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Objective: The aim of this work was to evaluate a pediatric ependymoma protein expression that may be useful
as a molecular biomarker candidate for prognosis, correlated with clinical features such as age, gender, histo-
pathological grade, ependymal tumor recurrence and patient survival.

Patients and methods: Immunohistochemistry assays were performed for GNAO1, ASAH1, IMMT, IPO7, Cyclin
D1, P53 and Ki-67 proteins. Kaplan-Meier and Cox analysis were performed for age, gender, histopathological
grade, relapse and survival correlation.

Results: We found that three proteins correlate with histopathological grade and relapse; two proteins correlate
with survival; one protein does not correlate with any clinical feature.

Conclusion: Our results suggest that, out of the proteins analyzed, five may be considered suitable prognostic
biomarkers and one may be considered a predictive biomarker for response to treatment of pediatric ependy-

moma.

1. Introduction

There has been considerable improvement in the treatment and
prognosis of many pediatric brain tumors, which are currently the
primary cause of mortality, as well as long-term morbidity in oncology
being the Central nervous system (CNS) neoplasms remain the most
common solid tumors in children [1]. Ependymomas (EP) nowadays are
treated by surgical resection followed by radiotherapy [2], but despite
the advances in multidisciplinary treatments of brain tumors, the EP are
relatively resistant to chemotherapy, and patients with surgery-re-
fractory tumors still have a poor prognosis [3]. EP exhibit hetero-
geneous clinical courses that cannot be predicted accurately by current
clinical, pathologic or molecular markers [4]. Consequently, new tar-
geted therapies are needed for these patients [5] and studies aiming at
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the identification of molecular markers of clinical value [6].

The identification of genetic abnormalities responsible for the gen-
eration and maintenance of the malignant phenotype in EP are crucial
in postulating biomarker characteristics; several studies have proposed
to molecular changes and clinical features as prognostic markers [7-9];
so that molecular classification has become critical for diagnosis, but
molecularly-guided trials are complicated due to the apparent mole-
cular EP diversity [10,11]; thus, it is necessary to determine specific
molecular markers. Previously, we proposed the genes GNAO1, ASAH1,
IMMT, and IPO7 as candidate molecular biomarkers for prognosis [12].

In the current study had following objectives: 1) The protein ex-
pression of P53, KI67, Cyclin D1, GNAO1, ASAH1, IPO7 and IMMT was
evaluated, 2) Correlated protein expression with the clinical features:
age, gender, histopathological grade, 3) Correlated protein expression
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with progression-free survival and 4) Correlate protein expression and
overall survival.

2. Patients and methods
2.1. Samples collection

The ependymal tumors were collected from formalin-fixed paraffin-
embedded (FFPE) tissue from the Pathology Service at the Hospital de
Pediatria “Dr. Silvestre Frenk Freud”, from the Centro Médico Nacional
“Siglo XXI”, IMSS. The histopathological records from 2010 to 2017
were reviewed. The samples were collected from pediatric patients aged
0-16 with a confirmed diagnosis of grade II and grade III ependymoma;
cerebellar tissue adjacent and located in periphery to the tumor was
used as control tissue.

2.2. Review of clinical records

Clinical records of patients were consulted in the database and the
written archives of the hospital. The following clinical data were ob-
tained: histopathological grade, anatomical location, age, gender, re-
cidivism, and survival.

2.3. Immunohistochemistry (IHC) assays

Five-um tissue sections were made and placed on adhesive lamellae
(Santa Cruz Biotechnology). Tissue sections were incubated in a wet
chamber for 20 min with the primary antibodies GNAO1 (1:100,
GTX114439, GeneTex), ASAH1 (1:100, GTX114267, GeneTex), IMMT
(1:100, GTX81949, GeneTex), IPO7 (1:100, GTX106408), Cyclin-D1
(sc-718, Santa Cruz Biotechnology), P53 (sc-126, Santa Cruz
Biotechnology), and Ki-67 (1:50, DAKO Corporation, Carpinteria Ca),
following the manufacturer recommendations. The primary antibody
was detected with a biotinylated secondary antibody (sc-471863, Santa
Cruz Biotechnology). Tissue was dehydrated with alcohols of lower to

Clinical Neurology and Neurosurgery 186 (2019) 105488

higher concentration (70%, 90% and 100%) and xylol. Preparations
were mounted with entellan (107961, Merck Millipore).

