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Abstract. — OBJECTIVE: The occurrence of
nephrotoxicity and hepatotoxicity as a result of
cisplatin administration is a major concern in
clinical practice. This study examined the po-
tential protective effects of administering mes-
enchymal stem cells (MSCs) on the renal and he-
patic damage caused by cisplatin. Moreover, the
study investigated the potential protective ef-
fects of administering Adipose-Derived Mesen-
chymal Stem Cells (ADMSC) to counteract the
harmful effects of cisplatin-induced kidney and
liver damage.

MATERIALS AND METHODS: Male Sprague-
Dawley rats were divided into three groups: nor-
mal control, cisplatin + saline, and cisplatin +
ADMSC. Cisplatin was administered to induce
toxicity, and ADMSC was administered intrave-
nously as a potential therapeutic intervention.
Biochemical parameters and histopathological
changes were assessed in the kidney and liver
tissues. Statistical analyses were performed us-
ing a one-way ANOVA.

RESULTS: Cisplatin increased malondialde-
hyde (MDA), tumor necrosis factor alfa (TNF-al-
fa), IL-6, alanine transaminase (ALT), creatinine,
Galectin-3, Tissue growth factor beta 1 (TGF-be-
ta 1), compared to the normal control group. Cis-
platin-MSC reduced these levels. Histopatholo-
gy showed that cisplatin caused kidney tubular
epithelial necrosis, luminal necrotic debris, tu-
bular dilatation, interstitial inflammation, liver si-
nusoidal and central vein dilatation, congestion,
necrosis, and cytoplasmic vacuolization. ADM-
SC administration significantly reduced histo-
pathological changes.

CONCLUSIONS: These findings highlight the
potential therapeutic benefits of mesenchymal
stem cell (MSC) administration in mitigating cis-
platin-induced nephrotoxicity and hepatotoxic-
ity. MSC treatment demonstrated protective ef-
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fects by reducing oxidative stress, inflammatory
markers, and histopathological alterations. Fur-
ther investigations are warranted to elucidate
the precise mechanisms underlying these pro-
tective effects and evaluate their clinical impli-
cations for managing cisplatin-induced organ
damage.
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Introduction

Despite a 33% decline in cancer-related fatal-
ities since 1991, cancer remains the second lead-
ing cause of death after cardiovascular disease'.
In addition, treatment-related toxicity continues
to be a significant problem.

Cisplatin is an inorganic platinum derivative
and one of the most effective chemotherapeutic
agents widely used in treating various solid organ
tumors such as lung, ovarian, bladder, sarcoma,
stomach, and testicular cancers, among others**.
It induces DNA damage and triggers apoptosis
by affecting DNA repair mechanisms in cancer
cells’. However, nephrotoxicity, which occurs in
approximately 30% of patients, limits the clinical
application of cisplatin. Renal insufficiency is
marked by increased creatinine and blood urea
nitrogen (BUN) levels, reduced renal blood flow,
hypomagnesemia, hypokalemia, and proteinuria.
These symptoms may necessitate discontinuing
or reducing the dosage of a particular drug’.
Acute kidney injury caused by cisplatin is asso-
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ciated with tubular epithelial cell proliferation
and migration, fibrosis, and apoptosis®. Although
hepatotoxicity is not commonly observed at low
doses of cisplatin, it has been reported’ to occur
at high doses. The primary cause of cisplatin-in-
duced hepatotoxicity is reported to be oxidative
stress resulting from increased reactive oxygen
species®.

The lectin Galectin-3 (Gal-3) bonds specifical-
ly to B--galactosides’. It is expressed in numerous
tissues, such as the heart and kidneys'". It is pre-
dominantly released during monocyte-to-macro-
phage differentiation'. The significance of this
phenomenon cannot be overstated, as it plays a
crucial role in many biological processes such
as cell proliferation, apoptosis, pre-mRNA splic-
ing, differentiation, transformation, angiogenesis,
inflammation, fibrosis, and host defense'?. The
acute inflammatory response entails the acti-
vation and adhesion of neutrophils, chemotaxis
of monocytes, opsonization of apoptotic neutro-
phils, and activation of mast cells”’. Galectin-3
is an indicator of organ fibrosis, such as cardiac
fibrosis'*. It has been demonstrated' to play an es-
sential role in acute tubular injury and subsequent
phases of kidney regeneration.

The malondialdehyde (MDA) level has been es-
tablished as a reliable indicator of oxidative stress
and antioxidant status in individuals diagnosed
with cancer'®. MDA is a prevalent marker of oxi-
dative stress, a physiological state arising from an
inequity between the generation of free radicals
and the cellular ability to eliminate them. Exces-
sive oxidative stress has been linked" to various
diseases, including cancer, neurodegenerative dis-
orders, cardiovascular disease, and diabetes.

ADMSCs are self-renewing, multipotent cells
with differentiation and immunomodulatory
properties. On the other hand, adipose-derived
stem cells (ASCs) are a subset of ADMSCs that
can be readily isolated from adipose tissues and
possess many of the same regenerative properties
as other ADMSCs'®2°. Given their ability to mod-
ulate inflammation, enhance tissue regeneration,
and low immunogenicity, ADMSCs have gained
recognition in cell-based therapies?’. ADMSCs
act in two ways: they are a potent chemoattractant
that goes to damaged tissues by this feature; they
affect the healing of the tissues with exosomes by
increasing tissue supportive substances, such as
growth factors, where they are located. Second-
ly, they activate anti-inflammatory mechanisms
regardless of location. The homeostasis provided
by the peritoneal cavity allows mesenchymal
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stem cells to live for a long time. Thus, the du-
ration of action of ADMSCs can be prolonged?'.

Currently, no chemotherapy agent is as potent
as cisplatin in anticancer efficacy and has fewer
side effects. Therefore, it is challenging to aban-
don the clinical use of cisplatin. Consequently,
researchers have been motivated to develop new
treatment options to reduce cisplatin-induced
acute toxicities to prevent the destructive effects.
To the best of our knowledge, there are no studies
on the use of ADMSC in both liver and kidney
toxicity of cisplatin.

