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Introduction

Central nervous system (CNS) tumors constitute a heterogeneous 
group of neoplasms that includes from well-differentiated and relative 
nonmalignant lesions, such as meningiomas, to highly invasive, 
undifferentiated lesions, such as multiform glioblastoma [1]. In the 
pediatric population, CNS tumors occur in 3.3 to 4.5 cases for every 
100,000 children per year [2,3], with astrocytic tumors being the most 
common lesion [4]. These tumors represent the second main cause of 
cancer in children (26%), only second to leukemia (30%) [5,6]. It is 
currently the leading cause of death from neoplasms in children [5]. 
Between 1970 and 2012, the rate of mortality was reduced by 76% 
for leukemias, while for tumors of the nervous system the percent-
age of mortality showed a reduction of 31% [5,7]. About 3 out of 4 
children with brain tumors (all types combined) survive at least 5 
years after being diagnosed; this number drops to 1 out of 4 in the case 
of glioblastoma [8]. In Mexico, children in the age group 0-9 years 
represent the most affected, with a predominance of male patients 
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presenting astrocytoma and medulloblastoma [9]. At the Hospital 
Infantil de México “Federico Gómez” (HIMFG) the most common 
cases of CNS tumors are astrocytomas (32%), medulloblastomas 
(19%), craniopharyngiomas (11%) and ependymomas (10.24%), with 
a significant incidence increase between 1970 and 2004 [10].

Traditional treatments for pediatric brain tumors include 
surgery, radiation, proton beam therapies, radiosurgery, targeted 
drug therapy, and cytotoxic chemotherapy, the latter reserved for 
children who have had treatment failure with surgery and radiation 
therapy [11]. Platinum-derived compounds, such as cisplatin and 
carboplatin, are widely used as chemotherapeutics in CNS tumors 
[12,13]. However, high dose-platinum therapies are limited by 
their cumulative nephrotoxicity and neurotoxicity [14]. In 2006, T. 
López, et al. reported the characterization of a novel nanobiocatalyst 
formed by functionalized titania network with 1% of platinum 
(NPt), this nanodevice showed an important antineoplastic activity, 
demonstrating, by means of experimental models, that it can cause cell 
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death mediated by apoptosis without causing any kind of damage to 
healthy cells, both locally and systematically [15,16]. The HIMFG has 
approved the application of this therapy as a compassionate treatment 
for resilient patients in accordance with the Declaration of Helsinki, 
ClinicalTrials.gov Identifier: NCT03250520. In this article we present 
a physicochemical and in vivo evaluation of the NPt’s properties, as 
well as a case report of a pediatric ependymoma tumor treated with 
the nanobiocatalyst. A possible mechanism of the cytotoxic action at 
the cellular level is also offered.

Methods and Materials

NPt synthesis

Pt-TiO2 (NPt) nanoparticles were obtained through the modified 
sol-gel method process previously reported [17] patented under WO 
2019/017723 A2, using Titanium (IV) butoxide (Sigma-Aldrich, 97%) 
as the precursor, acetylacetone (Sigma-Aldrich, 99%) as the solvent 
and without hydrolysis catalyst, and distilled water. An appropriate 
amount of Platinum (II) acetylacetonate (Sigma-Aldrich, 97%) was 
dissolved in acetylacetonate in order to obtain a 1% mol of Platinum. 
Functionalization agents were also added in order to develop an 
analogy with cells. The sample was dried at 70°C and crushed for 
further analysis.

Electronic microscopy

Scanning electron microscopy (SEM) was performed in a 
Hitachi-4800 Field Emission Scanning Microscope operated at 3 kV 
to investigate porous morphology and nanostructure. The cryogenic 
conditions were maintained with a constant liquid nitrogen flow 
through the SEM analysis chamber. The aqueous phase from the top 
surface of the bubble shape frozen sample was removed by maintaining 
the temperature gradient (10°C) for 5 min between the sample and 
the anticontamination plate. The sample was then transferred under 
the protection of a high vacuum into the cryo-FESEM microscope 
chamber and imaged at an accelerating voltage of 2 kV and at a 
working distance of 5 to 6 mm. The high magnification Transmission 
Electron Microscopy (TEM) images were obtained using TEM; JEOL 

2010, operated at 120 kV voltage equipped with energy dispersive 
spectroscopic (EDS) microanalysis system (OXFORD). The images 
were obtained using a CCD Mega Vision (III) camera.

