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New therapeutic target for 
pediatric anaplastic ependymoma 
control: study of anti-tumor 
activity by a Kunitz-type molecule, 
Amblyomin-X
Lorena Favaro pavon1, David Capper2,3, tatiana tais sibov1, silvia Regina Caminada  
de toledo  4, Ulrich-W. thomale5, Jean Gabriel de souza6,7, Francisco Romero Cabral  8, 
Carolina Maria Berra9, Marcos Devanir silva da Costa1,4, Jardel Mendonça Niçacio1,4, 
patrícia Alessandra Dastoli1,4, Daniela Mara de oliveira10, suzana M. F. Malheiros1,8, 
edgar Ferreira da Cruz11, Jackeline Moraes Malheiros12, sérgio Mascarenhas de oliveira12, 
Nasjla saba silva4, Antonio sérgio petrilli4, Andrea Maria Cappellano4, Milena Colò Brunialti13, 
Reinaldo salomão  13, Manoel A. de paiva Neto1, Ana Marisa Chudzinski-tavassi6,7 & 
sérgio Cavalheiro1,4

EPNs comprise a heterogeneous group of neuroepithelial tumors, accounting for about 10% of all 
intracranial tumors in children and up to 30% of brain tumors in those younger than 3 years. Actually, 
the pattern therapy for low-grade epNs includes complete surgical resection followed by radiation 
therapy. total surgical excision is often not possible due to tumor location. the aim of this study was to 
evaluate, for the first time, the anti-tumor activity of Amblyomin-X in 4 primary cultures derived from 
pediatric anaplastic posterior fossa epN, Group A (anaplastic, WHo grade III) and one primary culture 
of a high grade neuroepithelial tumor with MN1 alteration, which was initially misdiagnosed as EPN: 
i) by in vitro assays: comparisons of temozolomide and cisplatin; ii) by intracranial xenograft model. 
Amblyomin-X was able to induce cell death in EPN cells in a more significant percentage compared to 
cisplatin. The cytotoxic effects of Amblyomin-X were not detected on hFSCs used as control, as opposed 
to cisplatin-treatment, which promoted a substantial effect in the hAFSCs viability. TEM analysis 
showed ultrastructural alterations related to the process of cell death: mitochondrial degeneration, 
autophagosomes and aggregate-like structures. MRI and histopathological analyzes demonstrated 
significant tumor mass regression. Our results suggest that Amblyomin-X has a selective effect on 
tumor cells by inducing apoptotic cell death and may be a therapeutic option for Group AepNs.
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Ependymoma (EPN) is a central nervous system (CNS) malignant illness of the ventricular system walls, being 
the third most common pediatric brain tumor1. The most common location, in children, is in the posterior fossa, 
after that the cerebral hemispheres. Over the past decade, posterior fossa EPN has been much investigated as the 
common cause of injury and death in children2,3.

EPNs has been the cause of 5% of all brain and CNS tumors in children and teenagers compared with 2% of 
adult patients3. EPNs are traditionally classified by the World Health Organization (WHO) as grades I, II and 
III according to the anaplasia grade. Clinical and research observations have been challenging the concept that 
prognosis can be done solely based on classical histological grades4. Age groups, EPN location, and molecular 
genetic alteration have a strong impact on the prognosis5,6. Pajtler et al.6 set a EPNs constant molecular classifi-
cation using DNA methylation profiling. Nine subgroups were acknowledged in a cohort of 500 tumors, three 
in each CNS structural section, supratentorial (ST), posterior fossa (PF) and spinal (SP). This new classification 
indicates genetic heterogeneity within the same histological grade in which determines EPN behavior, therefore 
the tumor prognosis.

Pavon et al.7 set anaplastic EPNs primary cell culture (WHO grade III) contained in the posterior fossa (PF), 
from 1–10-year-old patients EPNs. Immunophenotypic pluripotency markers profile (CD133, CD90, SSEA-3 and 
CXCR4) was characterized and set an EPN experimental model, through intracerebroventricular infusion of EPN 
cells, which was able to replicate the histopathological characteristics of the original tumor with preservation of 
phenotypic features, of patient tumor, containing pseudorosettes, a histological hallmark of EPN.

Currently, the standard therapy for EPN includes radical surgical removal followed by radiation therapy. Due 
to the tumor location and the damage surrounding brain, it is common the non-possibility of radical surgical 
resection. EPN presents a remarkable resistance to nonsurgical conventional therapies (chemo and radiotherapy) 
and its treatment remains challenging. To date, there has been no effective treatment for ependymoma. Cisplatin 
has a modest response rate of 20–30%8,9. Meco et al.10 described EPN stem-like cells sensitive to temozolomide 
treatment by its inherent cell differentiation-inducing capability; however, the differentiated EPN stem cells 
acquired resistance to this agent. Therefore, new therapeutic options are needed.

Amblyomin-X, a homolog of Kunitz-type protein recognized in the salivary glands transcriptome from adult 
Amblyomma cajennense tick, presented anticoagulant and antiangiogenic properties, and also antitumor activ-
ity via induction of apoptosis and reticulum stress11–14. Current studies have demonstrated the Amblyomin-X 
cytotoxicity in different human tumor cells lines such as pancreatic (Panc1, AsPC1, BxPC3) and melanoma 
(SK-MEL-5 and SK-MEL-28)13,15. Particularly, cytotoxicity was not detected on non-tumor cells treated with 
Amblyomin-X, suggestive of discrimination for cancer cells.

This molecule’s Kunitz-type domain is similar to that of the endogenous tissue factor pathway inhibitor 
(TFPI)12 has anticoagulant, antigionenic and antitumor properties16,17. Amblyomin-X also acts by non-hemostatic 
mechanisms, such as proteasome inhibition10,14.

The aim of this study was to evaluate the antitumor activity of Amblyomin-X in pediatric anaplastic EPN pri-
mary culture and intracranial xenograft model, using the following strategy: i) the establishing of EPN primary 
culture up to the fourth cell passage; (ii) evaluation of the cellular cytotoxic effect of Amblyomin-X on human 
amniotic fluid stem cells (hAFSCs) and EPN primary culture by MTT assay for cell viability, flow cytometry using 
FITC Annexin V Apoptosis Detection Kit with 7-AAD; (iii) EPN primary culture labeled with nanoparticles; iv) 
experimental model by stereotactic intracerebroventricular infusion of labeled EPNs cells from 1–10 year-old 
patients; v) evaluation of the cytotoxic effect of Amblyomin-X in animal model by magnetic resonance imaging 
(MRI) and histological analysis of tumor tissues.