This study investigates adipose-derived mes-
enchymal stem cells’ protective effects and cellu-
lar mechanisms through the Galectin-3 pathway
in preventing cisplatin-induced nephrotoxicity
and hepatotoxicity.

Materials and Methods

Animals

This study used thirty adult female Wistar
rodents weighing between 200 and 210 gr. The
animals were confined in enclosures and main-
tained under standard conditions, such as 12-hour
light/dark cycles and room temperature (22.2°C).
Throughout the study, they were fed pellets and
had unrestricted access to potable water. Unless
specified otherwise, all chemicals were acquired
from Sigma-Aldrich.

Ethical Issues

The study protocol was authorized by the Insti-
tutional Animal Care and Ethical Committee of
the Demiroglu Science University Istanbul, Tir-
kiye (Ethical Permission Number: 16.03.2022/
2723031514) and reported in compliance with the
Animal Research: Reporting of In Vivo Exper-
iments (ARRIVE) guidelines. All methods fol-
lowed the Guide for the Care and Use of Labora-
tory Animals published by the National Institutes
of Health (NIH) and Minimum Quality Thresh-
old in Pre-Clinical Sepsis Studies (MQTiPSS)
recommendations.

Experimental Procedure

The research included thirty rodents. The in-
vestigation included eight rats as a standard con-
trol group. This group was not administered any
medication.

To create a model of cisplatin-induced liv-
er and kidney toxicity, 20 rodents were given
cisplatin (Kogak Farma, Istanbul, Tiirkiye) at
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a dose of 2.5 mg/kg/day, twice weekly for four
weeks (total 20 mg/kg). Two groups of cispla-
tin-treated rodents were established. The rodents
in group 1 (n=10) received 1 ml/kg/day of 0.9%
NaCl intraperitoneally (i.p.). In contrast, group 2
(mesenchymal stem cells; n=10) rodents received
2.0 X 10° cells/kg intraperitoneally (i.p.) twice
weekly for four weeks. (total dose 16 X 10° cells/
kg). Three of the rodents receiving cisplatin and
saline perished during the experiment. When
cisplatin was administered to rats, mesenchymal
stem cells did not succumb.

At the end of the experiment, all rats were
given anesthesia: 100 mg/kg Ketamine (Ketasole
Richterpharma AG Austria) and xylazine 50 mg/
kg (Rompun, Bayer, Germany) before being eu-
thanized by cervical dislocation. Blood samples
were collected through cardiac puncture for bio-
chemical analysis, and samples of the kidney and
liver were collected for immunohistochemistry
and biochemical analysis.

Isolation of Mesenchymal Stem Cells
(MSC) from Adipose Tissue

ADMSCs were isolated using the flank adi-
pose tissue derived from rats. The adipose tissue
was extracted and stored on ice after the rodents
were administered anesthesia [ketamine 50 mg/
kg (Ketasol, Richterpharma AG, Austria) and
xylazine 10 mg/kg (Rompun, Bayer, Germany)].
The tissue was transported to the stem cell labo-
ratory under sterile conditions. Small fragments
of adipose tissue were treated with 0.2% collage-
nase type Il (Gibco, Thermo Fischer Scientific,
Waltham, MA, USA) at 37° Celsius for 40 min-
utes under stirring. Following tissue lysis, cen-
trifugation was performed at 1,500 revolutions
per minute for 5 minutes. The precipitate was
resuspended in a solution consisting of 2 mL of
Dulbecco’s Modified Eagles Medium (DMEM)
from Gibco (Thermo Fischer Scientific, Waltham,
MA, USA) and 3 mL of DMEM supplemented
with 10% fetal bovine serum (FBS) from Gibco
(Thermo Fischer Scientific, Waltham, MA, USA),
1% penicillin, 1% streptomycin, and 2 mM L-glu-
tamine from Invitrogen, Netherlands. The spec-
imen was placed in an incubator at 37° Celsius,
with a CO, concentration of 5% and a humidity
level of 100%. The media was refreshed at the
end of three days to achieve a confluence level
of 85%. The cells underwent subculture using
0.25% trypsin (Gibco Thermo Fisher Scientific,
Waltham, MA, USA) until the fourth passage, af-
ter which they were rendered inactive by adding

an equivalent volume of DMEM. In preparation
for potential cell transplantation, mesenchymal
stem cells (MSC) at the fourth passage were
cryopreserved at a concentration of 2,106 viable
cells/mL in a solution consisting of 50% DMEM
media, 40% FBS, and 10% dimethyl sulfoxide
(DMSO; M.P. Bio) in cryovials that were correct-
ly labeled and sterilized. These cryovials were
subsequently stored in a nitrogen tank at -196°C.
The examination of cell morphology and growth
was conducted using an inverted microscope.
The cells were subjected to a thawing process
at 37°C after transferring from a nitrogen cylin-
der to facilitate their preparation for transplanta-
tion. Following 5-minute centrifugation at 1,500
rpm, the cellular component was resuspended in
DMEM and stored in a CO, incubator at 37°C and
100% relative humidity until required.

MSC Characterization

Classification of cells immunofluorescence
staining of CDI13, CD29, and CD105 molecules
was used to characterize mesenchymal stem cells
in their second passage. For immunostaining,
culture dish-grown cells were cleansed with PBS
and fixed for 5 minutes in methanol at -10°C.
The methanol was extracted after fixation, and
the specimen was dried. The blocking serum
(normal goat serum) was incubated with the cells
for twenty minutes. After removing the block-
ing serum, the cells were rinsed with PBS three
times — a straightforward method for isolating,
cultivating, and identifying mesenchymal stem
cells isolated from rat adipose tissue. Six hundred
sixty cells were incubated for one hour with an-
ti-CD13, anti-CD29, and anti-CD105 antibodies.
The cells were incubated with a secondary an-
tibody for 45 minutes following three rinsing in
PBS. After rinsing the cells, a mounting medium
was used to observe them under a fluorescence
microscope. Every operation was carried out at
ambient temperature.

Measurement of Plasma Lipid
Peroxidation (MDA)

Malondialdehyde (MDA) levels were mea-
sured in plasma samples using the thiobarbituric
acid reactive substances (TBARS) assay to eval-
uate lipid peroxidation. The plasma samples were
treated with trichloroacetic acid and TBARS
reagent, mixed, and incubated at 100°C for 60
minutes. Following a 20-minute centrifugation at
3,000 rpm and cooling on ice, the absorbance of
the supernatant was measured at a wavelength of
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535 nm. The MDA levels were calibrated using
tetraethoxypropane as a reference substance.