A positive control was included for each antibody: for GNAO1 and
ASAH1 pancreas tissue, for IPO7 and IMMT esophageal tissue, and for
Ki-67, Cyclin D1 and P53 glioma tissue. The quality of the tissue was
evaluated with the expression of Ki-67, a positive marker for all EP.

2.4. Image capture

IHC images were taken with the 40X objective of a 6 X 31 photo-
microscope (Olympus Life Sciences). These images were stored in TIFF
format. Protein expression quantified using ImageJ software [13].

2.5. Analysis of results

Protein expression was qualitatively quantitated according to the
percentage of cells expressing a given protein. The following values
were established: negative (< 1%), weak staining (1-15%), moderate
staining (15-30%), and strong staining (> 30%). The sample size was
calculated for the hypothesis test according to Camacho-Sandoval [14]
and de Bekker-Grob et al. [15] The number and distribution of samples
was considered. The statistical analysis (Kaplan-Meier and Cox ana-
lysis) was performed using the IBM SPSS Statistics 24 Software. We
considered a P-value of < 0.05 statistically significant.

3. Results
3.1. Collected samples

The total number of samples collected was 30. All the samples
analyzed had a De Novo diagnosis and infratentorial localization
(Table 1). These samples came from pediatric patients diagnosed with
grade II or grade III EP (Fig S1A). 13 patients were female, and 17
patients male. 20% of patients were 7 years old, and 16% were 5 years
at the time of diagnosis.

Table 1
Samples feature. Show the histopathological grade (Grade), age (Age), gender (M.- Male or F.- Female), tumor location, relapse, and survival.

SAMPLE GRADE GENDER AGE LOCALIZATION RESIDIVISM SURVIVAL
1 I M 13 Intracranial Yes Yes

2 I F 1 Intracranial Yes Yes

3 111 F 2 Intracranial Yes No

4 11 M 5 Intracranial No Yes

5 I F 14 Intracranial Yes Yes

6 111 M 1 Intracranial Yes Yes

7 1I M 7 Intracranial Yes Yes

8 I M 5 Intracranial No No

9 111 M 5 Intracranial Yes Yes

10 III F 12 Intracranial No No

11 I F 4 Intracranial No No

12 I F 12 Intracranial No No

13 I M 15 Intracranial No data No data
14 I F 2 Intracranial No data No data
15 I F 4 Intracranial No data No data
16 111 F 7 Intracranial No data No data
17 I M 7 Intracranial No data No data
18 I M 3 Intracranial No data No data
19 I M 8 Intracranial No data No data
20 I M 5 Intracranial No data No data
21 111 M 14 Intracranial No data No data
22 I F 3 Intracranial No data No data
23 I M 7 Intracranial No data No data
24 I M 7 Intracranial No data No data
25 I M 1 Intracranial No data No data
26 I F 8 Intracranial No data No data
27 11 M 5 Intracranial No data No data
28 111 F 14 Intracranial No data No data
29 I F 5 Intracranial No data No data
30 I M 0 Intracranial No data No data
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3.2. Clinical data

We analyzed a cohort of samples between the years 2010 and 2013
to study the rates of relapse and survival in patients after a five-year
period. Twelve complete clinical files were obtained. Table 1 shows 7
patients relapsed and 7 patients survived.

3.3. Protein expression

We performed IHC assays for the following proteins: GNAOI],
ASAH1, IMMT, IPO7, Cyclin D1, P53, and Ki-67; on the following
tissue: cerebellum, ependymal tumor, and as positive control tissues
according to methods (Fig. S1-B). Through qualitative analysis, we
found different percentages of protein expression. We observed nega-
tive expression in the following proteins: GNAO1l (60%), IMMT
(73.3%), IPO7 (90%), Cyclin D1 (60%) and P53 (76.6%); positive ex-
pression in the proteins ASAH1 (73%) and Ki-67 (70%) (Fig. 1 and
Table 2).

