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Abstract

Cisplatin, Cis-diamminedichloroplatinum (CDDP), is a platinum-based chemotherapy drug, and its chemotherapeutic use is
restricted by nephrotoxicity. Inflammatory and apoptotic mechanisms play a central role in the pathogenesis of CDDP-induced
acute kidney injury (AKI). The aim of this study was to compare the therapeutic potential of candesartan, angiotensin Il receptor
blocker, versus bone marrow-derived mesenchymal stem cells (BM-MSCs) in a rat model of CDDP-induced nephrotoxicity. Adult
male Wistar rats (n =40) were divided into four groups; Normal control: received saline injection, CDPP group: received CDDP
injection (6 mg/kg single dose), Candesartan group: received candesartan (10 mg/kg/day) for 10 days + CDDP at day 3, and Stem
cells group: received CDDP + BM-MSCs intravenously one day after CDDP injection. The rats were sacrificed seven days after
CDDP injection. Significant elevation in serum creatinine and urea, renal levels of tumor necrosis factor (TNF)-a and monocyte
chemoattractant protein (MCP)-1, renal expressions of nuclear factor kappa B (NF-«B), p38-mitogen-activated protein kinase
(MAPK), caspase-3 and Bcl-2-associated x protein (Bax) were found in CDDP-injected rats when compared to normal rats. Both
candesartan and BM-MSCs ameliorated renal function and reduced significantly the inflammatory markers (TNF-o , NF-xB, p38-
MAPK and MCP-1) and apoptotic markers (caspase-3 and Bax) in renal tissue after CDDP injection. Candesartan as well as
BM-MSCs have anti-inflammatory and anti-apoptotic actions and they can be used as nephroprotective agents against
CDDP-induced nephrotoxicity. BM-MSCs is more effective than candesartan in amelioration of AKI induced by CDDP.
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Introduction may exert a protective role toward drug-induced nephro-

Cisplatin or Cis-diamminedichloroplatinum (CDDP) is an
inorganic platinum-based antineoplastic drug used to treat
solid tumors.! However, its effectiveness is restricted by its
nephrotoxicity. Administration of high-dose CDDP can
cause acute kidney injury (AKI) in about 30% of patients
who show various degrees of renal dysfunction.” The mech-
anism for CDDP-induced AKI is not well understood but
appears to involve renal tubular epithelial cells inflamma-
tion, apoptosis and oxidative stress."

Angiotensin 1I, the principal effector of the renin-
angiotensin system, has been reported to have a crucial
role in the pathogenesis of renal injuries.®> A few studies
have suggested that angiotensin receptor blockers (ARBs)
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toxicity.*> To our knowledge, there was no previous study
to explore the role of candesartan in CDDP-induced
nephrotoxicity.

In addition, stem cell therapy provides a hopeful pro-
spective for injured tissues and organs repair.” The thera-
peutic effect of mesenchymal stem cells (MSCs) was
questioned in different animal models of renal disease,
including CDDP-induced AKL”® Among the different
types of stem cells, bone marrow-derived MSCs (BM-
MSCs) have gained great popularity. The proposed mech-
anism of MSCs action could either be directly by replacing
the damaged cells or indirectly through induction of cell
regeneration® leading to improvement in renal function
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and structure.’ However, the mechanism of MSCs against
CDDP-induced AKI remains to be elucidated and
explained.

The aim of our study was to compare the protective
effects of angiotensin II receptor blocker, candesartan
versus BM-MSCs against CDDP induced AKI and to
emphasize the role of inflammatory and apoptotic markers
in monitoring these therapeutic regimens.

Materials and methods
Animals

Forty male Wistar rats weighing 200-250 g were housed in
an environmentally controlled room temperature
(25+2°C) with a 12-h light/dark cycle and given standard
chow and water ad libitum. This experimental procedure
was approved by the ethical committee in Mansoura
Experimental Research Center, Mansoura University.

