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Abstract: Cisplatin is one of the most potent cytotoxic drug for the treatment of many types of cancer. However, the
side effects on normal tissues, particularly on the kidney, greatly limited its use in clinic. Emerging evidence dem-
onstrated that cisplatin could directly cause mesangial cell apoptosis, while the potential mechanism is still elusive.
Here we examined the contribution of COX-2 in cisplatin-induced mesangial cell apoptosis. Firstly, we found cisplatin
induced cell apoptosis in mesangial cells shown by increased number of apoptotic cells in parallel with the up-
regulation of Bax and the downregulation of Bcl-2. Interestingly, cisplatin-induced cell apoptosis was accompanied
by an upregulation of COX-2 at both mRNA and protein levels in dose- and time-dependent manners. Importantly,
inhibition of COX-2 via a specific COX-2 inhibitor celecoxib markedly blocked cisplatin-induced mesangial cell apop-
tosis as evidenced by the decreased number of apoptotic cells, blocked increments of cleaved caspase-3 and Bax,
and reversed Bcl-2 downregulation. Meanwhile, cisplatin-induced PGE2 production was markedly blocked by the
treatment of celecoxib. In conclusion, this study indicated that COX-2/PGE2 cascade activation mediated cisplatin-
induced mesangial cell apoptosis. The findings not only offered new insights into the understanding of cisplatin
nephrotoxicity but also provided the therapeutic potential by targeting COX-2/PGE2 cascade in treating cisplatin-
induced kidney injury.
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Introduction 1B (IL-1B), cyclooxygenase-2 (COX-2) can be
seen in renal tubular cells in vivo and in vitro [7,
8]. In the previous studies, the most attention
was paid to renal tubular cells but not other
cell types of kidney. In consideration of a glo-
bal toxicity of cisplatin, it is definitely worthwhile
to keep an eye on the injury occurred in other

Kidney cells in cisplatin nephrotoxicity model.

Cis-diamminedichloroplatinum (cisplatin), an
inorganic molecule, is one of the most effec-
tive chemotherapeutic agents and is widely
used in the treatment of a number of carcino-
mas [1-4]. The clinical use of cisplatin, however,
is limited by myelotoxicity, nephrotoxicity, and
intestinal toxicity. Nephrotoxicity is a frequent

adverse effect incisplatin-treated patients sh- Prostaglandin E2 (PGE2), a major product of

own by the decline of renal function and mor-
phological damage [3, 5].

In kidneys, cisplatin preferentially accumulates
in renal tubular cells causing tubular cell injury
and death, resulting in acute kidney injury (AKI)
[6]. Cisplatin could trigger the inflammatory re-
sponse in renal tubular cells. For example, the
induction of inflammatory mediators including
tumor necrosis factor alpha (TNF-«), interleukin-

arachidonic acid (AA) metabolism, has an es-
tablished role in mediating pain and inflamma-
tory response [9, 10]. The biosynthesis of PGE2
requires three sequential steps: the release
of AA from membrane glycerophospholipids by
phospholipase A2, the conversion of AA to the
unstable intermediate PGH2 by COX-1 or COX-
2, and the isomerization of PGH2 to PGE2 by
prostaglandin E synthase (PGES) [11, 12]. COX-
2, an inducible form of COX, plays important
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roles in the pathogenesis of inflammatory dis-
eases [13]. Resent evidence showed that cis-
platin-induced renal injury can be ameliorated
by selective COX-2 inhibitors [13, 14]. A study
from our group also demonstrated that cisplat-
in nephrotoxicity could beat tenuated by gene-
tic or pharmacologic blockade of prostagland-
in synthesis [10]. However, the role of COX-2/
PGE2 cascade activation in cisplatin-induced
mesangial cell injury was not defined. In the
present study, employing a special inhibitor of
COX-2 and mesangial cells, we investigated
the activation and contribution of COX-2/PGE2
cascade in mesangial cell apoptosis induced
by cisplatin.