TNF-a (MyBioSource No.: MBS2507393), IL-
6 (MyBioSource No.. MBS269892), and ALT
(MyBioSource No.. MBS269614) plasma levels
were measured using enzyme-linked immuno-
sorbent assay (ELISA) reagents.

Determination of Creatinine Levels

The concentration of Creatinine (MyBioSource
No.: MBS3809095) was measured spectrophoto-
metrically using an automated analysis system.
Concentrations of creatinine were expressed as
mg/dl.

Liver and Kidney Biochemical Analysis
After decapitation, the organs were prompt-
ly removed and stored at 20° Celsius, pending
biochemical analysis. The liver and kidney were
homogenized with a glass homogenizer in 5
volumes of phosphate-buffered saline (pH 7.4),
five times the obtained tissue volume, and centri-
fuged for 15 minutes at 5,000 g. The total protein
concentration of the innerve homogenates was
determined using Bradford’s method and bovine
serum albumin as a standard after collecting
the supernatant. Using commercially available
ELISA kits for rats, the levels of Galectin-3
(MyBioSource No.: MBS761093) and TGF-beta
1 (MyBioSource No.: MBS824788) in liver and
kidney tissue supernatants were determined.

Histopathological Examination of
Liver and Kidney

For histological examinations, each animal
was anesthetized with ketamine (100 mg/kg, Al-
famine®, Alfasan International B.V., Holland) and
xylazine (10 mg/kg, Alfazyne®, Alfasan Interna-
tional B.V., Holland) and perfused with 200 ml
of 4% formaldehyde in 0.1 M phosphate buffer
saline (PBS). Formalin-fixed liver and kidney
sections (4 mm) were stained using hematoxylin
and eosin. All sections were photographed using
an Olympus C-5050 digital camera attached to an
Olympus BX51 microscope.

An observer blinded to the study group evalu-
ated ten microscopic fields per section at a mag-
nification of 20x utilizing a computerized image
analysis system (Image-Pro Express 1.4.5, Media
Cybernetics, Inc., USA). This evaluation of the
kidney assessed the degree of tubular epithelial
necrosis, luminal necrotic debris, tubular dilata-
tion, hemorrhage, and interstitial inflammation.
The evaluation was conducted by assigning rat-
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ings to a predetermined scale. score 0=0-5%,
score 1=6-20%, score 2=21-40%, score 3=4I-
60%, score 4=61-80%, score 5=81-100%

Histological photomicrographs were examined
using the liver scoring system to evaluate liver
damage. This study investigated the extent of
sinusoidal and central vein dilatation, conges-
tion, necrosis, and cytoplasmic vacuolization.
At a magnification of 20x, five random sec-
tions and ten random fields were examined for
each rodent. Data were scored as 0-5%=score 0;
6-20%=score 1; 21-40%=score 2; 41-60%=score
3; 61-80%=score 4; and 81-100%=score 5.

Statistical Analysis

Data were analyzed with SPSS Package Pro-
gram version 26.0 (IBM Corp., Armonk, NY,
USA). Number, percentage, mean, and standard
deviation were used to present descriptive data.
A paired samples #-test was used to compare the
means of independent variables without a depen-
dent variable. A value of p<0.05 was accepted for
the p-significance level.

Results

Biochemical Results

The results presented in Table I demonstrate
the effects of ADMSCs on various parameters
related to cisplatin-induced liver and kidney dam-
age. The study included a normal control group
(n=8), a cisplatin + saline group (n=10), and a
cisplatin + ADMSCs group (n=10) (Table I).

The levels of malondialdehyde (MDA), a
marker of oxidative stress, were significantly
increased in the cisplatin + saline group com-
pared to the normal control group (141.3+£7.5 nM
vs. 54.844.3 nM, p<0.001). However, treatment
with ADMSCs in the cisplatin + MSC group
significantly reduced MDA levels (83.4+8.1 nM,
p<0.01) (Table I).

The pro-inflammatory cytokines TNF-a and
IL-6 showed similar trends. The cisplatin + sa-
line group exhibited significantly higher levels
of TNF-a (108.6+£5.8 pg/ml vs. 26.243.2 pg/ml,
p<0.001) and IL-6 (125.24+6.3 ng/ml vs. 1.42+0.9
ng/ml, p<0.001) compared to the normal control
group. Treatment with ADMSCs attenuated the
increase in TNF-a (53.6+4.4 pg/ml, p<0.01) and
IL-6 (87.3£1.6 ng/ml, p<0.001) (Table I).

Liver and kidney function markers, such as
ALT and creatinine, also showed significant dif-
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Table I. Results were presented as mean + SEM. Statistical analyses were performed using the Kruskal-Wallis H test and the

post-hoc Tukey test.

Normal control Cisplatin + Saline Cisplatin + MSC
group (n = 8) group (n = 10) group (n = 10)
MDA (nM) 548 £4.3 141.3 £ 7.5% 83.4 £ 8.1
TNF-alfa (pg/ml) 262+3.2 108.6 + 5.8%* 53.6 +4.4*
IL-6 (ng/ml) 142 +0.9 125.2 + 6.3%* 873+ 1.6/
ALT (IU/L) 409+64 91.5 £ 8.9** 673 +5.57
Creatinine (mg/dl) 0.43 +0.06 0.75 £ 0.08%** 0.61 0.1
Kidney Galectin-3 Level (pg/mg protein) 11.06 £ 0.8 291+1.6%* 15.1 + 1.4*
Liver Galectin-3 Level (pg/mg protein) 6.5+0.2 37.8 £ 1.1** 13.7 £2.05*
Kidney TGF-Beta 1 Level (pg/mg protein) 18.5+3.09 113.2 & 87.5%* 54.5 + 6.2%
Liver TGF-Beta 1 Level (pg/mg protein) 9.7+ 1.1 33.5 +£5.04* 19.4 £2.8*

*p<0.01, **p<0.001 (different from control group), “p<0.05, *#p<0.001 (different from cisplatin and saline group). MDA: malond-
ialdehyde, TNF-alfa: Tumor Necrosis Factor alfa, ALT: alanine transaminase, TGF-Beta 1: Transforming growth factor beta 1.

ferences. The cisplatin + saline group exhibited
higher levels of ALT (91.5+8.9 IU/L vs. 40.9+6.4
IU/L, p<0.01) and creatinine (0.75+0.08 mg/dl vs.
0.43+0.06 mg/dl, p<0.001) compared to the nor-
mal control group. Treatment with ADMSCs re-
sulted in a significant reduction in ALT (67.3£5.5
IU/L, p<0.05) and creatinine (0.61+0.1 mg/dl,
p<0.01) (Table I).