3.4. Correlation analysis between protein expression and age, gender, or
histopathological grade

The correlation analysis between age and protein expression
showed the following significant Chi-square values Cyclin D1 = 0.011
(Fig. 2A), P53 = 0.037 (Fig. 2B) and the no significative values:
GNAO1 = 0.554, ASAH1 = 0.204, IMMT = 3.033, IPO7 = 6.269, and
Ki67 = 1.725.

The correlation analysis between gender and protein expression
exhibited the following significant values of Chi-square: Cyclin
D1 = 0.088 (Fig. 2C), Ki-67 = 0.019 (Fig. 2D) and the no significative
values: GNAO1 = 0.252, ASAH1 = 0.587, IMMT = 0.156, [PO7 =
0.107, P53 = 0.172.

The values of Chi-square results from correlation analysis between
histopathological grade and protein expression were the following
significative values: Cyclin D1 = 0.019 (Fig. 2E), P53 = 0.001
(Fig. 2F), Ki67 =0.085 (Fig. 2G) and no significative values:
GNAO1 = 0.347, ASAH1 = 0.223, IMMT = 0.118, IPO7 = 0.205.

3.5. Correlation analysis between protein expression and recidivism or
survival

The correlation analysis between relapse and protein expression
showed the following significative Chi-square: Cyclin D1 = 0.094
(Fig. 3A), P53 = 0.013 (Fig. 3B), Ki67 = 0.021 (Fig. 3C) and no sig-
nificative values: GNAO1 = 0.974, ASAH1 = 1.017, IMMT = 0.389,
IPO7 = 0.345.

To accomplish the fourth objective. The correlation analysis be-
tween survival and protein expression showed the following sig-
nificative values of Chi-square: IMMT = 0.007 (Fig. 3D), IPO7 = 0.019
(Fig. 3E) and no significative values: GNAO1 = 0.103, ASAH1 = 1.220,
Cyclin D1 = 0.371, P53 = 1.069, and Ki-67 = 1.816.

4. Discussion

In a previous work related to pediatric EP, we found ASAH1, IMMT,
and IPO7 genes overexpressed, and the GNAOI gene underexpressed
[12]. In worldwide papers, we found expression changes in Cyclin D1,
P53, and Ki-67 genes in EP [16,17]. According to the reports, these
genes participate in the EP tumorigenesis process; therefore, we de-
termined, through IHC assays, whether these changes were reflected in
protein expression and what their behavior in EP is in the Mexican
population.

We found P53 protein underexpression in 76.6% of analyzed tu-
mors, concordant to the findings published by Wu et al. [18], reported
gene inactivation due to P53 in more than 50% of tumors. We found
that P53 correlates with the age; probably at a patient’s early age, P53
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is one of the main deregulated proteins that favor cell proliferation. We
did not find correlation between P53 expression and patients’ gender.
We found correlation of P53 underexpression with the histopatholo-
gical grade IIl. In the samples collected from Mexican patients, we
observed that the P53 protein decreases in anaplastic EP; contrariwise,
Alexiou et al. reported that in Caucasian patients the high P53 ex-
pression correlated with anaplastic EP [16]; these differences are pos-
sibly due to polymorphisms, mutations, or epigenetic factors that in-
fluence protein expression among races. The P53 found correlates with
the biological function of P53. It is known that P53 regulates several
apoptosis and cell proliferation and promotes DNA repair [15,18,19].
This suggests that the P53 absence favors the anaplastic development of
EP. We found that P53 underexpression delay the relapse; it has been
reported that P53 is related to the patients’ survival and the level of
aggressive biological behavior of tumors [16]. No correlation between
protein expression and survival was found. This suggests that the P53
expression is a candidate for prognosis biomarker in pediatric EP.
Correlation between P53 expression and histopathological grade or
relapse was also found; therefore, P53 may permit us to distinguish the
anaplastic grade of tumor and patient prognosis.

