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Abstract: Background: Diffuse astrocytoma (WHO grade II) is a primary low-grade brain tumor of astrocytes.
Although grade II astrocytoma is a relatively slow growing tumor, they have a high recurrence rate. In the 2016
edition of the WHO classification, gliomas are classified based not only on histopathologic appearance but also on
molecular parameters. 5-Methylcytosine (SmC) in genomic DNA has important epigenetic functions in tumor
biology. 5-Hydroxymethylcytosine (ShmC) is generated from 5SmC by the action of the TET (Ten - Eleven -

Translocation) enzymes. The highest levels of ShmC were observed in terminally differentiated cells, while less
differentiated tissue had very low ShmC levels. Therefore, ShmC levels were profoundly reduced in carcinoma.
ShmC regulation in malignant glioma may represent an important determinant of tumor differentiation and
aggressive behavior. Aim: In the current study, we measured the level of ShmC in diffuse astrocytoma WHO grade
IT and analyze its relationship with other molecular markers to investigate their potential roles as a prognostic
indicator for astrocytoma patients. Patients & Methods: This prospective study included 55 adult patients with
histologically confirmed grade II astrocytoma on the basis of WHO grading system. Those patients treated at Tanta
University Hospitals through the period from January 2015 to June 2018. Results: In our study, low level of ShmC
was significantly associated with tumor size >5cm (P < 0.001), but there was nonsignificant correlation between
Shme level and age, gender, location and extent of resection. Meanwhile, there is significant correlation between
high level of ShmC and presence of isocitrate dehydrogenasel (IDH1) mutation, low level KI67 and low level of P53
(P <0.001, P=0.007 and P=0.001 respectively). Kaplan-Meier analysis was used for Correlation between overall
survival and ShmC and revealed significant correlation between overall survival and ShmC. The 3-year overall
survival for patients with high ShmC level was 88.7% compared to 31.7% for patients with low ShmC level (P
<0.001, 95%CI=4.8-448). Conclusion: Molecular classification of grade II astrocytoma may be used to delineate it.
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1. Introduction Therefore, World Health Organization (WHO) in
Diffuse astrocytoma (WHO grade II) is a primary 2016 breaks with the traditional principle of diagnosis
low-grade brain tumor of astrocytes . Although grade based on histologic criteria only and incorporates
I astrocytoma is a relatively slow growing tumor, they molecular markers. This will involve a multilayered
have a high recurrence rate due to diffuse infiltration approach combining histologic features and molecular
of brain tissue and an inherent malignant potential to information in an "integrated diagnosis .
transform into high-grade astrocytoma . 5-Hydroxymethylcytosine is a DNA pyrimidine
WHO classification system in 2007 has nitrogen base. It is formed from the DNA base
combined tumor nomenclature with an implied cytosine by adding a methyl group and then a hydroxy
grading system so that the histologic diagnosis directly group. It is important in epigenetics, because the
correlates with the histologic grade of the tumor @, hydroxymethyl group on the cytosine can possibly
This classification system is not optimal because it is switch a gene on and off. ShmC is present with highest
based on microscopic characteristics of gliomas which level in central nervous system ©.
limit the adequate assessment of prognosis and 5hmC is not only serving as an intermediate of
appropriate planning of treatment. It becomes clear DNA demethylation, but also acts as a stable
that different molecular alterations underlie the epigenetic marker, abundant evidence detected that
different glioma subtypes . ShmC globally decreased in most human

malignancies, including gliomas 7.
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S5hmC reduction was closely associated with
higher pathological grades and shortened survival of
glioma patients ),

In the current study, we measured the level of
S5hmC in diffuse astrocytoma WHO grade II and
analyze its relationship with other molecular markers
to investigate their potential roles as a prognostic
indicator for astrocytoma patients.

2. Patients and Methods

This prospective study included 55 adult patients
with histologically confirmed grade II astrocytoma on
the basis of WHO grading system . Those patients
treated at Tanta University Hospitals through the
period from January2015 to June 2018.