The expression levels of Galectin-3 in both
kidney and liver tissues were significantly in-
creased in the cisplatin + saline group compared
to the normal control group (kidney: 29.1+1.6 pg/
mg protein vs. 11.06+£0.8 pg/mg protein, p<0.01;
liver: 37.8+1.1 pg/mg protein vs. 6.5£0.2 pg/
mg protein, p<0.001). However, treatment with
ADMSCs in the cisplatin + MSC group led to a
significant reduction in Galectin-3 levels in both
kidney (15.1x1.4 pg/mg protein, p<0.01) and
liver (13.7£2.05 pg/mg protein, p<0.01) tissues.
(Table I).

Similarly, the levels of TGF-f1, a profibrotic cy-
tokine, were significantly increased in the cisplatin
+ saline group compared to the normal control
group (kidney: 113.248 pg/mg protein) (Table I).

Histopathological Slices Results

Figure la-b shows the histology of a normal
liver from the control group. No significant ab-
normalities or lesions were observed. The liver
architecture appears intact, with well-preserved
hepatocytes and a normal arrangement of cen-
tral veins and sinusoids. Figure Ic-d demon-
strates the liver histology of the cisplatin and
saline group. Vacuolar changes can be observed
in the pericentral hepatocytes, indicated by in-
tracellular vacuoles. Additionally, there is evi-
dence of central venous and sinusoidal dilatation

(*) and hepatocyte necrosis (arrow). These find-
ings indicate liver damage induced by cisplatin
treatment.

Figure le-f shows the liver histology of the
cisplatin and ADMSCs group. Treatment with
ADMSCs improved liver histology compared to
the liver of the cisplatin and saline groups. The
central venous and sinusoidal dilatation (*) and
hepatocyte necrosis (arrow) are clearly reduced,
which suggests that ADMSCs protect the liver
from damage caused by cisplatin.

The histopathological study of the liver tissues
backs up the results shown in Tables I and III. It
shows that treatment with MSCs reduced the his-
tological changes that occur when cisplatin dam-
ages the liver, such as changes in the vacuoles,
enlargement of the central veins and sinusoids,
and death of hepatocytes.

Figure 2A-B shows the histology of a normal
kidney from the control group. The glomeruli (G)
and tubules (t) appear normal and well-preserved
without significant abnormalities. The kidney ar-
chitecture is intact, indicating a healthy kidney.
Figure 2C-D displays the kidney histology of the
cisplatin and saline group. Tubular cell necrosis is
observed, indicated by damaged and disintegrat-
ed tubular cells (arrow).

Additionally, there is evidence of interstitial
lymphocytic infiltration (*), suggesting an in-
flammatory response in the kidney due to cispla-
tin treatment. Figure 2E-F shows the kidney his-
tology of the cisplatin and MSC group. Treatment
with adipose-derived mesenchymal stem cells
(MSCs) improved kidney histology compared to
the cisplatin and saline group. It is clear that the
tubular dilatation (*) and tubular cell necrosis
(arrow) have decreased. This means that MSCs
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Figure 1. Liver histopathology H&E (x 10 and x 40 Magnification, scale bar: 100 pm), (a-b) Normal liver (control group), (c-
d) Cisplatint+Saline group liver show vacuolar changes in pericentral hepatocytes, central venous (cv) and sinusoid dilatation
(*) and hepatocyte necrosis (arrow), (e-f) CisplatintMSC group liver decreased central venous and sinusoid dilatation (*) and
hepatocyte necrosis (arrow).

are protecting the kidneys from damage caused Figure 3. It shows that treatment with MSCs re-
by cisplatin. duced the histological changes that occur because of

The histopathological study of the kidney tissues cisplatin-induced kidney damage, including tubular
shown in Figure 3 backs up the results shown in cell necrosis and interstitial lymphocytic infiltration.
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Table II. Histopathological results in liver tissue were presented as mean + SEM.

Liver Group Mean = SEM p*
Sinusoidal and central vein dilatation Normal control Group (n=8) 04+0.1 <0.001
Cisplatin + Saline Group (n=10) 35+0.5
Cisplatin + MSC Group (n=10) 09+0.2 <0.01
Cisplatin + Saline Group (n=10) 3.5+0.5
Congestion Normal control Group (n=8) 0.3+0.1 <0.001
Cisplatin + Saline Group (n=10) 27+04
Cisplatin + MSC Group (n=10) 0.8+0.1 <0.01
Cisplatin + Saline Group (n=10) 27+04
Necrosis Normal control Group (n=8) 0.2+0.1 <0.001
Cisplatin + Saline Group (n=10) 2.8+0.5
Cisplatin + MSC Group (n=10) 1.1+£0.2 <0.001
Cisplatin + Saline Group (n=10) 2.8+0.5
Cytoplasmic vacuolization Normal control Group (n=8) 0.2+0.1 <0.001
Cisplatin + Saline Group (n=10) 35£04
Cisplatin + MSC Group (n=10) 1.2+0.3 <0.05
Cisplatin + Saline Group (n=10) 3504

*: Kruskal-Wallis H test and post-hoc Tukey test were used.

Histopathological Findings in
Kidney Tissue

Figure 3 presents the histological findings in
the kidney and liver tissues, specifically in kid-
ney tissues, assessing tubular epithelial necrosis,
luminal necrotic debris, tubular dilatation, and
interstitial inflammation.