Results
EPN cells (n = 5) were previously characterized by pathological and molecular assay and one case was rediag-
nosed as high-grade neuroepithelial tumor with MN1 alteration; in the sequence, research was continued with 
the investigation by following approach:

Amblyomin-X induces cytotoxicity in epN cells. Our first stage was to estimate Amblyomin-X effects 
in vitro, by comparing its viability’s effect in the EPNs primary cell culture and hAFSCs culture as normal cells 
control. Both EPNs and hAFSCs cells had a time-dependent and Amblyomin-X concentration-dependent 
(Fig. 1B,D).

Morphology study of EPN cells treated 24 h with Amblyomin-X shown minor changes and cell adhesion 
damage (Fig. 1B). Cells treated in forty-eight hours were certified as cell contraction, adhesion damage, inter-cell 
elongations loss and dispersed cell aggregates formation (Fig. 1D.q,r). EPN control cell (treated with vehicle in the 
same experimental conditions), exhibited a homogeneous culture distribution on the plate, exhibited a fusiform 
arrangement and multidirectional bundles set (Fig. 1B.f;1D.p). Conversely, when hAFSCs were evaluated under 
the same conditions, was not observed cytotoxic effect (Fig. 1A.a–e;1D.k–o). Furthermore, cells morphology 
did not change even after 24 h (Figures b,c) and 48 h of treatment (Fig. 1D.l,m), i.e., these cells remained with 
their original morphological fibroblastic-like characteristics (Fig. 1B.a;1D.k). Analysis of cell morphology after 
24 and 48 h of treatment using temozolomide or cisplatin revealed morphological changes in both cell types 
(Fig. 1B.d,e,i,j;1D.n,o,s,t). Significant cytotoxic effects were observed on hAFSCs (Fig. 1B.d,e;1D.n,o), specially 
inter-cell elongations loss and dispersed cell aggregates formation using cisplatin (Fig. 1B.e;1D.o).

These results corroborated by cells viability assays, which demonstrate that after 24 h (Fig. 1A) and 48 h 
(Fig. 1C) of treatment with Amblyomin-X (10 µM and 20 µM) the EPNs cells display approximately 80% and 
55% of viability, respectively. Cytotoxic effects of Amblyomin-X observed in EPN cells were more significant than 
observed after incubation with temozolomide for 48 h, 90% of viability.

Amblyomin-X cytotoxic effects were reproduced in five samples used in study: four EPN cells lines and CNS 
high grade neuroepithelial tumor with MN1 alteration, in which we choose to keep in the study considering the 

https://doi.org/10.1038/s41598-019-45799-4


3Scientific RepoRts |          (2019) 9:9973  | https://doi.org/10.1038/s41598-019-45799-4

www.nature.com/scientificreportswww.nature.com/scientificreports/

important effect of Amblyomin-X on high grade tumor cells by induce apoptotic cell death. It is worth mention-
ing that similar results were observed when we used cells derived from a neuroepithelial tumor that can be easily 
misdiagnosed when the molecular and epigenetic characterization is not performed.

Cell apoptosis analysis by Flow Cytometry. Induction of apoptosis after treatment with Amblyomin-X 
(10 and 20 µM) and cisplatin (20 µM) was evaluated in EPNs and hFSCc for 24 and 48 h by FITC Annexin 
V/7AAD.

The percentages of cell death in EPN observed after 24 h and 48 h of treatment with 20 µM Amblyomin-X 
were: early apoptotic cells (2,76%; 13,4%), late apoptotic or necrotic cells (6,71%; 45,7%), dead cells (12,3%; 
17,8%), respectively (Fig. 2B). These results were more substantial than the results observed after treatment with 
cisplatin (20 µM) for 48 h: 13,7% early apoptosis, 16,3% late apoptosis or necrosis and 21,5%, death (Fig. 2B).

Our results show that Amblyomin-X induced cell death in EPN cells and, more significantly, were not 
observed cytotoxic effects in hFSCs (Fig. 2A), in which were used as normal control.

However, the treatment with cisplatin (20 µM) affected hFSCs viability considerably. After 24 h and 48 h of 
treatment with cisplatin (20 µM) the cells display approximately 90% and 70% of viability, respectively (Fig. 1A,C); 
and the percentages of cell death obtained after 48 h of treatment were the follow: 15,2% early apoptosis, 16,2% 
late apoptosis or necrosis and 5,64% death (Fig. 2A).

epN cells ultrastructural characterization. Ultrastructural characterization was performed in EPNs cell 
treated with Amblyomin-X (1.0 µM) for 48 h and untreated EPNs cell (vehicle control).

Untreated EPN cells analysis presented the following cytological description, spindle morphology and oval 
nuclei (Fig. 3a). The cell nucleus contains heterochromatic bundles and nucleoli (Fig. 3a). EPN cells exhibited sig-
nificantly the presence of mitochondria with evident crests (Fig. 3h) and rough endoplasmic reticulum organized 
in tube-like structures known as cisternae (Fig. 3o).

Analysis of the EPN cells after Amblyomin-X treatment demonstrate various ultrastructural altera-
tions compared to the control: i) altered pattern of nuclear heterochromatin condensation, initial appearance 
of pyknotic-like (Fig. 3b–d; ii) significant presence of mitochondria without evidence of crests, from small 
electron-dense (Fig. 3b–d,n) to large elongated (Fig. 3f-I,t,u) which described ultrastructural degeneration 
(Fig. 3f-i,t,u); iii) rough endoplasmic reticulum with disarranged cisternae (Fig. 3g,I,m,q,t,u); iv) presence of large 
number of autophagosomes or autophagy corpuscle (Fig. 3f-i,l,m,p,q); v) multivesicular bodies or late endosomes 
with eletron-denses (Fig. 3l) or no eletron-denses vesicles (Fig. 3q,s); vi) numerous microfilament (Fig. 3l,p,r,t,u); 

Figure 1. (A) Cell viability assay of hFSCs and EPN cells treated with DMEM-LG (vehicle), Amblyomin-X 
(10 and 20 µM), Temozolomide (100 µM) and Cisplatin (20 µM) for 24 h. (B) Cytological aspects of hFSCs 
(b-e) and EPN cells (g-j) treated with Amblyomin-X (10 and 20 µM), Temozolomide (100 µM) and Cisplatin 
(20 µM) for 24 h of treatment. (C) Cell viability assay of hFSCs and EPN cells treated with DMEM-LG (control), 
Amblyomin-X (10 and 20 µM), Temozolomide (100 µM) and Cisplatin (20 µM) for 48 h. (D) Cytological aspects 
of hFSCs (l-o) and EPN cells (q-t) treated with Amblyomin-X (10 and 20 µM), Temozolomide (100 µM) and 
Cisplatin (20 µM) for 48 h of treatment. Cytological aspects of hFSCs (B.a;D.k) and EPN cells (B.f;D.p) no 
treated. Scale: 100 µm.
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vii) presence of secondary lysosomes (Fig. 3s); viii) vesicular transport systems (Fig. 3r,u); ix) aggregate-like struc-
tures (Fig. 3j); x) putative aggresomes (Fig. 3k).

epN-mass was reduced by Amblyomin-X treatment. EPN cells were labeled with multimodal iron 
oxide nanoparticles conjugated with Rhodamine-B (MION-Rh), in order to be visualized in tumorigenicity tests, 
MRI and fluorescence imaging. MION-Rh nanoparticles were internalized by EPN cells and form intracellularly 
granules or fluorescent red clusters (Fig. 4A.a).