X-ray photoemission spectroscopy

The spectra were collected in a VSW Scientific Instrument HA100 
with 285 lenses, the excitation source was Al Kα (E=1486.6 eV), the 
instrument is equipped with spherical sector analyzer; the analyzer 
pass energy was 22 eV and resolution of 0.6 eV. Calibration and 
reference spectra were taken the same day. A Shirley function was 
applied for background correction [18].

In vitro antitumor activity in cells

SH-DY5Y cells were cultured using DMEM containing 10% 
FBS, 10000 U penicillin/10 mg/mL streptomycin at 37°C in 5% CO2 
atmosphere. The cells were washed with PBS sterile and added 800 mL 
of trypsin (0.05%, EDTA) for each box. NPt was administered and a in 
situ transmission electron microscopy was carried out to observe the 
cells. The material was fixed in 5% glutaraldehyde in cacodylate buffer 
(0.067 M, pH 6.2) with 0.15% ruthenium red for 24 hours at 20°C. 
The material was then washed five times in the buffer, postfixed in 
2% osmium tetroxide in buffer, washed five more times in the buffer, 
and dehydrated through a series of acetone washes. The specimen was 
embedded in low viscosity embedding resin and strained with uranyl 
acetate and lead citrate, reinforced with evaporated carbon.

In vivo antitumor activity

The nanoparticles had already been tested in C6 glioma cells in a 
Wistar rat model, showing tumor elimination and no side effects [17].

Case Report

The present case is a 7 year and 3 months old right-handed 
male patient, with no significant family or an allergic background. 
Starts at the age of 2 years and 3 months with progressive headache 
and vomiting, after a neuroimaging study, neurologists diagnosed 
hydrocephalus as a consequence of the presence of a tumor in the 
posterior fossa (Figure 1a), surgical resection was performed removing 

   c)b)a)

Figure 1: T1 weighted MRI of encephalon with gadolinium; (a) first lesion detected at 2 years and 3 months; (b) first tumor recurrence at 6 years and 2 months; (c) 18-Fluoro-deoxyglucose 
positron emission tomography (FDG-PET) confirming tumor recurrence at 6 years and 5 months.
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90% of the lesion and a ventriculoperitoneal shunt was placed. The 
histopathological analysis indicates a Classic Ependymoma (WHO 
grade II). He remained hospitalized for three months, presenting 
ventriculitis as a complication and therefore, requiring multiple 
antibiotic treatment schemes. On discharge presented neurological 
cognitive and motor sequelae, and focal epileptic seizures treated with 
30 mg/kg/day of levetiracetam every 12 hours. After receiving 45 Gy 
of radiotherapy on an outpatient basis and neurological rehabilitation, 
partial recovery of motor and cognitive skills is observed.

When reaching the age of 6 years and 2 months, the mother of the 
child detected the onset of progressive deviation to the right of labial 
commissure and difficulty in swallowing of solids associated with 
alteration in gait. A neurological examination noted right peripheral 
facial paralysis, deviation of the soft palate to the left, alteration in solids 
swallowing, left hemibody with dysmetria and dysdiadochokinesia, 
and posterior opulsion of the march to the left. Tumor recurrence was 
diagnosed with a lesion in the stem and left cerebellum (Figure 1b). A 
resection surgery was performed again removing 85% of the tumor, 
leading to important neurological sequelae, requiring mechanical 
ventilation and tracheostomy and gastrostomy, remaining hospitalized 
for 2 months.

Three months after the last surgical procedure, Magnetic 
Resonance Imaging (MRI) showed tumoral growth that was later 
confirmed by 18-Fluoro-deoxyglucose positron emission tomography 
(FDG-PET) (Figure 2c). The patient required a new surgical procedure, 
resecting 80% of the tumoral mass. At this point, the patient presented 
important neurological sequelae. Histopathological diagnoses 
indicate a Recurrent Classical Ependymoma (WHO grade II). A 20 
Gy of radiotherapy was applied as palliative treatment. Clinically he 
was alert, active, have adequate interaction with the environment, 
obeyed simple orders and presented alterations in working memory 

and attention with moderate intellectual disability, the persistence 
of left peripheral facial paralysis, alteration in swallowing and left 
hemispheric cerebellar syndrome with tracheostomy without oxygen 
and was fed by gastrostomy (he had a Lansky scale of 70). Four months 
later, the patient presented again tumor recurrence in the brain 
observed in MRI (Figure 2a). After a joint informative session with 
the parents, it was decided to use NPt as compassionate treatment, 
in accordance with the national and international ethical guidelines 
and the previous agreement to the informed consent from the parents.

