restores antioxidant molecules

ROS is a factor in podocyte damage and degeneration in CKD.
To test the effect of paclitaxel on ROS generation, we measured
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ROS using CM-H2DCF-DA. As shown in Figure 4B and 4C, palmi-
tate increased intracellular ROS accumulation whereas paclitax-
el ameliorated ROS generation. To determine whether palmitate-
induced ROS generation was associated with NADPH oxidase
(NOX), we analyzed Nox4 expression using western blot. Nox4
was significantly increased in palmitate-treated podocytes com-
pared with BSA-treated control podocytes. This increase was ef-
fectively attenuated by paclitaxel (Figure 4A). We checked the ef-
fect of paclitaxel on antioxidant molecules via palmitate-induced
downregulation of Nrf-2. Such downregulation was recovered by
paclitaxel (Figure 4A). Total mRNA expression levels of HO-1, SOD1,
and SOD2 were decreased in palmitate-treated podocytes. Such
decreases were significantly restored by paclitaxel (Figure 4D).

Paclitaxel attenuates palmitate-induced inflammation

To assess the effect of paclitaxel on inflammation, we inves-
tigated the expression of inflammation molecules. In the pal-
mitate-treated podocytes, mRNA levels of TNF-oc and MCP-1
were increased compared with those in the BSA-treated con-
trols. Such increases were significantly attenuated in paclitax-
el-cotreated podocytes (Figure 5A). Palmitate-induced TLR4
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Figure 4. Effect of paclitaxel on palmitate-induced reactive oxygen species and antioxidant molecules. (A) Western blot (left) and
densitometry (right) showing Nox4 and Nrf-2 expression. Error bar represents the mean+SEM (n=3) (B) Representative
images of palmitate-induced dichlorofluorescein fluorescence (DCF). Podocytes were treated with 300 pM palmitate with
or without paclitaxel for 18 h, and 10 pM of CM-H2DCF-DA was used for treatment at 37°C for 30 min. Bar=200 pm.

(€) Histogram analysis of the results shown in (B). Error bar represents the mean+SEM (n=5). (D) Real-time PCR of HO-1,
SOD-1, and SOD-2 was normalized by B-actin mRNA level in the same sample. Error bar represents the mean+SEM (n=3).
BSA - bovine serum albumin; PA - palmitate; PTX — paclitaxel. * P<0.05, ** P<0.01, *** P<0.001 compared with palmitate.

and TNF-R2 protein and mRNA expression levels were also re-
stored by paclitaxel (Figure 5B).

Paclitaxel recovers palmitate-induced apoptosis and
fibrosis molecules

To investigate the effect of paclitaxel on apoptosis, we performed
western blot analysis. Expression levels of bax and caspase-3
proteins were increased by palmitate but decreased by paclitax-
el. Bcl-2 was downregulated by palmitate. Such downregulation
was recovered by paclitaxel (Figure 6A). To assess the effect of
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paclitaxel on palmitate-induced fibrosis, TGF-B1 and fibronectin
levels were evaluated using western blot. As shown in Figure 6B,
levels of these proteins in palmitate-treated podocytes were in-
creased compared with those in BSA-treated controls. However,
TGF-B1 and fibronectin were downregulated by paclitaxel.

Discussion

CKD is caused by glomerular damage with diabetic nephrop-
athy (DN) [2-4]. Sun et al. have reported that the progression
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Figure 5. Effect of paclitaxel on palmitate-induced inflammation. Podocytes were treated with 300 pM palmitate with or without
paclitaxel for 24 h. (A) Real-time PCR of MCP-1 (top) and TNF-o (bottom) were normalized by B-actin mRNA level in the same
sample. Error bar represents the mean+SEM (n=4). (B) TNF-R2 and TLR4 mRNA was normalized by B-actin mRNA level in
the same sample. Western blots, densitometry (top, n=3) and mRNA expression are shown (bottom, n=4). Bar represent the
mean+SEM. BSA - bovine serum albumin; PA — palmitate; PTX — paclitaxel. ** P<0.01, *** P<0.001 compared with palmitate.

of renal disease associated with 5/6 nephrectomy [22], a well-
known CKD model, is protected by paclitaxel; paclitaxel there-
fore plays important roles in kidney protection. Paclitaxel, one
of many cancer-targeting drugs, has also emerged as a treat-
ment for kidney fibrosis and proteinuria [22]. Zhang et al. [24,29]
have reported that paclitaxel exerts its effects in UUO mod-
els by inhibiting TGF-f1/smad signaling and STAT3 signaling.
Paclitaxel has effects on nephrectomy models and UUO mod-
els of CKD. In paclitaxel studies of kidney disease, there are
still only CKD models and inflammation-related LPS-induced
models. However, the efficacy and mechanism of paclitaxel
have not been reported for DN. In this study, we investigated
the effect of paclitaxel on podocyte injury in DN.