Materials and methods
Materials

Cisplatin was bought from Sigma-Aldrich. Dul-
becco’s modified Eagle’s medium (DMEM), fe-
tal bovine serum (FBS), penicillin-streptomy-
cin, and trypsin solution (EDTA) were bought
from Gibco (Invitrogen, Grand island, NY). COX-
2 antibody (mouse, monoclonal) was bought
from Cayman Chemicals (Ann Arbor, Ml). The
antibodies against caspase-3 (rabbit, mono-
clonal), cleaved caspase-3 (rabbit, monoclo-
nal), Bax (rabbit, monoclonal), Bcl-2 (rabbit,
monoclonal), and GAPDH antibody were pur-
chased from Cell Signaling Technology (Dan-
vers, MA). The PGE2 enzyme immunoassay
kit was provided by Cayman Chemicals (Ann
Arbor, MI). COX-2 inhibitor (celecoxib) was from
Sigma-Aldrich.

MC culture

A mouse mesangial cell (MC) line HBZY-1 was
obtained from the China Center for Type Culture
Collection (CCTCC Wuhan, China). Cells were
cultured in Dulbecco’s modified Eagle’'s me-
dium (DMEM, Gibco) supplemented with 10%
fetal bovine serum (FBS; Gibco), penicillin (100
U/ml) and streptomycin (100 pg/ml), and main-
tained at 37°C in a humidified 5% CO, atmos-
phere.

Reverse transcription and quantitative real-
time PCR (qRT-PCR)

Total RNA was isolated from MCs following

the manufacturer’s instruction. In brief, 1 pg of
RNA was reverse-transcribed in a 20 pL sys-
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tem using Revert Aid TM First Strand cDNA Sy-
nthesis Kit (Takara, DalLian). Subsequently, 1
ML complementary DNA was used as the tem-
plate and qRT-PCR was performed using SYBR
Green master mix (Vazyme) and 7500 Real-
Time PCR System (Applied Biosystems, Foster
City, CA, USA). The relative mRNA expression
levels were calculated using a AACt method.
The amount of mRNA for each gene was stan-
dardized with the internal control GAPDH. Each
treatment group was compared with the con-
trol group to show the relative mRNA level.
The sequences of primers were as follows:
GAPDH forward 5-TCATGGATGACCTTGGCCAG-
3’ and reverse 5-GTCTTCACTACCATGGAGAA-
GG-3’; COX-1 forward 5-CATTGCACATCCATCC-
ACTC-3’ and reverse 5-CCAAAGCGGACACAG-
ACAC-3’; COX-2 forward 5-AGGACTCTGCTCA-
CGAAGGA-3’; and reverse 5-TGACATGGATTG-
GAACAGCA-3'.

Western blotting analysis

MCs were lysed using the protein lysis buffer
containing 50 mM Tris, 150 mM NaCl, 10 mM
EDTA, 1% Triton X-100, 200 mM sodium fluo-
ride, and 4 mM sodium orthovanadate, as a
protease inhibitor (pH 7.5). Immunoblotting
was then performed using primary antibodies
against COX-2 (1:1000), Caspase-3 (1:1000),
Cleaved caspase-3 (1:1000), Bax (1:1000),
Bcl-2 (1:500), and GAPDH (1:1000), followed
by the addition of HRP-labeled secondary anti-
bodies. Protein bands were visualized using
ECL Plus Western blotting detection reagents
(Millipore, Bedford, MA, USA). Each blot was
a representative of three independent experi-
ments and band intensity was measured using
Image J software (NIH, Bethesda, MD, USA).

Annexin V/PI double staining

Cells were incubated for 24 h with cisplatin,
celecoxib separately or in combination. Apop-
totic cells were identified by the AnnexinV-FITC
Apoptosis Detection kit (Vazyme) in accordan-
ce with the manufacturer’s instructions. Flow
cytometric analysis was performed immedi-
ately after supravitally staining.