After EPN cells (MION-Rh) stereotaxic implantation (Fig. 4A.b) into the third ventricle, we observe tumor 
growth progression, in which it was viewed by fluorescence and X-Ray analysis. After 45 days, the tumor was 

Figure 2. Induction of apoptosis by Amblyomin-X in (A) hFSCs and (A) EPN cells. The cells were incubated 
with 10 and 20 µM Amblyomin-X in DMEM-LG for 24 and 48 h, Cisplatin (20 µM) for 48 h and analyzed by 
flow cytometry using 7AAD and FITC-conjugated Annexin-V. It is worth mentioning that similar results were 
observed when we used cells derived from a neuroepithelial tumor. Quadrants 1–4: viable cells; early apoptotic 
cells; late apoptotic or necrotic cells; dead cells, respectively. Negative control: treatment with DMEM-LG; 
positive control to apoptosis: treatment with DMEM-LG and H2O2 [30%].

Figure 3. TEM of a primary cell culture of human EPNs treated with DMEM-LG (vehicle) (a, h, o) and 
primary cell culture of human EPNs treated (b-g, i-n, p-u) with Amblyomin-X (1.0 µM) in DMEM-LG for 
48 h. n = nucleus; c = cytoplasm, nu = nucleoli; mi = mitochondria; rer = rough endoplasmic reticulum; 
crer = cisternae of rough endoplasmic reticulum; mt = microtubules; mf = microfilaments; mb = multivesicular 
bodies; ly = secondary lysosomes; black arrow = autophagosomes; white arrow 1 = aggregate-like structures; 
white arrow 2 = putative aggresomes. Scale: (a) 5.0μm; (b, c, d) 2.0μm; (e, f) 1.0μm; (g-u) 0,5 µm.
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detected due to fluorescence of the labeled cells (Fig. 4A.c). After 21 days of treatment with Amblyomin-X 
(1.0 mg/kg/day) by intra-peritoneal injection, we observed a significant decrease in the fluorescence signal indi-
cating a tumor mass regression (Fig. 4A.d). Tumor growth was examined using MRI test (Fig. 4A.e;4B).

T2-weighted images exhibited hypointense zones in third ventricle, with subsequent ventricular dilatation, in 
which were more evident in the T2

*-weighted images in the same area. Control group showed no sign of alteration 
during MRI.

These results detected significant tumor mass regression (Fig. 4A.c,d;4B) by comparing the two groups: EPN 
not treated, with EPN treated with Amblyomin-X (1.0 mg/kg/day).

Histological analysis of epN’s-brain after in vivo Amblyomin-X treatment. Histological, histo-
chemical for Prussian Blue (EPN cells labeled with MION-Rh) and immunohistochemical staining, of rat brains 
(Fig. 5), demonstrated that EPN that has receive only vehicle exhibited high cellularity located in the third ven-
tricle (Fig. 5b–d), invading periventricular areas (Fig. 5a,e–h) and proliferating through surrounding regions 
(Fig. 5g,h). Immunohistochemical analysis for the expression of human GFAP confirmed the glial origin of tumor 
(Fig. 5f), Ki67 detection shown high number of cycling cells in tumor tissue (Fig. 5g,h) and high expression of 
vascular endothelial growth factor (VEGF) in tumor.

Analysis of rats that received Amblyomin-X (1.0 mg/kg/day by intra-peritoneal injection) treatment (Fig. 5 
a’-I’) revealed tumor mass regression, when compared control group (vehicle) (Fig. 5a–i), for example: decreased 
tumor mass in the ventricular space (Fig. 5b’-d’, f ‘–h’) and in the brain parenchyma (Fig. 5e,f ’).

Discussion
EPNs are one of the most severe neoplasms in Pediatric Oncology because it presents an important pluripoten-
tiality profile, which justifies the lack of efficient chemotherapy agents in the treatment. The long-term clinical 
outcome of pediatric intracranial EPN is poor with a high rate of recurrence. Therefore, effective therapeutic 
agents are urgently needed.

We evaluated, for the first time, the potential antitumor therapeutic application of Amblyomin-X in EPN 
primary culture.

Figure 4. (A) a) Detection of MION-Rh labeled EPN cells by fluorescence assay. Magnification: 100×. 
(A) b) Stereotaxic implantation of MION-Rh labeled EPN cells in brain tumor experimental models. (A) 
c) Combined fluorescence and X-Ray tomography for in vivo detection of tumor (vehicle - saline) generate 
by infusion of MION-Rh labeled EPN cell. (A) d) Combined fluorescence and X-Ray tomography for in 
vivodetection of tumor treated with Amblyomin-X. (A) e) Radiofrequency bobine of animal positioning of the 
MRI neuroimaging equipment (2 Tesla): superconducting magnet 85310HR. (B) MRI monitoring of in vivo 
EPNs with no treatment (vehicle) and EPN with treatment (Amblyomin-X) of the case study 1 and 2 of the 
animals. Controls used are without any EPN cell transplantation, only sterile saline solution. Cases studies 1 and 
2 represent fifteen independent experiments were performed. It is worth mentioning that similar results were 
observed when we used cells derived from a neuroepithelial tumor.
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Amblyomin-X is a recombinant protein identified on cDNA library from salivary glands of Amblyomma 
cajennense tick, which have shown antitumor, antiangiogenic and anticoagulant properties18.

Herein, Amblyomin-X treatment was able to induce cell death on EPN cells, but, excitingly, it did not decrease 
the viability of normal cells, preserving their original morphological characteristics of fibroblast-like cell type. 
On the other hand, the morphological and viability analysis of hAFSCs under temozolomide or cisplatin treat-
ment revealed significant changes induced by cytotoxic effects, such as, dispersed cell aggregates formation and 
inter-cell elongations loss.

