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BACKGROUND: This study aimed to compare the cytotoxic, cytostatic, and ototoxic effects of lipoplatin compared to cisplatin application in the
subcutaneous xenograft nude mouse neuroblastoma tumor model.

METHODS: In this study, C1300 neuroblastoma cells were administered subcutaneously to 21 male nude mice. When the tumor reached
150 mm?3diameter, mice were randomized into 3 groups. Saline, cisplatin, and lipoplatin were given intraperitoneally. The auditory function tests
were performed before administration and 72 hours after administration. Mice were sacrificed and the tumor and cochlea were removed after
72 hours. Histopathologic evaluation of necrosis and apoptosis was determined by the TdT-mediated dUTP-biotin nick end labeling (TUNEL)
method. Cyclooxygenase 2, superoxide dismutase 2, and inducible nitric oxide synthase levels were determined by immunohistochemistry in
tissue samples.

RESULTS: Apoptosis and necrosis rates were higher in lipoplatin group than in cisplatin group (P=.035 and P=.010, respectively) in tumor tis-
sue. In the spiral ganglion, apoptosis and necrosis were lower in the lipoplatin group than in cisplatin group (P=.002 and P=.002, respectively).
Cyclooxygenase 2 pattern in the cochlea was positive in both control and lipoplatin group and negative in cisplatin group (P=.001). Superoxide
dismutase 2 and inducible nitric oxide synthase 2 protein expressions showed no difference between groups. The auditory functions were similar
to baseline values and had a better threshold value in lipoplatin group than cisplatin group.

CONCLUSION: For the treatment of neuroblastoma, the use of lipoplatin seems to be beneficial in reducing side effects of cisplatin. We recom-
mend that the mechanism of these properties of lipoplatin should be evaluated in further studies.
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INTRODUCTION

Neuroblastoma is the most common extracranial solid tumor derived from primordial neural crest cells in children. It causes 15% of
all deaths in pediatric age malignancies. In neuroblastoma treatment, platinum-based agents, especially cisplatin (CDDP), play an
important role.”* However, CDDP has significant dose-limiting side effects such as ototoxicity, nephrotoxicity, and neurotoxicity.>”

Lipoplatin (LIPO) is a polyethylene glycol (PEG)-coated, small, liposomal CDDP formulation held inside unilamellar vesicles.
Liposomal CCDP is a nanoparticle of 110 nm size that consists of lipid and CDDP2 There are a few studies about LIPO that show

significantly less toxicity when compared to CDDP2?
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In our previous study (10), we checked up on hairy cells
(HEIO-C1) in vitro at the same LC50 doses for neuroblastoma
cells. HEI-OC1 cells treated with 20 mM CDDP and 750 mM LIPO
had a 65% and 82% viability, respectively. Lipoplatin showed less
toxic effects in the HEI-OC1 cells compared to CDDP at anti-
tumoral doses. As a next step, we planned in vivo animal tumor
model study.

This study aims to compare cytotoxic, cytostatic, and ototoxic effects
of CDDP and LIPO in the subcutaneous xenograft nude mice model.

METHODS

This study was approved by the Dokuz Eylul University Animal
Experiments Local Ethics Committee on December 27, 2016,
with ethics committee approval number 15 given 75/2016 as
protocol number. Written informed consent was obtained from all
participants who participated in this study.

Twenty-one male nude mice with an average weight of 20 g and age
of 5-6 weeks were provided by the Dokuz Eylul University Faculty of
Medicine Animal Experiments Research Lab. The number of mice was
selected by prioritizing the 3R rule and using our previous studies
to achieve statistical power greater than 80%. During the research,
mice were kept at room temperature (20 + 2 °C), with 12-h day-
night cycles, in air-conditioned cages with hepafilter, and had con-
stant access to standard sterile mice pellets and water. All nude mice
cages, water and feeder apparatus, and feeds were autoclaved before
use. Before research was conducted, all mice were kept for a week to
adapt to lab conditions. Nude mice without outer ear pathologies by
sight and no existing eardrum or middle ear pathologies with otomi-
croscopy were included in the study.