Harvesting and culturing of MSCs

Bone marrow was obtained from the femurs and tibia of
adult Wistar rats'® weighing 180-210g and cultured in
basic media Dulbecco’s modified Eagle’s medium
(DMEM, Sigma-Aldrich, St. Louis, MO, USA) containing
10% fetal bovine serum (FBS, Sigma-Aldrich, St. Louis,
MO, USA). The effluent was collected in sterile tubes.
Gentle pipetting resulted in obtaining of a single cell
suspension. Bone marrow cells were counted and plated
with a concentration of 10 x 10°/mL in T-75 flasks. The
cells were then cultured in DMEM containing 10% FBS,
penicillin (100 U/mL) and streptomycin (100 pg/mL) at
37°C in a humidified atmosphere that contained 5% CO..
The medium was changed after four days and every three
days thereafter. Non-adherent hematopoietic cells were
removed when the medium was changed. After a mean of
seven days, cells reached subconfluence and was detached
with trypsin/EDTA, reseeded at 4x10° cells/cmz, and
used for transplantation after the third passage. MSCs’
features were demonstrated by typical spindle-shaped
morphology.

Flow cytometric analysis of cluster of
differentiation (CD) markers

The cells were centrifuged at 1200 rpm for 5min and then
solved in phosphate buffered saline (PBS) at the concentra-
tion of 1x10°/mL). The cells were stained with different
fluorescently labeled monoclonal antibodies (mAb). In
brief, 100 pL of cell suspension was mixed with 10uL of
the fluorescently labeled mAb and incubated in the dark
at room temperature for 30 min. Washing with PBS contain-
ing 2% bovine serum albumin (BSA, Sigma-Aldrich, St.
Louis, MO, USA) was done twice and the pellet was resus-
pended in PBS and analyzed immediately on flow cytome-
try. The monoclonal antibodies used were fluorescein
isothiocyanate (FITC)-conjugated CD45 and phycoery-
thrin-cyanine-5  (PeCY5)-conjugated CD90  (Serotec,
Oxford, UK). The immunophenotyping was performed on
EPICS-XL flow cytometry (Coulter, Miami, Florida). The
cells were analyzed with the most appropriate gate FBS

using the combination of forward and side scatters. The
viability of stem cells was checked by Trypan blue exclusion
according to the method of Maclimans et al."

Experimental design

Four groups of animals, 10 in each group, were randomly
assigned as experimental groups. In the first group, the rats
were intraperitoneal (ip) injected with the appropriate
volume of normal saline, and this group served as a
normal control. In the second group (Cisplatin, CDDP),
the rats were ip injected with a single dose (6 mg/kg) of
CDDP (Hospira Co, Warwickshire, UK).12 In the third
group (Candesartan), the rats were supplemented
with 10mg/kg candesartan (AstraZeneca AB, Sodertélje,
Sweden)”® for 10 days plus a single dose of CDDP
(6mg/kg) ip at day 3,"* while in the fourth group (stem
cells), the rats received the same ip single dose of CDDP
and was administered BM-MSCs (2 x 10° cells) by tail vein
injection'” 24 h after the CDDP injection.

Sample collection

All animals were sacrificed on day 7 after CDDP injection.
Blood samples were collected and serum was separated by
centrifugation at 3000 rpm for 10 min for the determination
of renal function while, kidneys were removed rapidly, one
stored in 10% neutral-buffered formalin for immunohisto-
chemistry, while the other kidney frozen immediately in
liquid nitrogen and transferred to a -80°C for real time-
PCR technique and preparation of renal homogenate.

Preparation of renal homogenate

Each frozen renal sample was homogenized in PBS solution
(pH7.4) using a Teflon homogenizer and then centrifuged
for 10min at 4°C to remove debris. The supernatant was
divided into portions, deeply frozen at —80°C for enzyme
linked immunosorbent assay (ELISA) technique.