Concerning selective potential of Amblyomin-X by tumor cells, our results corroborated previous data, which 
demonstrate that Amblyomin-X acts on tumor cells with low toxicity in normal cells17. In addition, this great 
advance was confirmed for EPN’s, where the compared treatment with other current drugs preconized its tumor 
was superior19–22. For example, Phi et al.,23 have been used, as cells control, neural stem cells (NSCs) derived from 
the neocortex and immortalized astrocytes of the treatment with STAT3 inhibitors, which exhibit low viability 
compared to our results, i.e. 90–95% of hAFSCs viability.

Rudà et al.,22 described temozolomide as recover treatment for recurrent intracranial EPNs; however, com-
plete response was achieved in only 5% of the patients and with median progression-free survival of 9.69 months. 
Platinum-based regimens is another treatment option, yet limited, in EPNs21.

In our studies, morphological analysis of EPNs cells after 24 h of Amblyomin-X treatment displayed minor 
changes or cell adhesion damage. Cells treated in forty-eight hours were certified as cell adhesion damage, 
dispersed cell aggregates formation and inter-cell elongations loss, compared to EPN control cell (vehicle). 
Amblyomin-X was able to reduce EPN cell viability in a time and dose-dependent manner. These results indicates 
that Amblyomin-X is more effective against EPNs than temozolomide or cisplatin.

In addition, EPNs cells morphological aspects changes, the phosphatidylserine exposition and DNA deg-
radation were evaluated by FITC Annexin V/7AAD assay, after treatment with Amblyomin-X. We found that 
Amblyomin-X was able to induce apoptosis selectively in the EPNs cells, in accordance with the findings studies 
in renal cell carcinoma (RCC)24,25.

MTT assay results and flow cytometry corroborate with ultrastructural investigation, which demonstrate var-
ious alterations involved on cell death process, i.e: pyknotic-like nucleus, degenerated aspect of numerous mito-
chondria, rough endoplasmic reticulum with disarranged cisternae, autophagosomes or autophagy corpuscle, 
late endosomes, aggregate-like structures and aggresomes. Another studies using Amblyomin-X treatment also 
revealed, by TEM, spherical-type aggresome formation and alteration in rough endoplasmic of the tumor cell 
lines14,24.

Preclinical evidence25,26 has shown that aggresomes and the autophagy pathway have a crucial compensatory 
role in the protein-clearance mechanisms that eradicate potentially toxic proteins to promote resistance to pro-
teasome inhibitors and, hence, tumor survival.

Amblyomin-X was able to recognizing renal tumor mass in animal bearing and remained for 3 times more 
than healthy animal, which has excreted via renal system25. Additionally, in healthy animal were not observed 
cytotoxic effects when used the concentration 100 fold more in acute dose-Amblyomin-X treatment during pre-
clinical assays25. Several previous data have evaluated the Amblyomin-X action on process of tumor cell death 
with modulations related to the cell cycle arrest and inhibition of the ubiquitin-proteasome system, disturbing 
its catalytic activity and leading to cell death via apoptosis13–17,26. Ours hypothesis could be that the same mech-
anism occurs in EPN cells. The present data concerning EPN’s-Amblyomin-X treated, have demonstrated series 
of intracellular events linked to cytotoxic effects leading to tumor cell death by induction aggresomes formation, 
as a possible non-exclusive ubiquitin pathway27,28. The power anticancer activity of Amblyomin-X on EPN cells 
compelled us to examinate this compound effectiveness in vivo, applying the established xenograft models7.

The intracranial xenograft model built from pediatric EPNs has showed an important approach to preclinical 
drug discovery7. Fluorescence, X-Ray and MRI detected tumor growth progression.

After 21 days of the daily treatment of EPN xenograft model with Amblyomin-X (1 mg/kg), by intra-peritoneal 
injection, we observed a significant tumor mass regression compared to the control (vehicle), in which was inves-
tigated by fluorescence, X-Ray, MRI and histological analysis.

Figure 5. Immunopathological tumor analysis. a-i) EPN treated with vehicle. a’- I’) EPN with treatment of 
Amblyomin-X. a, a’) Histochemical analysis with Prussian Blue for MION-Rh detection in EPN cells.b-d; b’-d’) 
Hematoxylin and eosin staining.e,f;e’, f ’) Immunohistochemical assay of tumor for glial fibrillary acidic protein 
(GFAP). g,h; g’-h’) Immunohistochemical assay of tumor for Ki67 for proliferation cellular detection. i, i’) 
Immunohistochemical assay of tumor for VEGF. White arrow: hemosiderin granules. Scale: 50 μm.
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MRI assay was extremely important to control tumor growth; T2-weighted images showed hypointense zones 
in third ventricle, with subsequent ventricular dilatation, in which were more evident in the T2

*-weighted images 
in the same area. These results revealed tumor mass regression on the side of histopathological test, which con-
firmed reduction of dilatation of the third ventricle with decreased tumor cells proliferation in the same area.

These results are in accordance with the in vitro assays, were Amblyomin-X treatment have showed cytotoxic 
activity on EPN cells, induce cell death by apoptosis and a slight or no activity. Concluding, our results showed 
that Amblyomin-X acts selectively on EPN cells whereas it as a safety-potential anti-EPNs drug candidate.

Certainly, it would be of great importance the DNA methylation array study in molecular subtypes of EPN in 
both cell lines and tissue samples in vivo, building thus, a comparative profile among these subtypes and treatment 
with Amblyomin-X. Future trials will be developed, so we could lead to more precise prognostic assessments.

Materials and Methods
Five human anaplastic EPNs (WHO grade III), located in the PF from 1–10 year-old patients, were submitted to 
resection at Pediatric Oncology Institute, Grupo de Apoio ao Adolescente e à Criança com Câncer (GRAACC), 
Department of Neurology and Neurosurgery, Federal University of São Paulo(UNIFESP), São Paulo, Brazil. All 
parent and/or legal guardians signed an informed consent for the study and all methods involving human samples 
were performed in accordance with the relevant guidelines and regulations (Ethical Committee in Research of 
Federal University of São Paulo_UNIFESP).

Recently, EPNs were classified according to the DNA methylation profile6, such classification showed to be 
increasingly dependent on molecular biology findings29. We highlight the WHO revised 2016 classification of 
CNS tumors4, which incorporates, for the first time, genetic information in addition to morphology for the clas-
sification of many tumor entities30,31.