The cisplatin + saline group exhibited signifi-
cantly higher levels of tubular epithelial necrosis
(2.4+0.2, p<0.01), luminal necrotic debris (3.6+0.3,
p<0.01), tubular dilatation (3.8+0.3, p<0.01), and
interstitial inflammation (4.1£0.4, p<0.01) com-
pared to the normal control group. However, treat-
ment with ADMSC:s in the cisplatin + MSC group

Table Ill. Histopathological results in kidney tissue were presented as mean = SEM.

Liver

Group

Tubular epithelial necrosis

Normal control Group (n=8)

Cisplatin + Salin Group (n=10)
Cisplatin + MSC Group (n=10)
Cisplatin + Salin Group (n=10)

Luminal necrotic debris

Normal control Group (n=8)

Cisplatin + Salin Group (n=10)
Cisplatin + MSC Group (n=10)
Cisplatin + Salin Group (n=10)

Tubular dilatation

Normal control Group (n=8)

Cisplatin + Salin Group (n=10)
Cisplatin + MSC Group (n=10)
Cisplatin + Salin Group (n=10)

Interstitial inflammation

Normal control Group (n=8)

Cisplatin + Salin Group (n=10)
Cisplatin + MSC Group (n=10)
Cisplatin + Salin Group (n=10)

Mean = SEM p*
02+0.1 <0.001
24+0.2
1.5+04 <0.01
24+02
03+0.1 <0.001
3.6+0.3
1.1+0.2 <0.001
3.6+0.3
02+0.1 <0.001
3.8+0.3
1.9+0.3 <0.05
3.8+0.3
02+0.1 <0.001
41+04
1.4+0.1 <0.01
41+04

*: Kruskal-Wallis H test and post-hoc Tukey test were used.
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Figure 2. Kidney histopathology H&E (x 10 and % 40 Magnification, scale bar: 100 um), (A-B) Normal kidney (control group),
glomeruli (G), tubules (t), (C-D) Cisplatin+Saline group kidneys have tubular cell necrosis (arrow), interstitial lymphocytic
infiltration (*), (E-F) CisplatintMSC group kidney decreased on tubular dilatation (*) and tubular cell necrosis (arrow).

resulted in a significant reduction in tubular epithe-
lial necrosis (1.5+0.4, p<0.01), luminal necrotic de-
bris (1.1£0.2, p<0.001), tubular dilatation (1.9+0.3,
p<0.01), and interstitial inflammation (1.4+0.1,
p<0.01) (Figure 3).

The results show that treatment with ADMSCs
prevented kidney damage caused by cisplatin.
This was shown by the reduced number of histo-
logical changes linked to tubular injury, luminal

debris, tubular dilatation, and interstitial inflam-
mation.

Histopathological Findings in
Liver Tissue

The histological results in the liver tissue are
shown in Figure 3. It mainly shows dilated sinu-
soidal and central veins, as well as congestion,
necrosis, and cytoplasmic vacuolization.
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Histopatological results in kidney and liver tissues

Tubular dilatation

Interstitial
Inflammation

Luminal necrotic
dehris

Tubular epithelial
necrosis

Sinusoidal and central Congestil

Cytog i
vein dilatation vacuolization

KIDNEY
® Normal Control Group (n=8)

LIVER

= Cisplatin + Salin Group (n=10) = Cisplatin + MSC Group (n=10)

Figure 3. Histopathological results in kidney and liver tissues were presented as mean + SEM. Statistical analyses were
performed using the Kruskal-Wallis H test and the post-hoc Tukey test. Tubular epithelial necrosis in the cisplatin + saline
group was significantly higher than the control group (p<0.001) and the cisplatin + MSC group (p<0.01); luminal necrotic
debris in the cisplatin + saline group was significantly higher than the control group (»<0.001) and the cisplatin + MSC
group (p<0.001); tubular dilatation in the cisplatin + saline group was significantly higher than the control group (p<0.001)
and the cisplatin + MSC group (p<0.05); interstitial inflammation in the cisplatin + saline group was significantly higher
than the control group (p<0.001) and the cisplatin + MSC group (p<0.01); sinusoidal and central vein dilatation in the
cisplatin + saline group was significantly higher than the control group (p<0.001) and the cisplatin + MSC group (p<0.01);
congestion in the cisplatin + saline group was significantly higher than the control group (p<0.001) and the cisplatin + MSC
group (p<0.01); necrosis in the cisplatin + saline group was significantly higher than the control group (p<0.001) and the
cisplatin + MSC group (p<0.001); cytoplasmic vacuolization in the cisplatin + saline group was significantly higher than

the control group (p<0.001) and the cisplatin + MSC group (p<0.05).

The cisplatin + saline group exhibited signifi-
cantly higher levels of sinusoidal and central vein
dilatation (3.5+0.5, p<0.01), congestion (2.7+0.4,
p<0.01), and necrosis (2.8+0.5, p<0.01) compared
to the normal control group. However, treatment
with ADMSC:s in the cisplatin + ADMSCs group
resulted in a significant reduction in sinusoi-
dal and central vein dilatation (0.940.2, p<0.01),
congestion (0.8+0.1, p<0.05), necrosis (1.1£0.2,
p<0.01), and cytoplasmic vacuolization (1.2+0.3,
p<0.01) (Figure 3).

These findings indicate that treatment with
ADMSCs protected against cisplatin-induced liv-
er damage, as evidenced by the attenuation of his-
tological abnormalities associated with sinusoidal
and central vein dilatation, congestion, necrosis,
and cytoplasmic vacuolization.

Discussion

This study demonstrated that administering
adipose-derived mesenchymal stem cells could
mitigate cisplatin’s biochemical and histological
toxicity in the kidneys and liver.

One of the pathogenic causes of cisplatin-in-
duced renal and liver toxicity is well-known?? to
be the production of free radicals leading to oxi-
dative stress. Cisplatin generates reactive oxygen
species, including hydroxyl radicals, hydrogen
peroxide, singlet oxygen, and superoxide ions.
Increased reactive oxygen species inhibit anti-
oxidant enzymes, producing lipid peroxidation
and diminished membrane peroxidation-protec-
tive enzyme activity. Increased oxidative stress
is responsible for DNA damage and cisplatin’s
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toxicity. Due to the prevalence of numerous mi-
tochondria in hepatocytes®, cisplatin is metab-
olized predominantly in the kidneys, followed
by the liver. MDA, a marker of oxidative stress,
increased substantially in the blood of cispla-
tin-treated rats.