Study Groups

Group 1 (Saline Solution) Control Group: The control group was
established after basal hearing tests with subcutaneous injection of
106 cells/mL of C1300 neuroblastoma cells in order to form a tumor.
When the tumor reached 150 mm? in size, 0.2 cc saline solution was
given intraperitoneally (IP).

Group 2 (Cisplatin) CDDP Group: The CDDP group was established
after basal hearing tests with subcutaneous injection of 10° cells/mL
C1300 neuroblastoma cells in order to form a tumor. When the tumor

Neuroblastoma tumor model
Figure 1.a,b. (a) Neuroblastoma tumor model. (b) ABR test design. ABR, auditory brainstem response.

reached 150 mm? in size, 0.2 cc saline solution containing 20 mg/kg
CDDP was given IP.

Group 3 (Lipoplatin) LIPO Group: The LIPO group was established
after basal hearing tests with a subcutaneous injection of 10° cells/
mL of C1300 neuroblastoma cells in order to form a tumor. When
the tumor reached 150 mm?3 in size, 0.2 cc saline solution containing
20 mg/kg LIPO was given IP.

Establishment of Neuroblastoma Tumor Model

Cell Culture

C1300 cells (DSMZ, ACC103°)) were cultured in Dulbecco’s Modified
Eagle’s (DMEM) containing 10% fetal bovine serum and 1% L-glu-
tamine, and 1% penicillin/streptomycin added. Culture solutions
were renewed 2-3 times a week and left in a humidified 37°C, 5%
CO, incubator for incubation. When the cultures reached 80% of
the surface area, they were separated from the surface with trypsin/
Ethylenediaminetetraacetic acid (EDTA) solution and redistributed in
1: 4 cell ratio. For tumor establishment, 106 cells/mL of C1300 neuro-
blastoma cells were subcutaneously injected into nude mice. Tumor
size was measured on the back daily (Figure 1A). When tumor size
reached 150 mm?in size, mice were randomized into study groups
with n=7 in each group.

Drug Application

Cisplatin (1 mg/mL sterile solution cisplatin, EBEWE PHARMA?®,
Austria) was prepared in a 20 mg/kg dose and administered IP once
when tumor size reached 150 mm? (smaller than 1 cm in diameter
and approximately 10 days after injection) for group 2. Ototoxic
dose for CDDP was determined by a pilot study with 4 nude mice (20
mg/kg). Lipoplatin (150 mg; 3 mg/mL, Regulon®, Athens, Greece &
California) was given at the same dose.

Measurement of Auditory Functions

Ketamine and xylazine anesthetics were administered to nude mice
before auditory brainstem response (ABR) tests. Intraperitoneal
injection of 40 mg/kg of 10% ketamine (Ketalar flacon, Pfizer, USA)
and 10 mg/kg of xylazine (Basilazin 2%, Bavet, istanbul, Turkey) was
used for anesthesia.

The ABR test was conducted before cell injection to establish basal
auditory functions and on the third day of drug administration to

ABR test setup
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determine auditory functions. Audiological tests were conducted
in a room with a lower than 40 dB SPL(A) background sound while
the mice were under anesthesia. Mice with an auditory evoked
potential of 25 dB SPL or less were chosen for the study. To pro-
tect mice from hypothermia during the test, their eyes were cov-
ered with sterile gauze, and focused lights were used. To protect
the eyes of mice from drying, sterile saline solution was dripped at
regular intervals.