Determination of serum creatinine and urea

Serum levels of creatinine and urea were assayed enzyma-
tically using commercially available kits provided by
Bio-Diagnostic Company, Giza, Egypt.

Measurement of tumor necrosis factor (TNF)-a and
monocyte chemoattractant protein-1 (MCP-1)

Levels of TNF-o. and MCP-1 were determined by ELISA
technique in renal tissue homogenate using a commercially
available ELISA kit (Uscn Life Science Inc., Houston, USA)
in accordance with the manufacturer’s instructions.

Real-time quantitative analysis for renal nuclear factor
kappa B (NF-kB), p38-mitogen activated protein kinase
(MAPK), and caspase-3 gene expressions

For RNA extraction, total RNA was isolated from renal
tissue homogenates using RNeasy Purification Reagent
(Qiagen, Valencia, CA, USA) according to the manufac-
turer’s instruction. Concentration of the RNA was assessed
using spectrophotometer and the integrity of the RNA was



studied by gel electrophoresis on a 1% agarose gel. cDNA
was produced from 2ug of total RNA samples using
Oligo(dT)12-18 and SuperScript Reverse Transcriptase
(Life Technologies, Breda, the Netherlands). The primers
for real-time PCR were: NF-xB forward primer: 5'-
GCTTACGGTGGGATTGCATT-3’; NF-xB reverse primer:
5-TTATGGTGCCATGGGTGATG-3; p38-MAPK forward
primer: 5-ACTCAGATGCCGAAGATGAAC-3'; p38-MAPK
reverse primer: 5-GTGCTCAGGACTCCATCTCT-3; cas-
pase-3 forward primer: '5-TGTCATCTCGCTCTGGTACG-
3': caspase-3 reverse primer: 5-AAATGAC-CCCTITC
ATCACCA-3; Beta actin forward primer: 5-TCT GGC
ACC ACA CCT TCT-ACA ATG-3; Beta actin reverse
primer: 5-AGC ACA GCC TGG ATA GCA ACG-3'. Real-
time quantitative PCR was done by using SYBR Green PCR
Master Mix (Applied Biosystems, Foster City, CA, USA). PCR
reactions were performed on step one plus Real Time PCR
system (Applied Biosystems). Relative expression of the stu-
died genes was calculated using the comparative threshold
cycle method. All values were normalized to the beta actin

genes.'®

Immunohistochemistry

Samples of kidney tissues were collected, and were fixed in
a 4% formaldehyde solution for 24 h. Immunohistochemical
analyses were performed on 5 um thick paraffin sections cut
from a paraffin block of kidney. Sections were incubated
with monoclonal anti-Bax (Uscn Life Science Inc.,
Houston, USA) at 4°C. Slides were counterstained with
hematoxylin and examined under microscope using PC-
driven digital camera (Olympus E-620).

Statistical analysis

Data are presented as mean +SD. One way analysis of vari-
ance (ANOVA) followed by Bonferroni multiple tests was
used to determine the differences between means of differ-
ent groups. The level of significance was set at p <0.05.
Statistical computations were done using the computer soft-
ware SPSS version 20 (Chicago, IL, USA).

Results
Properties of MSCs

The MSCs were identified by surface marker CD90 (+ve)
and CD45 (—ve) detected by flow cytometry as illustrated in
Figure 1.

Effect of candesartan and stem cells on serum
creatinine and urea levels

Injection with cisplatin in animals induced AKI as indicated
by significant increase in serum creatinine and urea when
compared with the normal control rats (p < 0.05). Both can-
desartan-treated rats and rats receiving BM-MSCs showed a
significant reduction in levels of serum creatinine as well as
urea in comparison to cisplatin-treated rats (p <0.05)
(Table 1). More reduction was observed in BM-MSCs
group than Candesartan group but the difference was not
statistically significant.
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Figure 1 Characteristics of rat BM-MSCs. Cells were stained with CD90 and

CD45 antibody and analyzed by flow cytometry. BM-MSCs are shown as a dot
plot (a). The expression levels of CD90 + ve (b) and CD45 -ve (c) of BM-MSCs are
presented as a histogram. The percentage of expression of the indicated markers
is defined in the figure. (A color version of this figure is available in the online
journal.)