In rats that received ADMSC in addition to
cisplatin, MDA levels were lower than in those
who received cisplatin alone. Curcumin, which
has antioxidant and anti-inflammatory properties,
substantially decreased MDA levels in rodents
treated with cisplatin compared to the control
group, according to a study by Birici et al**. The
results of this study indicate that ADMSCs may
also reduce reactive oxygen species and have a
protective effect on cells.

Cytokines are potent regulators secreted by
various cell types and cellular activities®, partic-
ularly in the immune system. TNF-a is a protein
closely associated with apoptosis and inflam-
matory responses®®. Proinflammatory cytokines
are cytokines released by the immune system
in response to various stresses or stimuli, such
as infections, injuries, and other pathological
conditions. These cytokines initiate and regulate
the inflammatory process, enhancing the im-
mune response. TNF-a and IL-6 are well-known
examples of proinflammatory cytokines. These
proinflammatory cytokines are released from the
liver into the bloodstream during hepatotoxic
damage?’. ADMSCs, when administered, can mi-
grate to the damaged liver and kidney tissues.
They can sense and respond to the inflammatory
and damaged microenvironment.

Previous studies”*** have shown that cisplatin
stimulates the production of proinflammatory cy-
tokines like TNF-q, IL-1, and IL-6. In this study,
cisplatin treatment substantially increased mice’s
proinflammatory cytokines TNF-a and IL-6 lev-
els. However, in mice treated with ADMSCs
along with cisplatin, the levels of these cytokines
decreased. This decrease indicates that ADM-
SCs can reduce the proinflammatory cytokine
increase, thereby reducing irreversible damage
such as fibrosis in the liver and kidneys.

In addition, it can prevent the body from
embarking on a path leading to an excessive in-
flammatory response triggered by an increase in
these cytokines. Moreover, the statistically lower
decrease of IL-1 and IL-6 relative to TNF-a sug-
gests that ADMSCs exert pressure on the primary
inflammatory trigger mechanism via TNF-a.

Serum levels of ALT are used as a marker
to assess liver damage because this enzyme is
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normally localized in the cytoplasm and is only
released into circulation in response to hepato-
cellular damage. In our study, the ALT levels of
cisplatin-treated mice were significantly higher
than those of the control group. In contrast, the
increase in ALT levels was reduced in rodents
treated with ADMSCs and cisplatin. Similar to
the decrease in inflammatory markers, this find-
ing indicates that liver functions have improved
due to the decline in ALT levels.

TGF-beta 1, a cytokine, regulates cell pro-
liferation, differentiation, and function, as doc-
umented in literature®. It is synthesized by a
diverse range of cellular phenotypes comprising
immunocytes, epithelia, and fibrocytes. It has
been linked to the formation of fibrosis in organs,
including the liver, lungs, heart, and kidneys***'.
In this study, the levels of TGF-beta 1 in the liver
and kidneys were significantly increased after
cisplatin administration. However, in mice treat-
ed with ADMSCs along with cisplatin, the levels
of TGF-beta 1 were lower compared to those
treated with cisplatin alone. Galectin-3 can act as
a chemoattractant, promoting the recruitment and
migration of ADMSC:s to the injured sites. Galec-
tin-3, upon binding to its receptors on immune
cells, can modulate the inflammatory response.
It can influence the activation and function of
immune cells, such as macrophages and T cells,
potentially promoting an anti-inflammatory phe-
notype. By reducing inflammation, ADMSCs can
help mitigate the damaging effects of cisplatin.

Galectin-3 plays a role in various biological
processes, including but not limited to cell pro-
liferation, apoptosis, transformation, angiogene-
sis, inflammation, fibrosis, and host defense, as
documented in literature'?. Research** has indi-
cated that the inhibition of Gal-3 can potentially
mitigate the onset of kidney disease. Galectin-3
represents a promising therapeutic target for the
management of renal disorders. The research
conducted by Boutin et al** reveals a positive
correlation between the degree of Gal-3 and the
severity of acute kidney injury and the minimal
estimated glomerular filtration rate (¢GFR). They
also made recommendations for the use of Galec-
tin-3 monitoring in intensive care settings®>*°.
The histological findings of cisplatin-induced
kidney toxicity can include tubular cell death, tu-
bular atrophy, tubulointerstitial fibrosis, chronic
inflammation, and glomerulosclerosis®’.

The cisplatin-treated group displayed a sig-
nificant increase in tubular epithelial necrosis,
luminal necrotic detritus, tubular dilation, and
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interstitial inflammation compared to the control
group. In the cisplatin + ADMSC group, how-
ever, the severity of these pathological changes
decreased significantly.

In cisplatin-induced liver toxicity, it is com-
mon to observe hepatocellular vacuolation, si-
nusoidal dilation, and cytoplasmic alterations
around the central vein®’. The hepatic tissue of
mice treated with cisplatin exhibited a marked
increase in sinusoidal and central vein dila-
tion, congestion, necrosis, and cytoplasmic vac-
uolization. Nevertheless, the aforementioned
pathological modifications exhibited a signif-
icant reduction in rodents subjected to cispla-
tin and ADMSC treatment. Elevated levels of
serum Galectin-3 have been associated® with
heightened susceptibility to hepatocellular car-
cinoma (HCC), liver failure, liver cirrhosis, and
chronic active hepatitis B.

This study found that administering ADM-
SCs reduced liver and kidney damage caused
by cisplatin®. The protective effect was linked
to a reduction in the expression of Galectin-3,
a protein involved in inflammation and tissue
injury. Galectin-3 has been linked to the patho-
genesis of numerous diseases, including liver and
kidney damage, and its modulation by ADMSCs
is thought to account for the antioxidant, anti-in-
flammatory, and regenerative effects observed in
this study.