Infratentorial EP displayed Cyclin D1 underexpression in 83.4% and
overexpression in 16.6% of the samples, contrary to Rogers et al. [17],
who reported that the Cyclin D1 expression was significantly higher in
supratentorial EP. The above shows that, in Mexican patients, Cyclin D1
can be overexpressed in infratentorial EP. The nuclear Cyclin D1
overexpression can inactivate P53 through PRMT5-dependent P53
methylation, thereby allowing tumor progression [21]. Even though we
did not observe any correlation between Cyclin D1 and P53 expression
(X% = 0.776), we did find Cyclin D1 overexpression and P53 under-
expression in 10 samples. Cyclin D1 overexpression correlated with
grade III EP, favors neoplastic transformation. It is known that overall
accumulation of Cyclin D1 in tumor cells is associated to neoplastic
transformation [21]. We found a tendency to overexpression in patients
less than 7 years old and male patients; this may have been influenced
by clinical data and types and number of samples. We found that Cyclin
D1 correlates with relapse; Cyclin D1 overexpression in infratentorial
EP delays relapse, therefore it is important to know the treatment
prognosis; de Andrade et al. reported that in patients with che-
motherapy treatment Cyclin D1 may play a more important mediator
function in residual EP than in De Novo EP in facilitating tumoral DNA
repair and promoting residual re-growth [22,23]. Cyclin D1 loss cor-
relates with increased phosphorylation of the ROCK II substrates, fa-
voring the cell migration [21]. Cyclin D1 possibly plays the same role in
EP. We did not find correlation between Cyclin D1 expression and
survival; we observed that Cyclin D1 underexpression possibly does not
allow a correlation between Cyclin D1 and survival; it is important to
increase the sample number and check if Cyclin D1 correlates with
survival.

It was reported that the Ki67 index in intracranial EP is an in-
dependent prognostic factor and accurate predictor of outcome in EP
patients [24,25]; the Ki67 protein is associated with the proliferative
activity of intrinsic cell populations in malignant tumors, and can
therefore be used as a marker of tumor aggressiveness [26], thus we
evaluate the Ki-67 expression in EP. We observed Ki-67 overexpressed
in all samples, the expression was higher in grade III compared to grade
II. We found that Ki-67 expression correlates with the histopathological
grade, in concordance with the findings of Suri et al. [27] and Alexiou
et al. [16]. We did not find correlation between Ki-67 expression and
age or survival, but the high Ki-67 expression favors early relapse; this
suggests that Ki-67 expression favors the anaplastic phenotype through
the deregulation of cell cycle. It is known that Ki-67 affects cell cycle
progression in p21 checkpoint; in addition, it has been reported that the
P53 expression correlates with Ki67 in several cancers, including oral
squamous cell cancer and breast cancer. It has been proposed that P53
inhibits Ki67 promoter activity via P53-dependent and Sp1l-dependent
pathways that affect the transcriptional repression of the Ki67 promoter
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Fig. 1. Protein expression by immunochemistry assay. Representative micrographs showing the protein staining in the analyzed tissue. The expression of IPO7, Ki-67,
and p53 was nuclear; the expression of GNAO1, ASAH1, and Cyclin D1 was cytoplasmic; IMMT expression was cytoplasmic and mitochondrial.

[28,26]; Ki67 has been shown to be a tool for cancer diagnosis (judging
the cutoff level of 10-14% positive staining as high risk of prognosis),
thus the inhibition of Ki67 might be considered when designing novel
strategies for cancer therapy and Ki67 is proposed as an attractive
therapeutic target for cancer because it is highly expressed in most
malignant cells [29]; this suggests that Ki-67 is a candidate for prog-
nostic and therapeutic biomarker.