Effect of candesartan and stem cells on renal levels of
tumor necrosis factor (TNF)-a and monocyte
chemoattractant protein-1 (MCP-1)

Figure 2 showed a significant increase in renal levels of
TNF-a by three fold (Figure 2a) and MCP-1 by 2.5 fold
(Figure 2b) in cisplatin-treated rats in comparison with
normal control rats. However, a significant decrease in
renal levels of TNF-a and MCP-1 were observed in cande-
sartan and MSCs groups in comparison with cisplatin-
treated rats (p<0.05). Moreover, BM-MSCs injection
showed a more significant reduction in renal levels of
TNF-a and MCP-1 than candesartan administration.
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Table 1 Effect of candesartan and stem cells on renal function tests of cisplatin-treated rats

Group Normal Cisplatin Candesartan Stem Cells
Creatinine (mg/dL) 4+.03 1.72 + .05 .87 +.02° 6+.017
BUN (mg/dL) 28.31+.44 79.76 +£.75* 4727+ 417 44.15+1.07"
Note: All results were expressed as Mean + SD.
*Significant difference from Normal group at P < 0.05.
TSignificant difference from Cisplatin group at P < 0.05.
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Figure 2 Effect of cisplatin alone and its combination with candesartan or stem Normal Cisplatin  Candesartan  Stem Cells

cells on renal levels of tumor necrosis factor (TNF)-a (a) and monocyte chemo-

attractant protein (MCP)-1 (b). *Significant difference as compared with normal

group at P <0.05. #Significant difference as compared with the cisplatin group at
P <0.05. $Significant difference as compared with the Candesartan group at

P < 0.05. (A color version of this figure is available in the online journal.)

Effect of candesartan and stem cells on m-RNA gene
expressions of nuclear factor kappa-B (NF-xB) and
p38-mitogen activated protein kinase (MAPK) in renal
tissue

Treatment with cisplatin presented a significant elevation
(p <0.05) in renal mRNA expressions of NF-kB (Figure 3a)
and p38 MAPK (Figure 3b) as compared with the normal
control. Administration of candesartan and MSCs injection
exerted a significant reduction in renal gene expressions of
NF-xB and p38 MAPK (p<0.05) as compared with
cisplatin-treated rats. More reduction was observed in
BM-MSCs group than in the Candesartan group, but the
difference was not statistically significant.

Effect of candesartan and stem cells on m-RNA gene
expression of caspase-3

Figure 4 illustrated that administration of cisplatin resulted
in a significant rise in renal m-RNA gene expression of
caspase-3 when compared to the normal control group.

Figure 3 Effect of cisplatin alone and its combination with candesartan or stem
cells on renal gene expressions of nuclear factor (NF)-«xB (a) and p38- mitogen-
activated protein kinase (MAPK) (b). *Significant difference as compared with

normal group at P < 0.05. *Significant difference as compared with the Cisplatin
group at P < 0.05. (A color version of this figure is available in the online journal.)

Moreover, our investigation demonstrated a significant
decline of renal gene expression of caspase-3 not only
after candesartan treatment but also after MSCs injection
when compared to rats injected with cisplatin. More signifi-
cant reduction was observed in the BM-MSCs group than
the Candesartan group.