The inclusion criteria were grade II
astrocytomas, intracranial localization and age > 18
years old. Clinical data including gender, karnofasky
scale performance status, age, tumor location (supra-
or infratentorial), treatment (gross total resection,
partial resection or biopsy), radiotherapy and survival
all were tabulated.

Tumor specimens were obtained by surgical
resection (including biopsy) written informed consent
for use of the specimens. Formalin-fixed, paraffin-
embedded specimens were pathologically examined.

All patients underwent computed tomography
(CT) planning for three-dimensional conformal
radiotherapy with 6 MV linear accelerator photon
beams. Radiotherapy dose prescriptions was 54 Gy/30
fractions in 1.8 Gy per fraction, five fractions a week
over 6 weeks, all patients received dehydrating
measures during radiotherapy then gradually
withdrawn After the completion of therapy, patients
were observed at 3-month intervals during the first 3
years and at 6-month intervals thereafter. Survival was
calculated from date of diagnosis to either date of
death or last follow-up.
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Immunohistochemistry for ShmC

Active Motif, Rixensart, Belgium dilution
1:1000, P53 (DO-7, Dako, Carpinteria, CA, USA;
dilution 1:100) and KI67 (MIB-1, Dako, Glostrup,
Denmark; dilution 1:50) was performed in tissue
sections of glioma samples.

In brief, Paraffin embedded tissue blocks were
cut to 4um sections and deparaffinized and rehydrated
using xylene and ethanol; 3% H,O, in phosphate
buffered saline (PBS) was used to inactivate the
endogenous peroxidase. The slides were blocked with
goat serum to reduce nonspecific binding and then
incubated with primary ShmC (1:1000 dilution)
antibody overnight at 4 °C. Diaminobenzidine (DAB)
substrate was used for detection and hematoxylin was
used for counterstaining. The samples were then
mounted for visualization.

Each stained slide was individually reviewed and
scored by 2 independent observers. All studied
markers were nuclear localization. Microscopic areas
with highest labeling intensity were chosen for
calculation using image J analysis.

ShmC staining was scored using a 9-point scale
on the basis of the product of staining intensity (no
staining =0, weak staining= 1, moderate staining=2,
strong staining = 3), and staining extent (% of positive
cells, <5%=0, 5%-30%=1, 30%—60%=2,
>60%=3). To facilitate statistical analysis, the
samples were divided into 2 groups according to
staining scores. Group 1 had no or weak staining with
the scores of 0 to 3. Group 2 had moderate and strong
staining with the scores from 4 to 9 (Figure 1). P53 or
KI-67 labeling index (LI) was defined as the
percentage of immunoreactive tumor cell nuclei
(Figure 2). For statistical analysis, cutoff value of L1
for P53 and KI67 was 10% and 4% respectively
according to previous reports.

Fig. 1: Immunoexpression of ShmC in: astrocytoma grade II exhibiting score 9 X 200
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Methodology of detection ofIDH1 mutation

e Genomic DNA was extracted from peripheral
blood samples collected on K3EDTA using
PureLink™ genomic DNA Kit (Carlsbad, USA)
according to manufacturer illustration.

e DHTI gene was amplified using 400 nM of
each primer f: CGGTCTTCAGAGAA GCCATT and
r: GCAAAATCACATTATTGCCAAC, 30 ng DNA
and 12.5 ul of 2X taq based master mix in a total
reaction volume of 25 ul. The thermal profile was
initial denaturation at 950 followed by 35 cycles of
940 for 30 sec, 480c for 1 min and 72oc for 1 min with
final extension at 72oc for 10 min (biometra thermal
cycler, Germany). The PCR product (fragment of 129
bp) was visualized by 2% agarose gel electrophoresis
stained with ethidium bromide.

e The PCR product was purified before the
cycle sequencing reaction using QIAquick PCR
Purification Kit (Qiagen, GmbH, Germany) according
to manufacturer protocol.

e Sanger Sequencing.

e The cycle sequencing reaction was carried
out using big dye terminator sequencing kit v3.1
(applied biosystems, Foster City, USA), 3.2 pmol of
the forward primer and 3 ul of the purified PCR
product in total reaction volume of 20 ul. 25 cycles of
denaturation at 96oc for10 sec, annealing at 48 oc for
5 sec and extension at 60 oc for 4 min were run.
Sequences were determined using the ABI 3100
Genetic Analyzer (Applied Biosystems).