In a previous work, we reported the ASAHI gene is overexpressed in

pediatric EP [12], therefore we analyzed the protein and we found
ASAH1 was overexpressed in 86.6% of the samples; it has been shown
that it is overexpressed in various human cancers, such as melanoma
and breast cancer [25]. We found that ASAH1 does not correlate with
age, gender, histopathological grade, relapse, or survival. It is known
that ASAH1 participates in cell survival, inflammation and angiogenesis
through the sphingolipid pathway that metabolizes ceramide into
sphingosine and free fatty acid [30,32]. We think that ASAH1 may have
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Table 2
Staining intensity of proteins. The percentage of the samples showing the staining intensity for GNAO1, ASAH1, IMMT, IPO7, CYCLIN D1, Ki67, and p53.
STAINING TYPE GNAO1 ASAH1 IMMT 1PO7 CYCLIN D1 K167 P53
Negative 60% (18/30) 13.3% (4/30) 73.3% (22/30) 90% (27/30) 60% 6.6% (2/30) 76.6% (23/30)
(18/30)
Weak 10% (3/30) 73.3% (22/30) 3.3% (1/30) 6.6% (2/30) 13.3% 70% (21/30) 10% (3/30)
(4/30)
Moderate 16.6% (5/30) 13.3% (4/30) 16.6% (5/30) 3.3% (1/30) 10% 16.6% (5/30) 6.6% (2/30)
(3/30)
Strong 13.3% (4/30) 0% 6.6% 0% 16.6% 6.6% (2/30) 6.6% (2/30)
(0/30) (2/30) (0/30) (5/30)

other clinical functionality; ASAH1 overexpression confers resistance to
apoptosis and stimulates proliferation and invasiveness of cancer cell.
Lai et al. [30] reported that ASAH1 overexpression confers resistance to
radiation, impacting the treatment through altering the sphingolipid
metabolism pathway. Doan et al. [33] reported that in the treatment of
glioblastoma ASAHI is excellent drug target (e.g. dacarbazine, an-
thracyclines) depend on the ability of these agents to increase the in-
tracellular levels of ASAH1 [31]. It is suggested that the protein over-
expression may be important in the treatment response at EP. It has
been suggested that cells that express a high level of ASAH1 could
survive radiation through the complex c-Jun/AP-1 and transcription
factors that have been implicated in the DNA-repair pathway [30,34].
Therefore, it is important to know the expression of other proteins in-
volved in the sphingolipid pathway and other ceramides or proteins
that participate in the DNA-repair pathway— to determine the role of
ASAH]1 in EP, as well as the post-translational modifications involved.

It has known that GNAO1 is abundantly expressed in neuronal tissue
[35]; we found GNAO1 protein underexpression in 60% of the samples
in accordance and a previous work in which the GNAOI gene was
underexpressed in pediatric EP [12], and Zupancic et al. [36] reported
GNAO1 underexpression in GBM tissue; this may suggest that the ab-
sence of GNAOL is characteristic in EP and other gliomas. We did not
find any correlation between GNAO1 expression and age, gender, his-
topathology, relapse or survival. We thought that methylation played
an important role in the regulation of GNAO1 expression; Xu et al. [35]
and Pei et al. [38] reported that the change of GNAO1 expression in
Hepatocelluar carcinoma cells might be regulated by it is methylation
status. In accordance to what we previously reported, this GNAO1
underexpression is the consequence of a chromosomal deletion and/or
methylation [12]. According to our results, we may have observed a
tendency to correlate the GNAO1 underexpression with increased sur-
vival; it is suggested that the GNAO1 could be important for knowing
the prognosis of patients. The importance of GNAO1 in prognosis is
probably due to their participation in cell proliferation by affecting cell
apoptosis through the accumulation of apoptotic proteins, including
PARP, Puma and Bim [39]. It has been reported that GNAO1 promotes
oncogenic transformation through STAT3 signaling [37]; therefore, it
will be interesting to know how this signaling pathway participates in
the tumorigenesis of EP. We think that this process deserves a detailed
analysis based on functional assays.

We found the IPO7 gene was overexpressed in a previous work in
pediatric EP [12]. At protein level, we found underexpression of IPO7
on 90% of analyzed samples. This contrasting behavior may possibly be
due to post-translational or post-transcriptional changes that actively
participate in IPO7 protein regulation. Xue et al. [40] reported that the
FOXM1 protein stimulates the transcription of IPO7 by binding directly
to its promoter at three sites in humans, thus, the FOXM1 over-
expression can markedly increase IPO7 expression. This regulatory
feedback may represent critical proliferation and invasion mechanisms
in human brain tumors [40]. The protein underexpression may be ex-
plained through the participation of miRNAs, a role reported by.
Szczyrba et al [41] shows IPO7 as miR-22 target. We did not find any
correlation of protein expression with age, gender, histhopathological