Effect of candesartan and stem cells on expression of
Bcl-2 associated x protein (Bax)

Figure 5 showed the immunohistochemical staining of Bax
in different studied groups: Bax expression was slightly
expressed in the control group (Figure 5a), while a signifi-
cant increase in Bax expression was noticed in the cisplatin
group (Figure 5b). However, significant decrease in Bax
expression was determined in both candesartan
(Figure 5c) and BM-MSCs (Figure 5d) groups. More signifi-
cant reduction in Bax expression was shown in the
BM-MSCs group.
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Discussion

Cisplatin is one of the important chemotherapeutic agents
used for the treatment of various types of tumors with a
major side effect of nephrotoxicity. Nephrotoxicity in
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Figure 4 Effect of Cisplatin alone and its combination with candesartan or
stem cells on renal gene expressions of caspase-3. *Significant difference as
compared with normal group at P < 0.05. “Significant difference as compared
with the cisplatin group at P < 0.05. $Significant difference as compared with the
Candesartan group at P < 0.05. (A color version of this figure is available in the
online journal.)

experimental animals after CDDP injection was character-
ized by deterioration of renal function as evidenced by a
significant increase in serum creatinine and urea as in line
with the previous studies.'>"”

The CDDP-induced renal injury has been associated
with inflammation, oxidative stress, and apop’cosis.w'19
Concerning inflammation, it was reported that TNF-a is a
proinflammatory cytokine that acts as an important medi-
ator of CDDP-induced inflammatory tissue damage.™ It is
able to induce direct renal injury and causes induction of
apoptosis and necrotic cell death.?! TNF-q also stimulates
the release of other cytokines and chemokines, such as
MCP-1,% which attracts a variety of cells including leuko-
cytes, monocytes and natural killer cells. Infiltration of
damaged renal tissue with inflammatory cells is character-
istic for CDDP-induced nephrotoxicity.” Our experiment
showed a significant elevation of renal TNF-a and MCP-1
gene expressions in CDDP group when compared to the
normal group and this findings is in accordance with the
study of Ueki et al.*® who reported a significant elevation
of renal TNF-o and MCP-1 after CDDP injection.

The other cytokine that plays a key role in the inflamma-
tion process during nephrotoxicity is NF-kB.*> There is a

Figure 5

Immunohistochemical staining of Bax in rat kidneys (200x). (a) Normal control rats showing a slight expression of Bax. (b) Significant increase in Bax

expression was seen in renal tissue treated with Cisplatin group. (c) Significant decrease in Bax expression was observed in renal tissue of rats treated with
Candesartan group. (d) Significant reduction in Bax expression was observed in renal tissue of rats treated with stem cells group. (A color version of this figure is

available in the online journal.)



growing body of evidence indicating that CDDP induces
remarkable activation of NF-kB in kidneys with subsequent
inflammatory reactions causing kidney damage.'”*
Coinciding with this findings, our results documented
upregulation of NF-kB renal expression following CDDP
injection. It was reported that NF-xB couples reactive
oxygen species (ROS) to regulate CDDP nephrotoxicity, fur-
ther exacerbating renal tissue damage.**

Moreover, it is postulated that p38-MAPK plays a critical
role in producing pro-inflammatory cytokines and control-
ling cell apoptosis in renal injury.> Our experiment showed
a significant elevation of renal p38-MAPK expression in
CDDP-treated rats in comparison with normal rats. CDDP
induced activation of p38-MAPK that in turns mediates
CDDP-induced renal injury and inflammation.?®

Caspases are a family of enzymes that actively partici-
pate in apoptosis. The activation of caspase-3, the execution
caspase, is involved in initiating apoptotic events.”” On the
other hand, Bax is a pro-apoptotic protein that accumulates
in mitochondrial membrane and hinders the protective
effect of Bcl-2, which is responsible for cell survival.®®
Furthermore, it was documented that CDDP-induced
renal injury is mainly due to apoptosis of renal tubular
cells.*® Our experiment showed a significant elevation of
renal caspase-3 and bax expressions in CDDP-treated rats
in comparison with normal rats which coincides with
previous studies.??%>!