Martinez-Garcia et al. [7] reported that VEGF expression is upregu-
lated in podocytes damaged by palmitate. Chavez-Tapia et al. [32]
have demonstrated that VEGF expression is increased in hepat-
ic cells cotreated with palmitic and oleic acids. Similarly, our re-
sults showed that the expression of VEGF was increased in pal-
mitate-treated podocytes. Paclitaxel-cotreated podocytes showed
improved VEGF expression. It has been reported that nephrin
gene expression is impaired in palmitate-treated podocytes [7].
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Consistently with this result, our results also showed that pal-
mitate treatment damaged the slit diaphragm protein nephrin.
Sun et al. [33] have shown that palmitate can decrease synap-
topodin in podocytes. We also observed lowered expression of
synaptopodin after palmitate treatment. However, paclitaxel im-
proved its expression. Our results also showed that palmitate
caused changes in the actin cytoskeleton which rearranged fo-
cal adhesion to the parietal site. However, paclitaxel minimized
this remodeling of the actin cytoskeleton caused by palmitate.

We investigated ER stress associated with lipid accumulation
in podocytes. Madhusudhan et al. [34] have shown that ER re-
sponses associated with ATF-6a, CHOP, and spliced XBP1 sig-
naling are increased in DN. Xu et al. [10] have demonstrated
that palmitate-treated podocytes not only show increased lev-
els of the ER stress markers, CHOP and GRP78, but also show
upregulated CHOP, phosphorylated elF2a, phosphorylated
PERK, and spliced XBP1. Our results also showed that palmi-
tate-treated podocytes had increases in ER stress markers, in-
cluding ATF-60., Bip, CHOP, and spliced XBP1. However, pacli-
taxel markedly restored these ER stress markers.
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Figure 6. Effect of paclitaxel on palmitate-induced apoptosis and fibrosis molecules. Podocytes were treated with 300 pM palmitate
with or without paclitaxel for 18 h. (A) Western blot (top) and densitometry (bottom) for Bax, Caspase-3, and Bcl-2
demonstrating that palmitate-induced apoptosis was restored by paclitaxel. (B) Western blot (top) and densitometry (bottom)
for fibronectin and TGF-B1, estimating that palmitate-induced apoptosis was restored by paclitaxel. Error bars represent the
mean+SEM (n=3). BSA — bovine serum albumin; PA — palmitate; PTX — paclitaxel. *** P<0.001 compared with palmitate.

Palmitate is known to increase ROS levels in db/db (diabet-
ic dyslipidemia) mouse podocytes [35]. Han et al. [36] have
demonstrated that NADPH oxidase 4 (Nox4) and ROS produc-
tion are increased in palmitate- and glucose-cotreated adipo-
cytes. Excess palmitate can induce endothelial dysfunction by
Nox4 in human umbilical vein endothelial cells. Our results
showed that ROS production and Nox4 upregulation in palmi-
tate-treated podocytes were decreased in paclitaxel-cotreated
podocytes. Furthermore, antioxidant molecules such as Nrf-2,
HO-1, SOD1, and SOD2 were decreased in palmitate-treated
podocytes whereas paclitaxel restored them.

Inflammatory markers such as MCP-1 and TNF-a. are upregulat-
ed in high glucose-treated podocytes and other tissues [37,38].
Expression levels of IL-6, MCP-1, TNF-a, and TLR-4 are increased
in palmitate-treated podocytes [7]. Our results showed that lev-
els of TNF-a,, MCP-1, and TLR-4 associated with inflammation
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were activated by palmitate. Levels of these same molecules
were recovered by paclitaxel treatment.

Retinal pericytes and insulinoma cells treated with palmitate
show upregulation of apoptosis. Palmitate not only increases
Bax and caspase-3 expression, but also decreases Bcl-2 expres-
sion [39-41]. Our results confirmed that increases in Bax and
caspase-3 protein in palmitate-treated podocytes were ame-
liorated by paclitaxel. In addition, paclitaxel recovered Bcl-2
protein decreases induced by palmitate.

Palmitate is known to induce cell apoptosis, but also to acti-
vate fibrotic molecules in cardiac h9c2 cells [39]. Collagen |, a-
SMA, and fibronectin are increased in podocytes in DN [42,43].
Our results demonstrated that palmitate stimulation enhanced
fibronectin and TGF-B1 expression in podocytes while pacli-
taxel significantly restored the expression of these molecules.
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Conclusions

Our results suggest that paclitaxel can ameliorate podocyte
injury by improving ER stress, oxidative stress, inflammation,
and fibrosis as well as by improving the actin cytoskeleton.
Therefore, paclitaxel might be a novel therapeutic target for DN.
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