Indeed, stem cells, particularly MSCs, show
potential to protect against cisplatin-induced liver
and kidney damage due to their ability to modu-
late inflammation, oxidative stress, and apopto-
sis. It is believed'” that ADMSCs secrete various
bioactive molecules, such as growth factors and
cytokines, that can directly or indirectly mod-
ulate Galectin-3 expression and function. The
anti-inflammatory, antioxidant, and tissue-repair
properties of these secreted factors contribute to
the protective effects of ADMSCs?'. In addition to
the Galectin-3 pathway, ADMSCs can exert pro-
tective effects through other mechanisms. It has
been shown?'*’ that they promote tissue regener-
ation, reduce oxidative stress, inhibit apoptosis,
and modulate immune responses, all of which can
contribute to the prevention of cisplatin-induced
organ damage.

Limitations

The present study is subject to certain limita-
tions. The effects of cisplatin in rats may be more
toxic than in humans. In addition, the behavior of
ADMSCs may differ in humans. Consequently,

the results obtained in an experiment on animals
are not immediately applicable to the human con-
text. Further studies will provide more detailed
information on the subject.

Conclusions

This study demonstrates the significant reno-
protective and hepatoprotective effects of ADM-
SC administration against cisplatin-induced liver
and kidney damage. ADMSCs have been shown
to reduce MDA, creatinine, and ALT levels and
decrease pathological changes in renal and hepat-
ic histological examinations. Specifically, it has
been observed that ADMSCs achieve this effect
by reducing Galactin-3 levels, indicating the in-
volvement of this pathway. Further research is
needed to determine the potential beneficial role
of ADMSCs in preventing and treating hepatic
and renal diseases.

Authors’ Contributions

Oytun Erbas, Ejder Saylav Bora, Miislih Uriin, and Hiiseyin
Acar contributed equally during the study and made criti-
cal revisions related to the relevant intellectual content of
the manuscript.

ORCID ID

Miislih Uriin: 0000-0002-9883-3398
Ejder Saylav Bora: 0000-0002-2448-2337
Hiiseyin Acar: 0000-0002-1905-7133
Oytun Erbas: 0000-0002-2515-2946

Conflict of Interest
No conflict of interest.

Informed Consent
Not applicable.

Funding
None.

Ethics Approval

Ethical approval Animal Ethics Committee of Demiroglu
Science University Istanbul, Tirkiye (Ethical Permission
Number: 16.03.2022/ 2723031514) and reported in compli-
ance with the ARRIVE guidelines.



M. Ur(in, E.S. Bora, H. Acar, O. Erbas

Availability of Data and Materials

The datasets generated during and analyzed during the cur-
rent study are available from the corresponding author up-
on reasonable request.

1)

5)

6)

7)

10)

11)

12)

13)

14)

References

Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer
statistics, 2023. CA Cancer J Clin 2023; 73: 17-
48.

Di Maio M, Basch E, Bryce J, Perrone F. Pa-
tient-reported outcomes in the evaluation of tox-
icity of anticancer treatments. Nat Rev Clin Oncol
2016; 13: 319-325.

Dasari S, Tchounwou PB. Cisplatin in cancer
therapy: molecular mechanisms of action. Eur J
Pharmacol 2014; 740: 364-378.

Ho GY, Woodward N, Coward JI. Cisplatin versus
carboplatin: comparative review of therapeutic
management in solid malignancies. Crit Rev On-
col Hematol 2016; 102: 37-46.

Manohar S, Leung N. Cisplatin nephrotoxicity: a
review of the literature. J Nephrol 2018; 31: 15-25.

Perse M, Vegerié-Haler Z. Cisplatin-Induced Ro-
dent Model of Kidney Injury: Characteristics and
Challenges. Biomed Res Int 2018; 2018: 1462802.

Cure MC, Cure E, Kalkan Y, Kirbag A, Tumkaya L,
Yilmaz A, Tirkyllmaz AK, Sehitoglu I, Yiice S. In-
fliximab Modulates Cisplatin-Induced Hepatotox-
icity in Rats. Balkan Med J 2016; 33: 504-511.

Xiong XH, Mao QC, Yang JW, Chen SY, Li XQ.
Clinical effectiveness of fluorouracil and cisplatin
intraperitoneal perfusion combined with intrave-
nous chemotherapy for peritoneal metastasis in
gastric cancer. Eur Rev Med Pharmacol Sci 2023;
27: 8716-8731.

de Boer RA, Voors AA, Muntendam P, van Gilst
WH, van Veldhuisen DJ. Galectin-3: a novel me-
diator of heart failure development and progres-
sion. Eur J Heart Fail 2009; 11: 811-817.

Kirk JA, Frangogiannis NG. Galectin-3 in the
pathogenesis of heart failure: a causative medi-
ator or simply a biomarker? Am J Physiol Heart
Circ Physiol 2018; 314: H1256-H1258.

Di YC, Zhang ZH, Sun YP, Song J. Vitamin D3
sensitizes resistant human bladder cancer cells
to cisplatin by regulating Sirtuin 1 gene expres-
sion. Eur Rev Med Pharmacol Sci 2022; 26: 7656-
7666.

Dong R, Zhang M, Hu Q, Zheng S, Soh A, Zheng
Y, Yuan H. Galectin-3 as a novel biomarker for
disease diagnosis and a target for therapy (Re-
view). Int J Mol Med 2018; 41: 599-614.

Henderson NC, Sethi T. The regulation of inflam-
mation by galectin-3. Immunol Rev 2009; 230:
160-171.

Yu L, Ruifrok WP, Meissner M, Bos EM, van Goor
H, Sanjabi B, van der Harst P, Pitt B, Goldstein IJ,

1338

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

Koerts JA, van Veldhuisen DJ, Bank RA, van Gilst
WH, Silljé HH, de Boer RA. Genetic and pharma-
cological inhibition of galectin-3 prevents cardiac
remodeling by interfering with myocardial fibro-
genesis. Circ Heart Fail 2013; 6: 107-117.

Nishiyama J, Kobayashi S, Ishida A, Nakaba-
yashi I, Tajima O, Miura S, Katayama M, Nog-
ami H. Up-regulation of galectin-3 in acute re-
nal failure of the rat. Am J Pathol 2000; 57: 815-
823.