To our knowledge, this is the first study to examine the
effect of candesartan in CDDP-induced nephrotoxicity. Our
results demonstrated that both candesartan and BM-MSCs
reduced the levels of serum creatinine and urea in CDDP-
treated animals. Losartan, the other member in the ARB
group, showed a nephroprotective effect as evidenced by
normalization of serum levels of creatinine and BUN in
CDDP-treated rats when compared to the normal ones.'*
Previous studies reported that losartan prevented nephro-
toxicity caused by administration of a single dose of CDDP
in male rats.>* On the contrary, a recent study of
Rastghalam et al.*” showed that losartan could not improve
renal dysfunction induced by continuous doses of CDDP as
it increases renal blood flow which may lead to the accu-
mulation of more cisplatin in the kidneys worsening the
renal failure.

In addition, BM-MSCs have been reported to maintain
renal function in several AKI models including gentami-
cin® and cisplatinum®?” induced nephrotoxicity.

Previous studies demonstrated that amelioration of
CDDP nephrotoxicity can be achieved by inhibition of
TNF-a production and NF-xB activation.’?® Therefore,
the modulation of renal inflammatory reactions and apop-
totic pathways after CDDP injection may help to prevent
CDDP-induced nephrotoxicity.”

Our study reported that candesartan reduced the renal
TNF-a and MCP-1 levels and renal expression of NF-kB in
CDDP-treated rats when compared to the normal rats.
Conceding with our findings, candesartan suppressed the
renal MCP-1 and NF-xB in a model of chronic kidney
disease.** Chen et al®** showed the anti-inflammatory
effects of candesartan through a direct antioxidant action
independent of ARB. They postulated that candesartan has

the ability to inhibit ROS production and to correct the
redox imbalance induced by TNF-a.

Our study observed that there was a significant reduc-
tion in p38-MAPK, caspase-3 and Bax renal expressions
indicating the nephroprotective effect of candesartan
via its antiapoptotic effects. These encouraging results sup-
port those reported by Lv et al.*® who documented the
antiapoptotic  activity of candesartan by blocking
the mesangial cell oxidative stress and apoptosis induced
by angiotensin II.

Regarding our findings about BM-MSCs, we
documented that injection of BM-MSCs showed a signifi-
cant reduction in the renal levels of TNF-a and MCP-1
levels and renal expression of NF-kB in CDDP-treated rats
when compared to the normal rats. It was found that BM-
MSCs significantly lowered renal gene expression of TNF-a
in a model of experimental diabetic nephropathy.®
Moreover, BM-MSCs significantly lowered the renal MCP-
1 in rats treated with MSCs and gentamicin when compared
to rats administered gentamicin alone in a model of
genatmicine-induced AKIL*

The antiinflammatory and antifibrotic activities of
BM-MSCs were indicated by attenuation of the TNF-o and
NF-kB overexpression in a recent model of albumin-
induced renal tubular inflammation and fibrosis.*’ The
MSCs have a prominent immunomodulatory property
that leads to the downregulation of inflammatory
reactions.*®

Moreover, BM-MSCs also significantly suppressed the
renal p38-MAPK, caspase-3 and Bax expressions in
CDDP-treated rats. Our results are similar to these findings
of Qi and Wu®’ who observed downregulation of Bax, p38-
MAPK and caspase-3 in CDDP-treated rats administered
BM-MSCs as compared with the CDDP-treated rats admin-
istered saline.

The possibilities of the therapeutic potential of MSCs
were either direct effect by replacing damaged cells or indir-
ect effect through signals and induction of cellular regener-
ation.** The transplanted MSCs was able to cause release
of various factors with its beneficial antiapoptotic, anti-
inflammatory, mitogenic or angiogenic properties.**’

In conclusion, Candesartan and BM-MSCs are capable of
improving renal injury in CDDP nephrotoxic rats through
anti-inflammatory action via reduction of renal contents of
TNF-a, NF-xB, p38-MAPK and MCP-1 and antiapoptotic
action via downregulation of renal caspase-3 and Bax.
Mesenchymal stem cells seem to have a better renoprotec-
tive effect than candesartan in amelioration of nephrotox-
icity induced by CDDP.
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