Enzyme immunoassay (EIA)

The cell culture medium was centrifuged for 5
minutes at 10,000 rpm. The concentration of
PGE2 was determined by enzyme immunoas-
say according to manufacturer’s instructions
(Cayman Chemicals).
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Figure 1. The effect of cisplatin on the mRNA expression of COX-1 and COX-2
in mesangial cells. A, B. qRT-PCR was used to measure the mRNA expression
of COX-1 in mesangial cells after cisplatin treatment. The dose- and time-de-
pendent experiments were performed, respectively. C, D. qRT-PCR was used
to determine the mRNA level of COX-2 in mesangial cells following cisplatin
treatment. The dose- and time-dependent experiments were performed, re-
spectively. In time-dependent studies, the MCs were treated with cisplatin at
a dose of 40 yM. N=3-4 for each group. *P<0.05 vs. control; **P<0.01 vs.
control; ***P<0.001 vs. control.

Mesangial cell

Cisplatin(uM)
DMSO 20 40 60 kDa

Coxp Wy ey s S
GAPDH 4D 4D 4D D :7

COX-2/GAPDH @

©

Cisplatin(uM)

C D Mesangial cell
i i 6
Cisplatin z
Oh 12h 24h 48h kDa %,
a
COX-2 e e W SR 71 3
02
o

GAPDH " S . a— 37

O O
L

Cisplatin

Figure 2. The effects of cisplatin on the protein levels of COX-1 and COX-2
in mesangial cells. A, B. Cisplatin treatment increased the protein expres-
sion of COX-2 in a dose-dependent manner in mesangial cells determined
by Western blotting. C, D. Cisplatin treatment increased the protein expres-
sion of COX-2 in a time-dependent manner in mesangial cells determined by
Western blotting. N=3-4 for each group. *P<0.05 vs. control; **P<0.01 vs.
control; ***P<0.001 vs. control.
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Statistical analysis

Data are presented as means
+ SD. Statistical analysis was
performed using ANOVA anal-
ysis followed by a Bonferroni
posttest. P<0.05 was consid-
ered statistically significant.

Results

Cisplatin enhanced the ex-
pression of COX-2 in MCs

It had been reported that
cisplatin could upregulate the
expression of COX-2 in renal
tubular cells [15, 16]. How-
ever, whether cisplatin could
enhance the expression of
COX-2 in MCs is still un-
known. Here we examined
the expression of COX-1 and
COX-2 in MCs challenged
with cisplatin. As shown in
Figure 1C, 1D, cisplatin treat-
ment strikingly elevated COX-
2 mRNA expression in dose-
and time-dependent man-
ners. However, the express-
ion of COX-1 was unaltered
following cisplatin treatment
(Figure 1A, 1B). Next, we fur-
ther examined COX-2 protein
expression by Western blot-
ting. Similarly, COX-2 protein
was also significantly upre-
gulated by cisplatin in dose-
and time-dependent man-
ners (Figure 2A-D). These re-
sults indicated that COX-2
could be directly induced by
cisplatin in MCs.

Cisplatin induced MC apop-
tosis

To investigate whether cispla-
tin could induce MC apopto-
sis, we treated MCs with cis-
platin at different doses. The
apoptotic response was asse-
ssed by the ratio of apoptotic
cells (flow cytometry) and the
expression of Bax and Bcl-2.
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Figure 3. Cisplatin induced apoptotic response in mesangial cells. A, B. The apoptosis was assessed by Annexin-V/
Pl staining in mesangial cells. C, D. The mRNA and protein levels of Bax and Bcl-2 were assessed by gRT-PCR and
Western blotting, respectively. N=3-4 for each group. *P<0.05 vs. control; **P<0.01 vs. control.

As expected, cisplatin treatment at 40 uM
for 24 h significantly increased cell apoptosis
(Figure 3A, 3B). Consistent with this result,
the expression of Bax in cisplatin-treated MCs
was significantly elevated contrasting to a re-
duction of Bcl-2 (Figure 3C, 3D). These results
indicated that cisplatin could directly trigger
apoptotic response in MCs.