Results and Discussion

Electronic microscopy studies. Electronic microscopy studies 
were carried out to investigate the morphologic porous nanostructure 
of the NPt-Ca nanoparticles. SEM images (Figure 3a and 3b) show 
conglomerate formation with individual diameters of 0.2 to 1.0 μm. 
The TEM study (Figure 3c and 3d) confirmed particle size to be less 
than 10 nm in diameter. As expected, TiO2 exhibited a crystalline 
structure. A profound analysis throughout the nanobiocatalyst did 
not allow us to identify any point related to platinum nanoparticles. 
The absence of Pt nanoparticles is caused by the high dispersion and 
the low concentration of the metal. Nonetheless, when the sample 
was frozen the small nanoparticles previously observed (1-2 nm) 
agglomerated into 50 nm-particles, as the platinum in the non-
reduced sample was monodisperse. An EDX analysis carried out 
during the SEM study showed the composition of NPt material 
(Figure 4). As can be observed, the material is mainly composed 
of Ti and O (due to the TiO2 matrix), Pt and C. The large amount 
detected of carbon is due to the presence of acetylacetonate ligands 
that are forming mono or bidentate ligands with the oxygen atoms 
of octahedral titania. One the other hand, the different positions 
observed for Pt and Ti peaks indicate that titania supports platinum 
with different oxidation states.

   
 

b
 

c
 

d
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Figure 2: (a, b, c, e) Magnetic resonance imaging in different axial sections of the brain in T1 without gadolinium are observed in the different columns. In column (d) 18F-fluoro-ethyl-L-
tyrosine positron emission tomography. From left to right (a) 48 hours prior to placement and post placement (b) 24 hours, (c) 1 month, (d) 3 months and (e) 4 months.
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XPS spectra of the NPt nanoparticles are shown in the reference 
[18]. Due to the main interest in the titania matrix and the supported 
platinum, special attention was given to these peaks. The Ti 2p 
spectrum displays a spin-orbit split of 5.79 eV between the Ti 2p3/2 
(459.67 eV) and the Ti 2p1/2 (465.46 eV) peaks related with Ti(IV) 
species [18]. The O 1s signal was centered in 532.2 eV with a slight 
shift from the reported for conventional TiO2 commonly around 
530 eV [19]. This signal is formed by two bands located at 531.02 
and 532.51 eV, indicating two different oxygen species. The first was 
identified with the Ti-O bond in titania [17] and the last one with 
oxygen in the carbonyl group of acetylacetonate ligand [20]. In the 
platinum XPS spectra we show the 4f7/2 and 4f5/2 signals at 74.13 
and 77.26 eV, correspondingly. The spin-orbit split observed indicates 
a probable combination of Pt(II) and Pt(IV) species [17].

In vitro study

The obtained nanoparticles were tested in vitro directly with 
cancer cells (SH-DY5Y cells). A suspension of nanoparticles was 
incubated directly with the cells and a TEM study was carried out 
to observe the behavior of the nanoparticles in situ (Figure 5). The 
internalization mechanism of the nanoparticles is endocytosis (Figure 
5a-5c), specifically pinocytosis, a biological process used by the cell 
to uptake liquids and macromolecules from the extracellular matrix 
through vesicles [21]. 

Our main hypothesis is based on the fact that the functionalization 
agents in the NPt resemble those found in cellular biology [22-25]. 
The endocytosis process is believed to be carried out due to a specific 
ligand-receptor interaction between the functionalization elements 

a) b) 

c) d) 

Figure 3: (a, b) SEM and (c, d) TEM images of the NPt nanoparticles. SEM images with a cote of 1 μm (a) and 500 nm (b) show agglomerates with diameters from 0.2 to 1.0 μm. TEM images 
with a cote of 20 nm (c) and 10 nm (d) confirm particle size to be less than 10 nm in diameter.