Statistical analysis

Survival was assessed and compared using
Kaplan-Meier curves and log-rank test. P-values <
0.05 were considered being significant. Overall
Survival was calculated from date of diagnosisto either
date of death or last follow-up.
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3. Results
Clinicopathological features of the patients
(Tablel).

This study includes 55 patients, diagnosed

pathologically to have type II astrocytoma. The mean
age was 40 years (range 19-61 years). Male patients
represented 65.4% of all patients (36 out of 55) and
female represented 34.6%.

Most of astrocytoma located in supratentorial
area (61.8%) while 38.9% located in other sites.
Tumor size was < Scm in 36 patients (65.4%) and >
Sem in 19 patients (34.6%). Seventeen patients
undergone gross total resection (GTR) representing
30.9% of all patients while 69.1% undergone subtotal
resection (STR).

Table (1): Clinicopathological features of the
patients

Characters Number (%)
Mean age, years (range) 40 (19-61)
Age

>40 27 (49)

<40 28 (51)
Gender

Male 36 (65.4)
Female 19 (34.6)
Location

Supratentorial 34 (61.8)
Other 21 (38.9)
Tumorsize

>5cm 36(65.4)
<Scm 19 (34.6)
Extentofresection

GTR 17 (30.9)
STR 38 (69.1)

Thirty-nine of the studied 55 patients had
different IDHI mutations. Table (2) summarized the
types and frequencies of the detected mutations in
IDHI codon 132.
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Correlation between ShmC level and
clinicopathological features: Table (3)

By Chi square analysis, low Shmc score was
significantly associated with tumor size > Scm (P<
0.001). While the correlation between Shmc level and

age, gender, location and extent of resection was non-

Table (2):

The types and frequencies of the
detected mutations in IDH1 codon 132

significant.

Nucleotide Change Number %
G395A 35/39 89.7%
C394T 2/39 5.1%
C394A 1/39 2.56%
C394G 1/39 2.56

Table (3): Correlation between ShmC level and clinicopathological features.

Prognostic factors (551_ I;)C score @9) P value
Age

<40: >40 8:9 20:18 0.702
Gender

Male: female 13:4 23:15 0.360
Location

Supratentorial: other 8:9 26:12 0.132
Size

<5cm? >5 cm? 0:17 36:2 0.001
Resection

Total: subtotal 6:11 11:27 0.638

Correlation between ShmC and other molecular markers: Table (4)
By Chi square analysis, there was significant correlation between high level of ShmC and presence of IDHI
mutation, low level KI67 and low level of P53 (P<0.001, P=0.007 and P=0.001 respectively).

Table (4): Correlation between ShmC and other molecular markers

Molecular marker ShmC score P value
(0-3) 4-9)

IDH1

Mutation: wild type 2:15 28:10 <0.001

Ki 67 label index

<4:>4 6:11 28:10 0.007

P53 label index

<10:>10 6:11 31:7 0.001

Survival analysis
Overall survival and ShmC level:

Cum Survival
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Fig. 3: Correlation between OS and ShmC
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There was significant correlation between OS
and 5ShmC level (Figure 3). The 3-year OS for patients
with high 5ShmC level was 88.7% compared to 31.7%
for patients with low S5hmC level (P<0.001,
95% C1=4.8-448).

Overall survival and IDH1 mutation status

The 3-year OS for patients with IDH1 mutation
was 95%, whilethe 3-year OS for patients with IDH1
wild type was34.4% (P<0.001, 95% CI= 3.9-31.6).
IDH1 mutation significantly correlated with better
survival (Figure 4).
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Fig. 4: Correlation between OS and IDH1 mutation

Overall survivaland K167

The 3-year OS for patients with KI67<4 was
89% while for patients with KI67>4, the3- year OS
was 49.3% (P=0.004 CI=1.51: 23.8). KI67 label index
<4 significantly associated with better survival (Figure
5).
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Overall survival and P53

The 3-year OS was 59.3% for patients with P53
>10 and 83% for patients with P53<10 (P=0.06,
CI=0.87-11.15). (Figure 6).
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4. Discussion

The classification of central nervous system
tumors has recently been shaped by a focus on
molecular pathology rather than histopathology .