As follows, both the pathologic anatomy and molecular diagnostics of EPNs were described in the Table 1. 
We performed molecular diagnostics through the methylation profile using Illumina DNA methylation arrays 
according Capper et al.32, in collaboration with Institutfür Neuropathologie Charité - Universitätsmedizin Berlin, 
Germany.

epNs primary culture establishment. EPNs samples (n = 5) were washed in phosphate-buffered saline 
(PBS) (1×) followed by enzymatic dissociation with collagenase-I 0.3% (Sigma-Aldrich). The isolated cells were 
resuspended in Dulbecco’s Modified Eagle’s Medium-Low Glucose (DMEM-LG, Gibco/Invitrogen Corporation) 
and processed according Pavon et al.7.

Collection Amniotic Fluid (AF) and culture of hAFsCs. We used hAFSCs as control samples, since this 
cell type is one of our ongoing scientific research projects. hAFSCs have been classified as a novel type of broadly 
multipotent/pluripotent stem cells sharing characteristics of both embryonic and adult stem cells33.

All pregnant women signed an informed consent for the study and all methods involving human samples were 
performed in accordance with the relevant guidelines and regulations (Ethical Committee in Research of Federal 
University of São Paulo_UNIFESP). Fetal AF (40 mL each) was obtained from six pregnant women with fetuses 
undergoing repair of Myelomeningocele (MMC), with gestational age of 26 weeks.

After collection the samples were kept in Dulbecco’s modified Eagle’s Medium-Low Glucose (DMEMLG; 
GIBCO/Invitrogen Corporation) supplemented with Antibiotic – Antimycotic 10,000 U/ml sodium penicillin, 
10,000 µg/ml streptomycin sulfate, 25 µg/ml amphotericin B (GIBCO/Invitrogen Corporation) and processed 
within one hour. Fetal AF samples were diluted with DMEM-LG (1:1 v/v) (GIBCO Invitrogen/Corporation) and 
then centrifuged at 400 g and supernatants discarded. Cells pellet were resuspended in DMEM-LG (GIBCO/
Invitrogen Corporation) supplemented with L-Glutamine 200 mM, Antibiotic- Antimycotic 10,000 U/ml sodium 
penicillin, 10,000 µg/ml streptomycin sulfate, 25 µg/ml amphotericin B (GIBCO/Invitrogen Corporation) and 
10% Fetal Bovine Serum (FBS) (GIBCO/Invitrogen Corporation). The experiments described were performed 
with cells in the second or third cell passages. Immunophenotypic profile of hAFSCs were positive for the markers 
that characterize the profile of MSCs (mesenchymal stem cells), markers for pluripotency, homing and undiffer-
entiation, according Sibov et al.33.

Amblyomin-X. De Souza et al.25 described Amblyomin-X, a 15 kDa protein, obtained in a recombinant form.

Cell lines (n = 5) Target phenotypes Classifier Results

ALCMS (RH 80666) KI 67 + (5%); GFAP + (50%); Nestin + (30%); p53 + (30%); MAP2 + ; EMA + ; 
VEGFR1 + (10%)

Ependymoma, PF – Group A (with 
low tumor cell content)

DSD (RH 80438) Ki67 + (5%); GFAP + ; Nestin + (50%); p53 + (60%); MAP2 + ; EMA + ; 
VEGFR1 + (40%) Ependymoma, PF –Group A

HBA (RH 87144) Ki 67 + (20%); GFAP + ; Nestin + (40%); p53 + (70%); MAP2 + ; EMA + ; 
VEGFR1 + (30%) Ependymoma, PF –Group A

VGM (RH 106159) KI 67 + (30%); GFAP + (60%); Nestin + (30%); p53 + (60%); MAP2 + ; 
EMA + ; VEGFR1 + (40%) Ependymoma, PF –Group A

YVSS (RH 90765) Ki 67 (20%), papilliferous areas, EMA + in DOT, enolase, chromogranin A, 
INI-1 + , GFAP + , neurofilament -, P53 (50%), Ki 67 + (20%)

CNS high grade neuroepithelial 
tumor with MN1 alteration

Table 1. Summary of immunohistochemical features and molecular diagnostics of the cell lines of patient 
tumors (n = 5).
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Cytotoxicity assays. Cell viability. The 3-(4,5-dimethylthiazol-2-yl)−2,5-diphenyltetrazolium bromide 
(MTT) assay was applied to assess the cell viability on primary cultures of EPNs (1 × 104 cells/well) and hAFSCs 
(2 × 104 cells/well) in the plate of 96 wells,according12. Briefly, the cells were treated with Amblyomin-X [10 or 
20 µM]; Temozolomide [100 µM] (IC 50 used to glioblastoma = 10 µM)9 or Cisplatin [20 µM]19, and incubated 
(37 °C, 5% CO2) for 24 or 48 hours. DEMEM-LG was used as negative control in equal volume and conditions of 
the other treatments.

Cellular death by flow cytometry. The cellular death was evaluated in EPN and hAFSCs cells incubated 
with DMEM-LG (negative control), Amblyomin-X [10 µM or 20 µM], Cisplatin [20 µM] for 24 or 48 h. In addi-
tion, as positive control, the cells were incubated with H2O2 [30%] for 30 minutes. Amounts of 105 EPNs cells 
or hAFSCs were twice washed with cold PBS. To labeling procedure, the cells were resuspended in 100 µL of 
Binding Buffer 1× (Molecular Probes, Invitrogen, USA), and were added FITC Annexin V (Molecular Probes, 
Invitrogen, USA) and 7-Amino-Actinomycin D (AAD – BD Biosciences), 5 µL each. The samples were incu-
bated during 15 minutes in the dark at room temperature. Posteriorly, the volumes were adjusted to 500 µL using 
Binding Buffer 1×. Data acquisition was performed within one hour of labeling in LSRFortessa flow cytometry 
(BD Biosciences, San Jose, CA, USA) and analyzed by the software FlowJo.

transmission electron Microscopy (teM). EPNs primary culture establishment. was performed using 
ACLAR® film. In the sequence, the cells were treated with Amblyomin-X [1 µM] for 48 h. EPN cells adhered on 
ACLAR® film were fixed in 1% glutaraldehyde and processed according to Pavon et al.7. Semi and ultrathin sec-
tions were obtained with the aid of a Porter Blum ultramicrotome. The ultrathin sections (70 nm) were placed on 
copper grid, which were photographed under a TEM (Philips CM100).

epNs cells labeling with multimodal iron oxide nanoparticles (MIoN) conjugated to 
Rhodamine-B (Rh-B) (MIoN-Rh) in vitro. 103EPNs cells were plated in 24-well plates and incubated 
overnight, (for approximately 18 hours at 37 °C, 5% CO2) in DEMEM-LG medium, with 40 μg Fe/mL MION-Rh. 
After incubation, the culture medium solution was removed and the cells were washed twice with PBS (1×) to 
remove extracellular MION-Rh. The labeled cells were treated with 0.25% Tryple Express, and then harvested and 
manually counted using 0.4% Trypan Blue (Gibco/Invitrogen Corporation) and fixed with 4% paraformaldehyde. 
Next, fluorescence analysis were done using diamidino-2-phenylindole (DAPI, Sigma- Aldrich) to label the cell 
nuclei and an Rh-B filter (530 nm and 550 nm) to detect the MION-Rh, according Pavon et al.7. The Intracellular 
detection of MION-Rh in labeled EPNs cells were performed using a fluorescence microscope (IX51 Olympus, 
Tokyo, Japan).