Figure 4: EDS spectrum of the NPt nanoparticles. The appearance of Ti, O, and Pt peaks indicates the presence of the platinum supported in titania. Characteristic peaks of titanium and 
platinum distributed in different positions of the spectrum indicates platinum stabilized in titania with different oxidation states.
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in the surface of the nanoparticles (possibly phosphate) and an 
unidentified receptor exclusively found in the cancer cells. This theory 
is supported by the specificity observed in previous works [26,27], 
in which the nanoparticles entered in the malignant cells while 
healthy cells were only surrounded without exhibiting endocytosis. 
The identification and characterization of such receptor remains in 
process. Another hypothesis considers the enhanced permeability 
and retention (EPR) effect observed in the tumor environment, in 
which liposomes, nanoparticles, and macro-molecular drugs tend to 
accumulate in tumor tissue much more than they do in normal tissues 
[28-31]. This phenomenon could induce endocytosis by accumulation. 
In both theories, nanoparticles exhibit high selectively, entering only 
cancer cells by means of vesicle uptake.

Nanoparticles surrounding the malignant cell (Figure 5a) start 
entering the membrane trough vesicle formation (Figure 5b) and are 
endocytosed into the cytosol (Figure 5c). The vesicle formed exhibits 

the NPt distributed on its luminal face (Figure 5d), which supports the 
hypothesis of a ligand-receptor binding. In the cytosol, vesicles travel 
through the intracellular matrix (Figure 5e and 5f) and disintegrate 
liberating the nanoparticles in the intracellular matrix (Figure 5g-5i), 
where they pursue two objectives: the mitochondrial crest and the 
nuclear membrane (Figure 5j-5l). This behavior can be explained in 
terms of the acidity of the deoxyribonucleic acid (DNA) present in 
both the nucleus and the mitochondria, which makes these organelles 
highly reactive to the nanoparticles. The main targets of the NPt are the 
phosphodiester bonds and the nitrogen bases, which present available 
electron pairs that allow them to be adsorbed by the nanobiocatalyst’s 
surface [15]. The nanoparticles then carry out a catalytic reaction 
breaking the C-C and C-N bonds in the molecules involved, hence 
modifying the structure of the DNA. These transformations initiate 
a signaling pathway that ends up in the death of the cell (apoptosis) 
[32]. In Figure 5k and 5l a mitochondrion is observed to be filled with 

 
Figure 5:TEM micrographs of SH-DY5Y cells treated with NPt. Nanoparticles surrounding the malignant cell (a) enter the membrane trough vesicle formation (b) and are endocytosed into 
the cytosol (c), distributed on the luminal face of the vesicle (d). Vesicles travel through the cytosol (e,f) and disintegrate liberating the nanoparticles (g,h,i) which attack mitochondria and the 
nucleus (j,k,l). Yellow lines indicate the position of the nanoparticles outside the cell. M-mitochondrion. VNP-vesicle with nanoparticles
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nanoparticles, carrying out the catalytic reactions mentioned above. 
The process is synthesized in Figure 6.

In vivo analysis. Nanoparticles were applied in the pediatric 
patient with ependymoma following the correspondent ethic statutes 
of the HIMFG, which has approved the application of this therapy as a 
compassionate treatment for resilient patients in accordance with the 
Declaration of Helsinki, ClinicalTrials.gov Identifier: NCT03250520. 
Ependymomas show histological similarities with the lining cells 
surrounding the ventricles, with the posterior fossa being the most 
common location (60-70%) [33,34]. Its historical classification 
has been controversial since the differences between classical and 
anaplastic ependymoma does not represent any benefit from a clinical 
point of view, nor in the decision-making process [35-37]. The most 
important prognostic factor to consider a cure is the percentage of 
surgical resection, 41 ± 7% of the patients with partial resection can 
live without the disease for 3 years in, compared to 73 ± 4% of those 
having a total resection [38,39]. There are no randomized studies that 
demonstrate the benefits of radiotherapy, considering that its response 
is only partial, observing recurrence in 50% of all the cases [39,40].