Diffuse gliomas are classified according to the
2016 World Health Organization (WHO) system by
both histologic and molecular characteristics as
isocitrate dehydrogenase (IDH)-mutant or IDH-
wildtype astrocytomas; IDH-mutant and 1pl19q-
codeleted oligodendrogliomas; and IDH-mutant or
IDH-wild type glioblastomas .

Isocitrate dehydrogenase (IDH) is a key factor in
metabolism and catalyzes the oxidative
decarboxylation of isocitrate. Mutations in IDH genes
are observed in over 70% of low-grade gliomas ",
Importantly, IDH-wild type status in low-grade
gliomas should be confirmed by IDH sequencing
rather than relying on a negative
immunohistochemical test for the most common
mutant form of IDH, IDHI R132H %,

5-Methylcytosine (5 mC) in genomic DNA has
important  epigenetic  functions in  embryonic
development and tumor biology. 5-
Hydroxymethylcytosine (5 hmC) is generated from 5
mC by the action of the TET (Ten-Eleven-
Translocation) enzymes and may be an intermediate to
(f}gther oxidation and finally demethylation of 5 mC

Maximal safe resection at the time of diagnosis
for all patients with a presumed low-grade glioma,
based upon reviews of the literature, have found a
trend toward improved survival with this approach !?.

Currently, for patients with grade II or III
gliomas who require postsurgical treatment, the
preferred treatment consists of a combination of
radiotherapy and chemotherapy. When deciding on the
timing of postsurgical treatment with radiotherapy and
chemotherapy, both clinical and molecular factors
should be taken into account *.

In the current study, we measured the level of 5-
Hydroxymethylcytosine (Shm) in diffuse astrocytomas
WHO grade II and analyze its relationship with other
molecular markers to investigate their potential roles
as a predictive indicator for astrocytoma patients and
we observed that, there is significant correlation
between OS and ShmC. The 3-y OS for patients with
strong Shmc was 88.7% compared to 31.7% for
patients with low Shmc level and there is significant
correlation between strong level of Shmc and presence
of IDH mutation, low level Ki 67 and low level of P
53 (P <0.001, P=0.007 and P=0.001 respectively).
Consistent with our findings, Brent et al 2012 and
Zhang et al 2016 used immunohistochemistry to
evaluate ShmC in a large series of gliomas and found
that ShmC reduction was closely associated with
shortened survival of glioma patients ',
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The 3 y OS in the current study was 59.3% for
patients with p53 >10 and 83% for patients with P53
<10 (P=0.06, CI=0.87-11.15) in contrast with Stander
et al, 2004 who did not exhibit this prognostic
relevance this may be due to the difference in the
WHO classification that the patients based on ",

About 70.9% of the studied patients had mutated
IDHI, this comes in concordance with Hartmann et al
who found almost the same percentage among their
studied patients ¥

In our study there is significant correlation
between IDHI and survival in contrast with Aibaidula
et al 2017 who failed to detect this significance in low
grade glioma . As consistent with our results the
relevance of IDH1 mutations as a favorable prognostic
marker has been demonstrated in several studies “**?.

The 3-y OS for our patients with (IDH1 mutation
and strong Shmc) was 95% while 3y OS was 58.2%
and 55.6% for patients (without IDH1 mutation and
weak Shmc) or other respectively (P=0.026,
95%CI=1.1-4.5). Significant correlation which agrees
with other studies ).

5. Conclusion

Low level of ShmC was associated with reduced
survival intype II astrocytoma, suggesting that the
mechanisms responsible for regulating 5ShmC may
represent a potential future therapeutic target.
Molecular classification may delineate diffuse
infiltrating astrocytomas into distinct pathogenic and
prognostic groups, which could aid in representing
new the rapeuticstrategies.
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