Animal ethics statement. Experimental procedures were performed in accordance with the guidelines for 
animal experimentation determined by the UNIFESP Care Committee. The Committee on the Ethics of Animal 
Experiments of the UNIFESP (CEUA n. 1098-09) approved this protocol. Ethical conditions were followed 
assuming all international rules of animal care outlined by the International Animal Welfare Recommendations 
and in accordance with local institutional animal welfare guidelines.

stereotaxic implantation of MIoN-Rh labeled epN cells. The animals (n = 15; male Wistar rats) were 
treated with immunosuppressant drug (ciclosporin [10 mg/Kg/day]) during 45days. To implant of EPN cells, the 
animals were anesthetized with a solution containing ketamine (55 mg/kg) and xylazine (11 mg/kg) following, the 
hair in the top of the head was removed. The animal was fixed on stereotaxic apparatus (Stoelting®, model 51700). 
After skin incision on the dorsal region of skullcap, bone cap trepanation was made using a dental drill. According 
to Swanson’s Stereotaxic Atlas guidelines (1992), the implantation position was determined following coordinates: 
0.8 mm anteroposterior, 1.4 mm laterolateral, and a depth of 3.8 mm, as described before28. Hamilton syringe was 
used to implant 104 EPN cells in 10 µL of culture medium into the third ventricle. Tumor development was mon-
itored over 45 days, according Pavon et al.7.

In vivo image of tumor progression tracking. Tumor development were monitored using an in vivo 
imaging device, Bruker model MS FX PRO (Bruker, Ettlingen, GE). Throughout image acquisition, animals were 
placed in dorsal recumbence and remained anesthetized with inhaled 2% isoflurane in oxygen at 2 L/min. Initially, 
the skull images were acquired by X-ray. The fluorescence of the labeled cells was evaluated using the excitation 
(540 nm) and emission (585 nm) of MION-Rh. The images were acquired and evaluated using multiplex location 
software. The images were acquired and evaluated using multiplex-located software, according Pavon et al.7.

Magnetic Resonance Imaging (MRI) tumor analysis. MRI brain scans were obtained in a 2 Tesla/30 cm 
horizontal superconducting magnet 85310HR (Oxford Instruments, Abingdon, UK) interfaced to a Bruker 
Avance AVIII console (Bruker-Biospin, Ettlingen, GE) with Paravision 5.1 software (Bruker). A Crossed Saddle 
radiofrequency coil was used as a head probe in animals anesthetized with ketamine/xylazine (95/12 mg/kg, i.p.). 
A T2-weighted RARE (Rapid Acquisition with Refocused Echoes) sequence (TR = 5000 ms, TE = 40.5 ms, RARE 
factor = 8, 4 averages, 6 minutes/animal) was used in a volume of 32 × 32 × 24 mm3 covered with a 128 × 128 
matrix and 2 mm slice thickness without gaps (12 slices), generating a spatial resolution of 250 × 250 µm2. 
Immediately after RARE acquisition, a T2*- weighted image, using a FLASH (Fast Low Angle Shot) sequence 
(TR = 500 ms, TE = 15 ms, flip angle = 30°, 8 averages, 6 minutes/animal) was acquired34. For this image, a vol-
ume of 32 × 32 × 24 mm3 was covered with a 192 × 192 matrix and 2 mm slice thickness without gaps (12 slices), 
generating a spatial resolution of 167 × 167 µm2, according Pavon et al.7.
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treatment of epN xenograft model by Amblyomin-X. After tumor establishment, (3–5 mm diameter 
of the tumor mass) Amblyomin-X (1.0 mg/kg/day) treatment or vehicle (saline) by intra-peritoneal injection was 
performed during 21 days. The anti-tumor activity was assessed by in vivo image, MRI and histological analysis.

Histological analysis of tumor tissues. After image acquisition, the animals were anesthetized and tran-
scardially perfused with a buffered saline solution and 4% paraformaldehyde (PFA). The brains were removed and 
stored in PFA for 24 hours; they were then cryoprotected in a 40% sucrose solution for 48 hours. Subsequently, 
40μm thickness coronal sections were cut using a cryostat (Leica) and stained using standard procedures for 
hematoxylin-eosin, Prussian Blue staining and for immunohistochemical staining was used human primary anti-
bodies included the following: glial fibrillary acidic protein (GFAP) (1:200), Ki-67 (1:20) and VEGFR-1 (1:150) 
(Epitomics, Inc.), according Pavon et al.7.

References
 1. Souweidane, M. M., Bouffet, E. & Finlay, J. The role of chemotherapy in newly diagnosed ependymoma of childhood. 

PediatrNeurosurg. 28, 273–278, https://doi.org/10.1159/000028664 (1988).
 2. Bouffet, E., Tabori, U., Huang, A. & Bartels, U. Ependymoma: lessons from the past, prospects for the future. Childs Nerv Syst. 25, 

1383–1384, https://doi.org/10.1007/s00381-009-0915-6 (2009).
 3. Ostrom, Q. T. et al. CBTRUS Statistical Report: Primary Brain and Central Nervous System Tumors Diagnosed in the United States 

in 2008-2012. Neuro Oncol. Suppl4: iv1–iv62, https://doi.org/10.1093/neuonc/nov189 (2015).
 4. Louis, D. N. et al. The 2016 World Health Organization Classification of Tumors of the Central Nervous System: a summary. 

ActaNeuropathol. 131(6), 803–820, https://doi.org/10.1007/s00401-016-1545-1 (2016).
 5. Mack, S. C. & Taylor, M. D. The genetic and epigenetic basis of ependymoma. Childs Nerv Syst. 25, 1195–1201, https://doi.

org/10.1007/s00381-009-0928-1 (2009).
 6. Pajtler, K. W. et al. Molecular Classification of Ependymal Tumors across All CNS Compartments, Histopathological Grades and 

Age Groups. Cancer Cell. 27(5), 728–743, https://doi.org/10.1016/j.ccell.2015.04.002 (2015).
 7. Pavon, L. F. et al. Establishment of primary cell culture and an intracranial xenograft model of pediatric ependymoma: a prospect 

for therapy development and understandingoftumor biology. Oncotarget. 24(9(31)), 21731–21743, https://doi.org/10.18632/
oncotarget.24932 (2018).