Our patient presented a recurrent classical ependymoma that 
did not respond to surgical treatment. There are isolated reports that 
indicate that after the tumor recurrence, it is possible to improve 
patient’s survival with a new radiotherapy cycle, however, in this 
case no benefit was observed [39,41]. This tumor is resistant to 
chemotherapy and no adjuvant therapy has brought any benefit 
to the patient [40,42]. Recurrence in most cases is local and with a 
high mortality, with a 5 years survival from 0 to 25% [34,41]. A new 
resection surgery was performed with the removal of 90% of the 
tumor. After resection, 3 g of NPt were placed in the surgical bed 
before closure. Patient without postoperative complications remains 
under hospital supervision for 10 days without observing local or 
systemic adverse effects, clinical and radiological outpatient follow-up 
on a weekly basis for one month. Follow-up by external consultation 
continues without complications (Figure 2a). 18F-fluoro-ethyl-L-
tyrosine positron emission tomography (18F-FET) was performed 
3 months after the placement of NPt in which radiopharmaceutical 
uptake was not observed (Figure 2b).

After NPt administration in glioblastoma experimental models, 
tumor reduction has been confirmed [17,43,44]. This compound is 

internalized into cancer cells by endocytosis and produces cell death 
through apoptotic mechanisms mediated by caspase-3 [45]. So far 
no adverse effects associated with the use of this nanomaterial have 
been documented; the cellular mechanism by which it is selectively 
detected by cancer cells without causing injury to the healthy cells 
is still under investigation, as the present case demonstrates. The 
FET-PET study has shown 94% of sensitivity and 88% specificity 
for CNS tumors detection, and it is considered superior to FDG-
PET for cancer recurrences detection [46,47]. It is essential that the 
nanoparticle moves directly to the tumor and forms a halo that can 
be observed by magnetic resonance image as a white circle with a lot 
of light (Figure 2d). In order to know the role of the nanoparticles in 
front of the tumor, magnetic resonances were taken every week. It was 
observed that the nanoparticles were found inside the tumor between 
the malignant cells at the same time that they closed the ring until 
the cancerous part was completely saved. We turned to the cat that 
was marked with that is completely selective to brain tumors what was 
found was the total disappearance of the tumor. There were scattered 
nanoparticles on the right side. Floating in the cerebrospinal fluid, 
these disappear from the organism little by little via the kidneys.

After 6 months of monthly follow-up post-NPt administration 
no signs or symptoms of tumor recurrence are observed. MRI does 
not show signs of adverse effects caused by nanobiocatalyst or tumor 
growth; hematological, pancreatic, renal, and hepatic levels are 
normal, without alteration. The absence of the radiopharmaceutical 
and the clinical improvement observed in the patient in terms of facial 
paralysis and cerebellar syndrome make us consider it a successful case 
of cancer elimination, as well as a proof of the antineoplastic efficiency 
of the platinum stabilized in functionalized titania. A new FET-PET 
analysis is pending in order to confirm cancer absence. Further studies 
are yet to be carried out to identify the exact mechanism of action 
of the nanoparticles, specifically regarding the selective endocytosis 
process.

Conclusion

In this article we synthesized and characterized a nanostructure 
compound based on titania and platinum that exhibit antineoplastic 
properties. The nanoparticles were studied in a cell model to observe 
their behavior in the intracellular matrix. This analysis showed that 
the NPt entered the cell through endocytosis and, afterward, attack 

 
Figure 6: Mechanism of endocytosis and catalysis followed by the nanobiocatalyst (NPt) in the malignant cell. A possible ligand-receptor interaction in the plasmatic membrane triggers 
endocytosis and the NPt enter de cell in vesicles, travel through the intracellular matrix and arrive to the mitochondria and the nucleus, where they carry out catalyst reactions that modify the 
structure of the DNA causing apoptosis. 
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both the mitochondria and the nucleus, where the nanoparticles 
catalyze the breaking of the C-C and C-N bonding present in the DNA 
chain. Our hypothesis is that the functionalization agents present in 
the nanobiocatalyst develop a ligand-receptor interaction with the 
receptors in the plasmatic membrane surface of only malignant cells, 
hence activating the endocytosis. Further studies must be carried out 
to identify such receptors. This case of tumor elimination through 
nanobiocatalyst administration demonstrates the importance of 
continuing research studies in catalytic nanomedicine. We continue 
with the clinical, radiological, and laboratory follow-up of our 
patient. Remaining vigilant of recurrence data and the presence of 
undocumented side effects.
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