Auditory Brainstem Response Test

The ABR test was recorded with Intelligent Hearing Systems (IHS,
Miami, Fla, USA) Smart-EP 10 version. Calibration was made by IHS.
During recording, subdermal needle electrodes were used. The
active electrode was implanted to the vertex, reference electrode
was implanted in the tested ear, and ground electrode was implanted
ventrolateral of the other ear (under ear). Electrode impedance was
kept below 1 kQ. The bioelectrical response was collected by the
electrodes and analog signals were transformed into digital signals
with a 31.3 ps sampling time. To reduce the spectrum of the signal
at 4, 8, 12, 16, 20, and 32 kHz, up-to-down time of 1000 ms tone
burst was used with a Blackman envelope. The lowest amplitude
level to get wave Il was the hearing threshold for that frequency.
Starting from 70 dB SPL, wave Il was recorded and reduced by 10
dB intervals for above threshold, 5 dB intervals near and below the
threshold, and increased by 5 dB intervals when wave Ill was not
recorded’ (Figure 1B).

Sacrifice and Dissection of Organ and Tissues of Nude Mice
Sacrifice was done 72 hours after CDDP, LIPO, and saline injec-
tion. Halothane inhalation anesthesia was used before sacri-
fice. Exsanguination from the vena cava inferior was used for
sacrifice. The heart was removed. All organs and tissues were
dissected. Mice were decapitated and cochleae and brain stem
were dissected for histopathology. All samples were put in
10% formalin for tissue fixation before light microscope and
immunohistochemical analysis.

Histopathologic Examination of Tissues

Nude mice were incised on the back under sterile conditions and
tumor tissue was removed. Tumor tissue was split for microscopic
preparation and fresh tumor cell suspension. The section that was
reserved for microscopic preparation was paraffinized after fixation.
After tissue preparation was completed, neuroblastoma tumor tissue
and cochlea were examined histopathologically. The periauricular
zone including cochlea and nearby tissue was decalcified using 5%
glacial acetic acid after formalin fixation. Brain, kidney, liver, heart,
and lung were examined histopathologically for metastasis and
drug-related damage. Polylysine-coated slides with 5 um thickness
were stained for apoptosis using the TUNEL method. Necrosis was
evaluated by microscopic examination and counted under a light
microscope. All areas were examined under 400x magnification.
Necrotic areas were separated by views of ghost cell areas in pink
color without prominent nuclei and cellular details.

Apoptosis Evaluation by TUNEL Method

Apoptosis was evaluated by a TUNEL(Roche-11684795910, Roche
Diagnostics, Basel Switzerland) in situ cell death detection kit. Slides
were left at 60°C overnight. After heating, deparaffinization by xylol
and rehydration with decreasing alcohol concentration series were

completed. Slides were treated with 20 pg/mL of proteinase K for 15
minutes before washing with distilled water for 5 minutes. Afterward,
slides were treated with 3% H,O, for 5 minutes and washed with
phosphate buffer solution for 5 minutes. Slides were incubated at
37°C with terminal deoxynucleotidyl transferase (TdT) enzyme over-
night according to the manufacturer’s instructions. After incubation,
slides were treated for 30 minutes with anti-streptavidin peroxidase
and washed for 10 minutes at room temperature. The brown color
in apoptotic cells was provided by diaminobenzidine peroxida-
tion. After counterstaining with Mayer’s hematoxylin, dehydration
in increasing alcohol series and clearing in xylol were completed.
Apoptosis evaluation was done by counting 1000 cells in 5 zones and
recording the average count in tumor sections. Cochlear and spiral
ganglion cells were counted, and positive brown cell percentages of
total cells were reported as apoptosis percentage.”

Histochemical Analysis of Superoxide Dismutase 2,
Cyclooxygenase 2, and Inducible Nitric Oxide Synthase
Immunohistochemical analysis was conducted by Ventana
Discovery® automated staining system. Cochlear tissues were put
on 3 um-thick positively charged slides. After overnight heating at
60°C, slides were loaded into the system for deparaffinization, fixa-
tion, permeabilization, and antigen expression. After preparation
steps, blocker + primary antibody was applied. Following that, stain-
ing with 3,3’-Diaminobenzidine (DAB) chromogen was done using
the streptavidin-biotin peroxidation method. This step was followed
by hematoxylin staining and cleaning before being covered under
entellan. Counting was done under a light microscope and the
results were recorded as percentage.