 8. Sexauer, C. L. et al. A Pediatric Oncology Group Study. Cisplatin in recurrent pediatric brain tumors. A POG Phase II study. Cancer. 
56, 1497–1501, https://doi.org/10.1002/1097-0142(19851001)56:7<1497 (1985).

 9. Walker, R. W. & Allen, J. C. Cisplatin in the treatment of recurrent childhood primary brain tumors. J ClinOncol. 6, 62–66, https://
doi.org/10.1200/JCO.1988.6.1.62 (1988).

 10. Meco, D. et al. Ependymomastemcells are highlysensitive to temozolomidein vitro and in orthotopic models. Neuro Oncol. 16(8), 
1067–1077, https://doi.org/10.1093/neuonc/nou008 (2014).

 11. Batista, I. F. et al. Expressed sequence tags (ESTs) from the salivary glands of the tick Amblyommacajennense (Acari: Ixodidae). 
Toxicon. 51, 823–834, https://doi.org/10.1016/j.toxicon.2007.12.011 (2008).

 12. Batista, I. F. et al. A new Factor Xainibitor from Amblyommacajennense with a unique domain composition. Arch. BiochemBiophys. 
493, 151–156, https://doi.org/10.1016/j.abb.2009.10.009 (2010).

 13. Chudzinski-Tavassi, A. M. et al. A new tick Kunitz type inhibitor, Amblyomin-X, induces tumor cell death by modulating genes 
related to the cell cycle and targeting the ubiquitin-proteasome system. Toxicon. 56, 1145–1154, https://doi.org/10.1016/j.
abb.2009.10.009 (2010).

 14. Maria, D. A. et al. A novel proteasome inhibitor acting in mitochondrial dysfunction, ER stress and ROS production. Investig New 
Drugs. 31, 493–505, https://doi.org/10.1007/s10637-012-9871-1 (2013).

 15. Morais, K. L. et al. Amblyomin-X induces ER stress, mitochondrial dysfunction, and caspase activation in human melanoma and 
pancreatic tumor cell. Mol Cell Biochem. 415(1-2), 119–31, https://doi.org/10.1007/s11010-016-2683-4 (2016).

 16. Ventura, J. S. et al. A Kunitz-type FXa inhibitor affects tumor progression, hypercoagulable state and triggers apoptosis. Biomed 
Pharmacother. 67(3), 192–196, https://doi.org/10.1016/j.biopha.2012.11.009 (2013).

 17. Drewes, C. C. et al. Post-transcriptional control of Amblyomin-X on secretion of vascular endothelial growth factor and expression 
of adhesion molecules in endothelial cells. Toxicon. 101, 1–10, https://doi.org/10.1016/j.toxicon.2015.04.002 (2015).

 18. Chudzinski-Tavassi, A. M., Morais, K. L., Pacheco, M. T., Pasqualoto, K. F. & de Souza, J. G. Tick salivary gland as potential natural 
source for the discovery of promising antitumor drug candidates. Biomed Pharmacother. 77, 14–19, https://doi.org/10.1016/j.
biopha.2015.11.003 (2016).

 19. Lorgis, V., Varbedian, O. & Ghiringhelli, F. Metronomic cyclophosphamide with cisplatin and bevacizumab: a new chemotherapeutic 
regimen for refractory anaplastic ependymoma. Anticancer Res. 32(11), 5067–5070 (2012).

 20. Lombardi, G. et al. Cisplatin and temozolomide combination in the treatment of supratentorial anaplastic ependymoma. 
Chemotherapy. 59(3), 176–180, https://doi.org/10.1159/000355662 (2013).

 21. Apps, M. G., Choi, E. H. & Wheate, N. J. The state-of-play and future of platinum drugs. Endocr. Relat. Cancer. 22(4), R219–33, 
https://doi.org/10.1530/ERC-15-0237 (2015).

 22. Rudà, R. et al. Temozolomide as salvage treatment for recurrent intracranial ependymomas of the adult: a retrospective study. 
NeuroOncol. 18(2), 261–268, https://doi.org/10.1093/neuonc/nov167 (2016).

 23. Phi, J. H. et al. OvercomingChemoresistance of PediatricEpendymoma by Inhibition of STAT3 Signaling. TranslOncol. 8(5), 
376–386, https://doi.org/10.1016/j.tranon.2015.08.001 (2015).

 24. Akagi, E. M. et al. Pro-apoptotic effects of Amblyomin-X in murine renal cell carcinoma “in vitro”. Biomed Pharmacother. 66(1), 
64–69, https://doi.org/10.1016/j.biopha.2011.11.015 (2012).

 25. de Souza, J. G. et al. Promising pharmacological profile of a Kunitz-type inhibitor in murine renal cell carcinoma model. Oncotarget. 
7(38), 62255–62266, https://doi.org/10.18632/oncotarget.11555 (2016).

 26. Pacheco, M. T. et al. Specific role of cytoplasmic dynein in the mechanism of action of an antitumor molecule, Amblyomin-X. Exp 
Cell Res. 340(2), 248–58, https://doi.org/10.1016/j.yexcr.2015.12.016 (2016).

 27. Driscoll, J. J. & Chowdhury, R. D. Molecular crosstalk between the proteasome, aggresomes and autophagy: translational potential 
and clinical implications. Cancer Lett. 325(2), 147–154, https://doi.org/10.1016/j.canlet.2012.06.016 (2012).

 28. Pacheco, M. T. et al. Dynein function and protein clearance changes in tumor cells induced by a Kunitz-type molecule, 
Amblyomin-X. PLoS One. 9(12), e111907, https://doi.org/10.1371/journal.pone.0111907 (2014).

 29. Pajtler, K. W. et al. The current consensus on the clinical management of intracranial ependymoma and its distinct molecular 
variants. ActaNeuropathol. 133, 5–12, https://doi.org/10.1007/s00401-016-1643-0 (2017).

 30. Švajdler, M. et al. Update on the 2016 WHO classification of tumors of the central nervous system - Part 1: Diffusely infiltrating 
gliomas. CeskPatol. 53(1), 12–21 (2017).