grade or relapse. IPO7 overexpression favors survival; we think this
may related through P53, according to Golomb et al., [42], who de-
scribed that IPO7 transcription is repressed by P53 and IPO7 depletion
triggers P53 activation. However, we did not find significant any cor-
relation between IPO7 expression and P53 expression (X2 = 0.640).
Golomb et al. [42] mention that this feedback occurs in non-stressed
cells; this depletion of IPO7 results in P53 activation and subsequent
growth inhibition. It is suggested that IPO7 is a good prognosis bio-
marker through the regulation of proliferation and metastasis. It is
important to know the signaling pathways in which IPO7 participates
during tumorigenesis.

We found IMMT gene overexpressed in 100% of samples of pediatric
EP [12] but the IMMT protein we found underexpression in 73.3%. This
contrasting behavior may possibly be due to post-translational or post-
transcriptional changes, but it has only been identified that YmelL
regulates the stability of IMMT [43]. This protein is implicated in a
variety of processes, including energy or free radical generation, reg-
ulation of apoptosis, modulation of various signaling pathways, and
regulation of mitochondrial cristae morphology [43,44]. We think that
IMMT is important in mitochondrial regulation. Madungwe et al. [45]
reported that IMMT is indispensable for normal mitochondrial function
and has a functional impact on cellular activity. We did not find any
correlation between clinical characteristics (age, gender, histopatholo-
gical grade) and relapse. We observed that IMMT underexpression
promotes increased overall survival. Sotgia et al. [46] reported that, in
cases gastric cancer, IMMT is associated with significantly reduced time
to first progression. It is suggested that IMMT is important during tu-
morigenesis; however, functional assays are needed for known the
IMMT regulation during tumorigenesis in EP.

5. Conclusion

We confirm a consistent expression behavior from mRNA to protein
expression in favor of ASAH1 and GNAO1 on ependymal tumors. Our
results suggest some of the analyzed proteins may be considered
prognostic biomarkers: P53 (underexpression), Cyclin D1 (over-
expression), and Ki67 (overexpression), since their quantity correlates
with histopathological grade and relapse; IPO7 (overexpression) and
IMMT (underexpression) since their quantity correlates with survival.
We thought that IMMT and IPO7 deserve functional assays to know
their regulation role during tumorigenesis on cancer and that ASAH1
(overexpression) and Ki-67 (overexpression) may be candidates for
treatment response. Finally, we found that GNAO1 did not correlate
with any feature in the present research.

Declaration of Competing Interest
The authors declare that they have no competing interest.

Acknowledgments

We thank the FIS (Fondo de Investigacion en Salud) from IMSS
(Instituto Mexicano del Seguro Social), Mexico for their support: FIS/



M. Pérez-Ramirez, et al.

A)

Cyclin D1
107 Expression
| INegative
‘Weak Staining
Moderate Staining
0.8+ —1Strong Staining
©
2
E 06
S
7]
[
o
© 04
S
c
8
o
8 oo O
0.0 ]
T T T T T T T
o 2 4 6 8 10 12 14
C) Patients Age
a Cyclin D1
1.0 Expression
—Negative
‘Weak Staining
Moderate Staining
-— u —1Strong Staining
© 08
2
3
0 o6
[
o
<
£
c
@ 04
o
S
)
o
024
0.07
T T T T T
0 5 10 15 20
E) Patients Gender
| Cyclin D1
10 Expression
| Negative
‘Weak Staining
Moderate Staining
= 05 —1Strong Staining
©
2
S
0 o5
[
=
<
o]
c
@ 04
o
4
o
o
024 —’
0.0