Statistical Analysis

Cisplatin, lipoplatin, and saline groups were compared with one
another for baseline and post-treatment audiologic tests. Data are
presented with 95% percentile and/or mean + standard variation.
All statistical analysis was done with Statistical Package for the Social
Sciences v.22 (IBM SPSS Corp.; Armonk, NY, USA). After definitive
statistical data, Kruskal-Wallis and Friedman variance analysis was
used for intergroup differences. To determine the group that caused
the statistical difference, the Mann-Whitney U test with Bonferroni
correction was used. For intragroup measurements, the Wilcoxon
signed-rank test with Bonferroni correction was used.

RESULTS

Tumoral Apoptosis and Necrosis Percentage Comparison

in All Groups

Mean apoptosis was 23.21% (+5.72) (12.7%-30.3%) in the control
group; 37.57% (+11.25) (26.1%-59.5%) in the CDDP group; and
61.16% (£24.58) (11.2%-83.6%) in the LIPO group. Mean necrosis was
3.99% (£1.7) (1.8%-6.4%) in the control group; 6.21% (+£5.94) (2.2%-
19.5%) in the CDDP group; and 1.39% (+1.46) (0.1%-4.3%) in the LIPO
group (Figure 2).

The Mann-Whitney U non-parametric test was used to determine
significant differences between control and CDDP groups. There
was a significant difference between apoptosis levels (P=.006),
whereas there was no significant difference between necrosis
levels (P=.655).
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Apoptosis and necrosis percentages in tumor, spiral ganglion and cochlea tissues
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Figure 2. Mean values of apoptosis and necrosis in tumor, spiral ganglion, and cochlea of all groups (P=.002 for both apoptosis and necrosis).

The Mann-Whitney U non-parametric test was used to deter-
mine significant differences between the control and LIPO groups.
There was a significant difference between apoptosis levels
(P=.025) and between necrosis levels (P=.018). In the LIPO group,
apoptosis was 61.15% compared to 23.21% in the control group.
In the control group, necrosis was 3.99% compared to 1.39%
in the LIPO group.

Comparison of Apoptosis and Necrosis Percentages in Spiral
Ganglion in All Groups

Mean apoptosis ratios in cochlea tissues were 1%, 12%, and 4% in
control, CDDP, and LIPO groups, respectively. Mean necrosis ratios
in cochlea tissues were 0%, 16%, and 8% in control, CDDP, and LIPO
groups, respectively (Figure 2). Figure 2 also shows apoptosis and
necrosis ratios in spiral ganglia and tumor tissues in the 3 groups.

Significant statistical difference was observed between pairs of con-
trol, LIPO, and CDDP groups for apoptosis and necrosis (P=.002). The
CDDP group had significantly higher apoptosis and necrosis rates
than the control and LIPO groups (P=.002, Mann-Whitney U test).

Comparison of Cochlear and Tumoral SOD2, COX2, and INOS
Expression Levels Between All Groups

Between all groups, cochlear expression levels of superoxide dis-
mutase 2 (SOD2) and inducible nitric oxide synthase (INOS) (— for
negative, + for minimum expression, ++ for average expression) were
compared by the chi-Square test and no significant difference was
detected between groups. No further tests were performed between
2 groups. For all groups, cochlear expression levels of cyclooxygen-
ase 2 (COX2) were compared by the chi-Square test and a significant

difference was found (P=.001). There was no expression of COX2 in
the CDDP group, whereas all animals in the other 2 groups had (+)
staining pattern for COX2 expression (Table 1). In tumor tissues, COX2
had the same (+) staining pattern in all 3 groups (Figure 3).