Inhibiting COX-2 blocked cisplatin-induced MC
apoptosis

To define the role of COX-2 in cisplatin-indu-
ced MC apoptosis, a specific COX-2 inhibitor
celecoxib was applied to the MCs before cis-
platin administration. As shown by Figure 4A,
4B, COX-2 inhibition strikingly ameliorated cell
apoptosis induced by cisplatin. Meanwhile,
COX-2 inhibition blocked the upregulation of
Bax and revered the downregulation of Bcl-2
at both mRNA and protein levels following
cisplatin treatment (Figure 4C-E). Consistently,
cisplatin-induced activation of caspase-3 was
also ameliorated by COX-2 inhibition (Figure

1225

4C). Moreover, the upregulation of COX-2 in-
duced by cisplatin was suppressed by COX-2
inhibitor celecoxib at both mRNA and protein
levels (Figure 5A, 5B). These data suggested
that COX-2 played an important role in mediat-
ing cisplatin-induced MC apoptosis.

Inhibiting COX-2 significantly blocked cisplatin-
induced PGE2 production

To further examine the efficacy of COX-2 inhibi-
tion in this experimental setting, we measured
PGE2 production in cell culture medium. As
shown in Figure 6, cisplatin treatment increa-
sed PGE2 level by 2 folds, which was almost
entirely abolished by COX-2 inhibition. The re-
sult demonstrated a COX-2-dependent induc-
tion of PGE2 in response to cisplatin treat-
ment in MCs.

Discussion

Nephrotoxicity is one of the main side effects of
anticancer drug cisplatin [4, 16, 17]. The signal-

Am J Transl Res 2017;9(3):1222-1229



COX-2/PGE2 and cisplatin-induced mesangial cell apoptosis

DMSO Cisplatin

>
ot
10°

103

PLFLI
102
PLFL3
102

10°

2.52%

e

10' 102 w0 10t
ANNEXIN FITC

o 10°
ANNEXIN FITC

celecoxib Cisplatin+celecoxib

PIFL3
102

3.85%

100 0" 102 08 10? 10° 10! 107
ANNEXIN FITC ANNEXIN FITC
G kDa
caspase-3 m- 35
cleaved- L
caspase-3

Bel-2 WS W W W—_ G
Bax D EHED AN S 20

caroH (D . 7

Cisplatin - +
celeroxib - - +

+ -
+

W)

Relative mRNA expression
]

'S
H

w
r

-
I

Apoptotic rate (%)

Mesangial cell

3

(=]
1

2 &

Relative mRNA expression [T]
o
q

o
b

Figure 4. Inhibition of COX-2 attenuated cisplatin-induced MC apoptosis. (A, B) The MC apoptosis was assessed
by Annexin-V/PI staining. (C) The protein levels of caspase-3, cleaved caspase-3, Bax, and Bcl-2 were examined by
Western blotting in cisplatin-treated mesangial cells with or without COX-2 inhibition. (D, E) The mRNA levels of Bax
(D) and Bcl-2 (E) were detected by qRT-PCR in cisplatin-treated mesangial cells with or without COX-2 inhibition.
N=3-4 for each group. **P<0.01 vs. indicated group; ##P<0.01 vs. indicated group; ###P<0.001 vs. indicated

group.

ing mechanisms responsible for cisplatin-in-
duced cytotoxicity appear to be multifactorial,
involving the inflammation and oxidative stress
[5]. In this study, the hypothesis is that cispla-
tin activates COX-2/PGE2 cascade to initiate
apoptosis of glomerular mesangial cells, which
might play a role in the pathogenesis of cispla-
tin nephrotoxicity to some extent.