 31. Mack, S. C. & Taylor, M. D. Put away your microscopes: the ependymoma molecular era has begun. CurrOpinOncol. 29, 443–447, 
https://doi.org/10.1097/CCO.0000000000000411 (2017).

https://doi.org/10.1038/s41598-019-45799-4
https://doi.org/10.1159/000028664
https://doi.org/10.1007/s00381-009-0915-6
https://doi.org/10.1093/neuonc/nov189
https://doi.org/10.1007/s00401-016-1545-1
https://doi.org/10.1007/s00381-009-0928-1
https://doi.org/10.1007/s00381-009-0928-1
https://doi.org/10.1016/j.ccell.2015.04.002
https://doi.org/10.18632/oncotarget.24932
https://doi.org/10.18632/oncotarget.24932
https://doi.org/10.1200/JCO.1988.6.1.62
https://doi.org/10.1200/JCO.1988.6.1.62
https://doi.org/10.1093/neuonc/nou008
https://doi.org/10.1016/j.toxicon.2007.12.011
https://doi.org/10.1016/j.abb.2009.10.009
https://doi.org/10.1016/j.abb.2009.10.009
https://doi.org/10.1016/j.abb.2009.10.009
https://doi.org/10.1007/s10637-012-9871-1
https://doi.org/10.1007/s11010-016-2683-4
https://doi.org/10.1016/j.biopha.2012.11.009
https://doi.org/10.1016/j.toxicon.2015.04.002
https://doi.org/10.1016/j.biopha.2015.11.003
https://doi.org/10.1016/j.biopha.2015.11.003
https://doi.org/10.1159/000355662
https://doi.org/10.1530/ERC-15-0237
https://doi.org/10.1093/neuonc/nov167
https://doi.org/10.1016/j.tranon.2015.08.001
https://doi.org/10.1016/j.biopha.2011.11.015
https://doi.org/10.18632/oncotarget.11555
https://doi.org/10.1016/j.yexcr.2015.12.016
https://doi.org/10.1016/j.canlet.2012.06.016
https://doi.org/10.1371/journal.pone.0111907
https://doi.org/10.1007/s00401-016-1643-0
https://doi.org/10.1097/CCO.0000000000000411


1 0Scientific RepoRts |          (2019) 9:9973  | https://doi.org/10.1038/s41598-019-45799-4

www.nature.com/scientificreportswww.nature.com/scientificreports/

 32. Capper, D. et al. DNA methylation-based classification of central nervous system tumours. Nature. 22;555(7697), 469–474, https://
doi.org/10.1038/nature26000 (2018).

 33. Sibov, T. T. et al. Intravenous grafts of human amniotic fluid-derived stem cells reduce behavioral deficits in experimental ischemic 
stroke. Cell Transplantation. https://doi.org/10.1177/0963689719854342 (2019).

 34. Papoti, D., Vidoto, E. L. G., Martins, M. J. & Tannús, A. Effects of crossing saddle coil conductors: Electric length X mutual 
inductance. Concepts MagnReson. 37B, 193–201, https://doi.org/10.1002/cmr.b.20168 (2010).

Acknowledgements
We acknowledge support from the Centre of Excellence in New Target Discovery (CENTD), Butantan 
Institute;São Carlos Institute of PhysicsSão Paulo University, Brazil; Laboratory of Immunology and 
Infectology, Federal University of São Paulo, São Paulo, Braziland FAPESP (Process n°. 2012/06944-8) BNDES 
13.2.0711.1/2013. FAPESP (Process n°. 2012/06944-8) and BNDES 13.2.0711.1/2013.

Author Contributions
Conceived and designed experiments: S.C., L.F.P., T.T.S., C.M.B., J.G.S., A.M.C.-T. Performed the experiments: 
L.F.P., D.C., T.T.S., S.R.C.T., U.W.T., F.R.C., J.G.S., C.M.B, D.M.O., E.F.C., J.M.M, S.M.O, M.K.C.B., R.S. Analyzed 
the data: L.F.P., S.M.F.M., N.S.S., A.M.C., A.S.P. Contributed reagents/materials/analysis tools: M.D.S.C., J.M.N., 
P.A.D., E.F.C. Wrote the paper: L.F.P., S.C. Revised the paper: M.A.P.N., S.C., A.M.C.-T. Coordinated the study: 
A.M.C.-T.

Additional Information
Competing Interests: The authors declare no competing interests.
Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019

https://doi.org/10.1038/s41598-019-45799-4
https://doi.org/10.1038/nature26000
https://doi.org/10.1038/nature26000
https://doi.org/10.1177/0963689719854342
https://doi.org/10.1002/cmr.b.20168
http://creativecommons.org/licenses/by/4.0/

	New therapeutic target for pediatric anaplastic ependymoma control: study of anti-tumor activity by a Kunitz-type molecule, ...
	Results
	Amblyomin-X induces cytotoxicity in EPN cells. 
	Cell apoptosis analysis by Flow Cytometry. 
	EPN cells ultrastructural characterization. 
	EPN-mass was reduced by Amblyomin-X treatment. 
	Histological analysis of EPN’s-brain after in vivo Amblyomin-X treatment. 

	Discussion
	Materials and Methods
	EPNs primary culture establishment. 
	Collection Amniotic Fluid (AF) and culture of hAFSCs. 
	Amblyomin-X. 
	Cytotoxicity assays. 
	Cell viability. 

	Cellular death by flow cytometry. 
	Transmission Electron Microscopy (TEM). 
	EPNs primary culture establishment. 

	EPNs cells labeling with multimodal iron oxide nanoparticles (MION) conjugated to Rhodamine-B (Rh-B) (MION-Rh) in vitro. 
	Animal ethics statement. 
	Stereotaxic implantation of MION-Rh labeled EPN cells. 
	In vivo image of tumor progression tracking. 
	Magnetic Resonance Imaging (MRI) tumor analysis. 
	Treatment of EPN xenograft model by Amblyomin-X. 
	Histological analysis of tumor tissues. 

	Acknowledgements
	Figure 1 (A) Cell viability assay of hFSCs and EPN cells treated with DMEM-LG (vehicle), Amblyomin-X (10 and 20 µM), Temozolomide (100 µM) and Cisplatin (20 µM) for 24 h.
	Figure 2 Induction of apoptosis by Amblyomin-X in (A) hFSCs and (A) EPN cells.
	Figure 3 TEM of a primary cell culture of human EPNs treated with DMEM-LG (vehicle) (a, h, o) and primary cell culture of human EPNs treated (b-g, i-n, p-u) with Amblyomin-X (1.
	Figure 4 (A) a) Detection of MION-Rh labeled EPN cells by fluorescence assay.
	Figure 5 Immunopathological tumor analysis.
	Table 1 Summary of immunohistochemical features and molecular diagnostics of the cell lines of patient tumors (n = 5).