Auditory Examination Results and Comparisons of All Groups

There was no significant difference between right and left ears in the
control group on both baseline and 72-hour ABR tests conducted at
8,12, 16, 20, and 32 kHz. There was no significant difference between
right and left ears in the CDDP group at both baseline and 72-hour
ABR tests conducted at 8 kHz, but there were significant differences
between baseline and 72-hour ABR for 12, 16, 20, and 32 kHz. There
was no significant difference between right and left ears in the LIPO

Table 1. SOD2, INOS2, and COX2 Expression Levels in Cochlea in All Groups

Group -n +n ++n P
SOD2 Control 0 2 5 466
CDDP 0 4 3
LIPO 0 4 3
INOS2 Control 0 7 0 .350
CDDP 0 7 0
LIPO 0 6 1
COX2 Control 0 7 0 <.001
CDDP 7 0 0
LIPO 0 7 0

COX-2, cyclooxygenase 2; INOS, inducible nitric oxide synthase; SOD-2, superoxide dis-
mutase 2; LIPO, lipoplatin; CDDP, cisplatin.
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CDDP Group

INOS

SOD-2

Figure 3. Immunohistochemical expression patterns of pro-inflammatory in cochlear corti organ. INOS and SOD-2 expression did not differ among groups.
COX-2 expression is positive in the control and LIPO group, while it is negative in CDDP group. COX-2, cyclooxygenase 2; INOS, inducible nitric oxide synthase;

SOD-2, superoxide dismutase 2; LIPO, lipoplatin; CDDP, cisplatin.

group at both baseline and 72-hour ABR tests conducted at 8, 12, and
16 kHz, but there was a significant difference between baseline and
72-hour ABR for 20 and 32 kHz. There was hearing damage at 12, 16,
20, and 32 kHz in the CDDP group and at 20 and 32 kHz in the LIPO

group.

The hearing thresholds in 2 groups were compared with the Mann-
Whitney U test. When hearing thresholds in control and CDDP
groups were compared, there was no significant difference at 8 kHz,
but there was a significant change at 12, 16, 20, and 32 kHz show-
ing bilaterally increased hearing threshold in the CDDP group. When

hearing thresholds of control and LIPO groups were compared, there
was no significant difference at 8 and 12 kHz, but there was a sig-
nificant change at 16, 20, and 32 kHz showing bilaterally increased
hearing threshold in the LIPO group (Figure 4).

DISCUSSION

Neuroblastoma is the second most common solid tumor in children.
The best chemotherapeutic agent for neuroblastoma treatment is
CDDP. Cisplatin has dose-limiting side effects such as ototoxicity,
nephrotoxicity, and neurotoxicity. Ototoxicity in children may advance
to total hearing loss and significantly limit development. Because of
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Figure 4. Comparison of baseline and 72-hour auditory tests in all groups.
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this, there are studies aiming to replace CDDP treatment with similarly
effective treatment. Liposomal formulations aim to reduce the side
effects of existing drugs without compromising effectiveness. Based
on this, it is possible that liposomal CDDP (LIPO) may reduce serious
side effects such as ototoxicity during neuroblastoma treatment.'"'?

In this study, we established an in vivo neuroblastoma tumor model
to determine the effects of CDDP and LIPO in neuroblastoma treat-
ment and side effects like ototoxicity. Tumor development and oto-
toxicity were examined at both tissue level and functional level.”

Casagrande et al™ found in 2014 that LIPO caused less systemic tox-
icity and tumor death with higher apoptosis rates when compared
with CDDP in the ovary cancer model. Both CDDP and LIPO signifi-
cantly triggered apoptotic cell death in our neuroblastoma tumor
model. At the same time, LIPO caused significantly higher apoptosis
when compared to CDDP.

Spiral ganglia in the cochlear region were also examined for cell
death in order to determine neural-based ototoxicity besides sen-
sorial cochlear tissue. More apoptosis and necrosis than the control
group were observed in CDDP and LIPO groups. But in the CDDP
group, both cell death markers were higher than in the LIPO group.
This supports the hypothesis of LIPO having less ototoxic effect than
CDDP. Brainstem Auditory Evoked Potentials (BAEP) test results show
the relatively better hearing threshold of the LIPO group compared
to the CDDP group, indicating LIPO’s advantage over CDDP in terms
of better cytotoxic effect and less ototoxic effect.’”