T T T T T T
0 5 1.0 15 20 25 30

Histopathological Grade

Clinical Neurology and Neurosurgery 186 (2019) 105488

B)1 o P53 Expression
- INegative
‘Weak Staining
Moderate Staining
(_V 0.8+ |—
2
S
N 05
[
o
©
I
c
D 0.4+
o
4
[
o
024
0.0 ‘
T T T T T T T T
0 2 4 6 8 10 12 14
D) Patients Age
oo P53 Expression
—Negative
‘Weak Staining
Moderate Staining
081
©
2
g 056
(7]
[
o
<
‘E 0.4+
@
o
4
[
a 024
0.0
T T T T
0 5 10 15 20
F) Patients Gender
oo P53 Expression
—INegative
'Weak Staining
Moderate Staining
© os
2
>
7.
[
o
]
I
c
8 o4
4
[
o
0.24
0.0
T T T T T T T
0 5 10 15 20 25 30

Histopathological Grade

1.0

Percentage Survival

Ki-67 Expression

| Weak Staining
Moderate Staining
Strong Staining

T T T
0 5 10

Histopathological Grade

T
20

T
25 30

Fig. 2. Clinical feature correlation for Kaplan Meier analysis. The line color refers to the staining type. The ordinates axis shows the patient’s percentage of survival.
A). Cyclin D1 expression and age. The abscissa axis shows the patient’s age. B) P53 expression and age. The abscissa axis shows the age of patients. C) Cyclin D1
expression and gender. The abscissa axis shows the gender of patients. 1.-Male, 2.- Female. D) Ki-67 expression and gender. The abscissa axis shows the gender of
patients. 1.-Male, 2.- Female. E) Cyclin D1 expression and histopathological grade. The abscissa axis shows the histopathological grade. 2.-EP grade II. 3.-EP grade III.

F) p53 expression and histopathological grade.

IMSS/PROT/949, 2009-785-042, and R-2014-785-094, and the scho-
larship CVU 404762 granted by CONACYT (Consejo Nacional de
Ciencia y Tecnologia), Mexico and IMSS 011-2013 for the development
of the student and the postgrad program of Ciencias Bioldgicas de la
Universidad Nacional Auténoma de México. We thank the research
scholarship received from IMSS Foundation A. C. given to PhD.

Normand Garcia Herndndez. We thank the given support and material
to PhD Alejandro M. Garcia-Carrancd from Instituto Nacional de
Cancerologia; to Dr. Fernando Chico Ponce de Léon from Hospital
Infantil “Federico Gémez” and to Dr. Fabio A. Salamanca Gémez from
Hospital de Pediatria “Dr. Silvestre Frenk Freund”, IMSS.



M. Pérez-Ramirez, et al.

Clinical Neurology and Neurosurgery 186 (2019) 105488

A) B)
o Cyclin D1 expression p53 expression
h | Negative
1 Negative Weak staining
Weak staining Modetare staining
Modetare staining Strong Staining
084 Strong Staining 084
] S
2 s
g 267 3 06
(2] » Fe
[
S <]
S £
c )4 g 044
o
g 3
)
a o
02+ 0.2+
0.0 0.0
T T T T T T T T T T T T T T
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Progression-Free Survival (years) Progression-Free Survival (years)
C) D)
1.0 Ki-67 expression 1.0 IMMT expression
1 Negative
" Weak staining ~1 Negative
Modetare staining Positive
05 08
© ©
2 2
g g
067 06
(2] (2]
o [
=] =]
< <
< <
g 0.4 g 0.4
o o
S S
[ [
o o
027 0.2+
0.0 004
T T T T T T T T T T T T
0 5 10 15 20 25 30 0 1 2 3 4
Overall Survival (years) Overall Survival (years)
E) IPO7 expression
1.04
1 Negative
Positive
0.8
©
2
<
<I=J 06
o
o
]
ol
c
@ 04
o
o
)
o
0.2
0.0

T T T
0 1 2

T
3

Overall Survival (years)

Fig. 3. Prognosis correlation with the Kaplan Meier analysis. The line color refers to the staining type. The ordinates axis shows the patient’s percentage of survival.
A) Cyclin D1 expression and relapse. The abscissa axis shows the relapse. B) p53 expression and relapse. The abscissa axis shows the relapse. C) Ki-67 expression and
relapse. The abscissa axis shows the relapse. D) IMMT expression and survival. The abscissa axis shows the survival. E) IPO7 expression and survival. The abscissa
axis shows the survival.

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the

online version, at doi:https://doi.org/10.1016/j.clineuro.2019.105488.
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