Apoptosis was the predominant mode of cell
death caused by cisplatin in renal cells [18].
Caspases are cysteine proteases and activated
by the cleavage after the aspartic acid residues
[6, 19]. Many studies have shown that cisplatin
induced apoptosis in renal cells by activating
caspase-3 [20]. In agreement with these evi-
dence, we showed that cisplatin induced MC
apoptosis in line with the activation of cas-
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pase-3 and the increase of Bax which is apro-
apoptotic protein, demonstrating a direct effect
of cisplatin on promoting MC apoptosis as pre-
viously reported by Ju SM. et al [21].

A number of studies indicated that COX-2/
PGE2 cascade activation is of importance in
the pathogenesis of many diseases. In cancer
tissues, high expression of COX-2 can inhibit
cancer cell apoptosis and promote cancer pro-
gression. In most normal tissues, COX-2 has a
low baseline expression but can be induced to
mediate inflammation and cell injury [22]. Thus,
in theory, tumor chemotherapy drugs combin-
ed with specific COX-2 inhibitors not only can
increase the anti-cancer effect but also may
help to avoid some drug-related side effects
in normal tissues [23].

Am J Transl Res 2017;9(3):1222-1229
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Figure 5. COX-2 inhibitor decreased COX-2 expression in MCs with cisplatin
treatment. A. COX-1 and COX-2 mRNA levels were examined by qRT-PCR in
mesangial cells treated with COX-2 inhibitor. B. The COX-2 protein level was
examined by Western blotting in mesangial cells treated with COX-2 inhibi-
tor. N=3-4 for each group. **P<0.01 vs. indicated group; ***P<0.001 vs.
indicated group; ##P<0.01 vs. indicated group; ###P<0.001 vs. indicated

group.
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Figure 6. The effect COX-2 inhibitor on PGE2 produc-
tion in MCs with cisplatin treatment. The PGE2 con-
centration in cell culture medium was determined by
a EIA kit. N=3-4 for each group. *P<0.05 vs. indicat-
ed group; ##P<0.01 vs. indicated group.

Recently, accumulating evidence indicated that
COX-2 could accelerate renal disease in the
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remnant kidney and cyclos-
porine nephropathy [13, 24,
25]. What’'s more, COX me-
tabolites also served as me-
diators of inflammatory injury
in renal diseases [26, 27]. In
the kidney, this cascade is
of importance in regulating
fluid metabolism, blood pres-
sure, and renal hemodynam-
ics [28, 29]. In a recent study
from our group, cisplatin has
been shown to induce renal
tubular injury through COX-2/
PGE2 pathway [10]. However,
whether this pathway contri-
butes to the cisplatin effect
on mesangial cell apoptosis
was unclear. The cisplatin-re-
lated mesangial cell apopto-
sis might participate in the
glomerular damage, which
could play a role in the de-
velopment and progression
of cisplatin nephrotoxicity to
some extent [30]. A recent re-
port demonstrated that cis-
platin could induce MC apop-
tosis via an oxidative stress-
related mechanism [21]. How-
ever, oxidative stress mostly
served as a non-specific contributor in various
diseases. Thus, the detailed molecular mecha-
nisms still need to be explored. In this study,
we firstly examined the regulation of COX-2 in
MCs following cisplatin treatment. As expect-
ed, COX-2 was remarkably elevated by cispla-
tin in time- and dose-dependent manners. In
order to define the role of COX-2 in cisplatin-
induced MC apoptosis, a specific COX-2 inhibi-
tor was applied to the cells before cisplatin
administration. Notably, COX-2 inhibition strik-
ingly blocked cisplatin-induced MC apoptosis
in line with a blockade of PGE2 production. Th-
ese data demonstrated a detrimental role of
COX-2/PGE2 cascade in promoting MC apopto-
sis in response to cisplatin treatment.

ek

In summary, in mouse MCs, we identified an
activation of COX-2/PGE2 cascade in response
to cisplatin challenge. Moreover, employing a
specific COX-2 inhibitor, we proved that COX-2/
PGE2 cascade activation played a detrimental
role in mediating cisplatin-induced MC apopto-
sis, which might serve as an important contrib-
utor in cisplatin nephrotoxicity.
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