Expression patterns of important antioxidant and pro-inflammatory
pathway molecules, COX2, SOD2, and INOS, were examined in our
study. Cyclooxygenase 2 was not expressed in the CDDP group in
cochlear tissue, whereas there was a slight positive expression pat-
tern in LIPO and control group. There was no pattern difference for
SOD2 and INOS in cochlear tissue. Cyclooxygenase 2 affects prosta-
glandin production in cancer cells and reduces levels of nitric oxide
(NO), a pro-apoptotic agent.’® There is no comparison targeting this in
known studies, but Santos et al'” suggested that mitochondrial oxy-
gen radicals may explain CDDP’s cytotoxic effect on kidneys causing
nephrotoxicity side effects. Single-dose CDDP injection of 10 mg/kg
caused depletion of NADPH and glutathione and raised levels of pro-
apoptotic caspase-3."” The similar cochlear expression patterns in the
LIPO and control groups for COX2 suggest that LIPO may reduce pro-
apoptotic factors and inhibit apoptosis in cochlear cells.

Our study is the first study comparing the effects of LIPO and CDDP
across multiple mechanisms in the neuroblastoma in vivo model.
This is our study’s distinctive trait. For study limitations, there were
non-equal tumor growth rates due to the live animal model, sudden
unexplained animal deaths post-treatment was prevented by a pilot
study, and the different timings of the sacrifice of mice are limiting
factors in our study.

This study shows advantages of Lipo over CDDP like inhibition of pro-
apoptotic factors via COX2 expression, lower apoptosis and necrosis
compared to CDDP and better hearing thresholds compared to CDDP.
In addition to the COX2 expression being slightly positive in tumor
tissues from all 3 groups. All of these findings support the literature
knowledge about LIPO’s reduction of the dose-limiting side effects

of CDDP while inducing a strong apoptotic effect on the tumor, mak-
ing LIPO a safer and more effective alternative chemotherapeutic
agent to CDDP. Additionally, Boulikas18 reported that lipoplatin sub-
stantially reduced the renal toxicity, peripheral neuropathy, ototox-
icity, and myelotoxicity, as well as nausea/vomiting and asthenia of
cisplatin in phase |, Il, and lll clinical studies with enhanced or similar
efficacy to cisplatin. In literature, it is suggested that the advantage of
LIPO over CDDP is caused by its ability to enter tumoral vasculature
due to increased permeability of neo-angiogenic vasculature. This
causes increased drug delivery to the primary tumor and metastatic
sites. Nanoparticles are thought to be taken in either by phagocy-
tosis or by direct fusion with cell membrane.'®?' Future research is
needed to determine which molecular pathways play a role in LIPO’s
effect on tumor cells, tumor niche, and healthy tissues.

The limitation of our study is that we used a single dose of CDDP
and LIPO. In the treatment of human cancer, multidose, multicycle
protocols are generally used. In animal model studies, especially with
nude mice, it is not always possible to mimic multidose, multicycle
protocols as in human. Because, these protocols take time over sev-
eral months, which is not suitable for mice life period. Besides exi-
tus might occur in multicycles over time due to diarrhea, vomiting,
infections, or organ failure in these cellular immunodeficient mice.
In many animal model studies, single toxic dose is used for toxicity
studies. One of the administration dose of CDDP in neuroblastoma
patients is 10 mg/m? single dose with 28 days intervals. Ototoxicity is
a major problem in childhood cancers because, after cure, they will
have a longer life span than adults.

CONCLUSION

The hypothesis of our research is that LIPO treatment has a signifi-
cantly less-lethal effect on healthy tissue compared to CDDP and our
findings of the spiral ganglion and cochlea support this hypothesis.
We also managed to answer some of the following questions: LIPO
has different and better apoptotic and necrotic effects, causes less
cell death in spiral ganglion, and more expression of COX2 when
compared to CDDP.

All these results show the need for advanced studies aiming to
explain tumoral effects, microenvironmental effects, molecular
mechanisms, and pathways that reduce side effects and increase the
effectiveness of LIPO. In conclusion, mice in the LIPO group had bet-
ter hearing thresholds than mice in the CDDP group.
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