Gawet S, Wardas M, Niedworok E, Wardas P. Dial-
dehyd malonowy (MDA) jako wskaznik proceséw
peroksydacji lipidow w organizmie [Malondialde-
hyde (MDA) as a lipid peroxidation marker]. Wiad
Lek 2004; 57: 453-455.

Pizzino G, Irrera N, Cucinotta M, Pallio G, Man-
nino F, Arcoraci V, Squadrito F, Altavilla D, Bitto
A. Oxidative Stress: Harms and Benefits for Hu-
man Health. Oxid Med Cell Longev 2017; 2017:
8416763.

Najar M, Raicevic G, Fayyad-Kazan H, Bron D,
Toungouz M, Lagneaux L. Mesenchymal stromal
cells and immunomodulation: A gathering of reg-
ulatory immune cells. Cytotherapy 2016; 18: 160-
171.

Wang LT, Ting CH, Yen ML, Liu KJ, Sytwu HK,
Wu KK, Yen BL. Human mesenchymal stem cells
(MSCs) for treatment towards immune- and in-
flammation-mediated diseases: review of current
clinical trials. J Biomed Sci 2016; 23: 76.

Yarygin KN, Lupatov AY, Sukhikh GT. Modulation
of Immune Responses by Mesenchymal Stromal
Cells. Bull Exp Biol Med 2016; 161: 561-565.

Uccelli A, Moretta L, Pistoia V. Mesenchymal
stem cells in health and disease. Nat Rev Immu-
nol 2008; 8: 726-736.

Jordan P, Carmo-Fonseca M. Molecular mecha-
nisms involved in cisplatin cytotoxicity. Cell Mol
Life Sci 2000; 57: 1229-1235.

Ju SM, Bae JS, Jeon BH. AMP-activated protein
kinase contributes to ROS-mediated p53 activa-
tion in cisplatin-induced nephrotoxicity. Eur Rev
Med Pharmacol Sci 2021; 25: 6691-6700.

Birinci H, Sen Halicioglu B, Oztatlict M, Yincu M.
Sisplatinin Neden Oldugu Nefrotoksisite Ve Ul-
trastriktiirel Hasar Uzerine Kurkuminin Koruyu-
cu Etkisi. Celal Bayar Universitesi Saglik Bilimleri
Enstitisu Dergisi 2021; 8: 598-605.

Lin JX, Leonard WJ. Fine-Tuning Cytokine Sig-
nals. Annu Rev Immunol 2019; 37: 295-324.

Safhi MM, Qumayri HM, Masmali AUM, Siddiqui
R, Alam MF, Khan G, Anwer T. Thymoquinone
and fluoxetine alleviate depression via attenu-
ating oxidative damage and inflammatory mark-
ers in type-2 diabetic rats. Arch Physiol Biochem
2019; 125: 150-155.

Cho YE, Singh TSK, Lee HC, Moon PG, Lee JE,
Lee MH, Choi EC, Chen YJ, Kim SH, Baek MC.
In-depth identification of pathways related to cis-
platin-induced hepatotoxicity through an integra-
tive method based on an informatics-assisted la-



ADMSC protect againts drug induced liver and kidney injury

28)

29)

30)

31)

32)

33)

bel-free protein quantitation and microarray gene
expression approach. Mol Cell Proteomics 2012;
11: M111.010884.

Bilgic Y, Akbulut S, Aksungur Z, Erdemli ME,
Ozhan O, Parlakpinar H, Vardi N, Turkoz Y. Pro-
tective effect of dexpanthenol against cisplatin-in-
duced hepatotoxicity. Exp Ther Med 2018; 16:
4049-4057.

Contreras-Zentella ML, Hernandez-Munoz R. Is
Liver Enzyme Release Really Associated with
Cell Necrosis Induced by Oxidant Stress? Oxid
Med Cell Longev 2016; 2016: 3529149.

Leask A, Abraham DJ. TGF-beta signaling and
the fibrotic response. FASEB J 2004; 18: 816-827.

Niu L, Cui X, Qi Y, Xie D, Wu Q, Chen X, Ge J,
Liu Z.Involvement of TGF-B1/Smad3 Signaling in
Carbon Tetrachloride-Induced Acute Liver Injury
in Mice. PLoS One 2016; 11: e0156090.

Higgins SP, Tang Y, Higgins CE, Mian B, Zhang
W, Czekay RP, Samarakoon R, Conti DJ, Higgins
PJ. TGF-B1/p53 signaling in renal fibrogenesis.
Cell Signal 2018; 43: 1-10.

Frenay AR, Yu L, van der Velde AR, Vreeswi-
jk-Baudoin |, Lopez-Andrés N, van Goor H, Sill-
j¢ HH, Ruifrok WP, de Boer RA. Pharmacologi-

34)

35)

36)

37)

cal inhibition of galectin-3 protects against hyper-
tensive nephropathy. Am J Physiol Renal Physiol
2015; 308: F500-F509.

Boutin L, Dépret F, Gayat E, Legrand M, Chad-
jichristos CE. Galectin-3 in Kidney Diseases:
From an Old Protein to a New Therapeutic Tar-
get. Int J Mol Sci 2022 14; 23: 3124,

Calvier L, Martinez-Martinez E, Miana M, Cacho-
feiro V, Rousseau E, Sadaba JR, Zannad F, Ros-
signol P, Lépez-Andrés N. The impact of galectin-3
inhibition on aldosterone-induced cardiac and re-
nal injuries. JACC Heart Fail 2015; 3: 59-67.

Awadalla A, Hussein AM, El-Far YM, El-Send-
uny FF, Barakat N, Hamam ET, Abdeen HM, EI-
Sherbiny M, Serria MS, Sarhan AA, Sena AM,
Shokeir AA. Rapamycin Improves Adipose-De-
rived Mesenchymal Stem Cells (ADMSCs) Reno-
protective Effect against Cisplatin-Induced Acute
Nephrotoxicity in Rats by Inhibiting the mTOR/
AKT Signaling Pathway. Biomedicines 2022; 31:
1295.

AnY, Xu S, Liu Y, Xu X, Philips CA, Chen J, Mén-
dez-Sanchez N, Guo X, Qi X. Role of Galectins
in the Liver Diseases: A Systematic Review and
Meta-Analysis. Front Med (Lausanne) 2021; 27:
744518.

1339



