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Abstract: The promoter region of telomerase reverse transcriptase (TERTp) and isocitrate dehydrogenase (IDH)
have been regarded as biomarkers with distinct clinical and phenotypic features. Investigated the possible cor-
relations between tumor location and genetic alterations would enhance our understanding of gliomagenesis and
heterogeneity of glioma. We examined mutations of TERTp and IDH by direct sequencing and fluorescence in-situ
hybridization in a cohort of 225 grades Il and Il diffuse gliomas. Correlation analysis between molecular markers
and tumor locations was performed by Chi-square tests/Fisher’'s exact test and multivariate logistic regression
analysis. We found gliomas in frontal lobe showed higher frequency of TERTp mutation (P=0.0337) and simul-
taneously mutations of IDH and TERTp (IDH™-TERTp™") (P=0.0281) than frequency of biomarkers mutation of
tumors in no-Frontal lobes, while lower frequency of TERTp mutation (P<0.0001) and simultaneously wild type of
IDH and TERTp (IDH"-TERTp*) (P<0.0001) in midline than no-midline lobes. Logistic regression analysis indicated
that locations of tumors associated with TERTp mutation (OR=0.540, 95% Cl 0.324-0.900, P=0.018) and status of
combinations of IDH and TERTp (IDH™-TERTp™" vs. IDH*"-TERTp **t OR=0.162, 95% CI 0.075-0.350, P<0.001). In
conclusion, grades Il and Ill gliomas harboring TERTp mutation were located preferentially in the frontal lobe and
rarely in midline. Association of IDH-TERTp status and tumor location suggests their potential values in molecular
classification of grades Il and Ill gliomas.

Keywords: Gliomas, heterogeneity, IDH mutation, TERT promoter mutation, tumor location

Introduction

Gliomas are the most common primary brain
malignancies. They were classified by World
Health Organization (WHO) into four grades
according to the morphological resemblance of
the neoplastic cells to normal glial tissues [1,
2]. While glioblastomas (grade IV) had the most
dismal prognosis [3-5], grades Il and Ill gliomas
showed a relatively favorable but highly vari-
able survival [2]. Although the great improve
had been made on the diagnosis and treatment
of grades Il and Ill gliomas in the past decades,
patients with grades Il and lll gliomas had an
inevitable recurrence and mortal result.

It had been increasingly valued by researchers
that gliomas with diverse genetic abnormalities
might arise from distinct cell types of origin and
might be an important cause of tumor hetero-
geneity [6, 7]. The association between genetic
signature and tumor location is important for
understanding the spatial origin of tumorigene-
sis, sub-classifying this kind of aggressive can-
cers and developing more intensive treatment
measures to prolong the life of patients with
grades Il and Ill gliomas.

In the recent years, isocitrate dehydrogenase
(IDH) mutation has been linked with special
location distribution in diffuse gliomas. Appro-
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ximately 70% to 80% of grades Il and Il diffuse
gliomas and secondary glioblastomas, exclud-
ing ependymoma and pilocytic astrocytomas,
harbor mutations at codon 132 (R132) of the
isocitrate dehydrogenase 1 gene (IDH1) or at
codon 172 (R172) of the isocitrate dehydroge-
nase 2 gene (IDH2) [5, 8-11]. Many studies
reported the preferential localization of glio-
blastomas [12-14] and lower-grade diffuse
astrocytic gliomas [5, 6, 9, 12, 15-19] with IDH
mutation in frontal lobe, suggesting this kind of
tumors may arise from distinct cell types of
origin.

Concurrently, it is well known that the promoter
region of telomerase reverse transcriptase
(TERTp) is a driver event in cancer development
[19]. Shortening of telomere repeats cap at the
ends of eukaryotic chromosomes with each cell
division trigger cell death or senescence even-
tually [20]. TERTp encodes catalytic subunits of
telomerase which maintain telomere length,
and delay cellular senescence [20, 21]. Tumors
with TERTp mutation present distinct clinical
and phenotypic features [19]. Analysis of the
spatial distribution of TERTp mutation in grade
Il and Il gliomas and combined analysis with
the spatial distribution of IDH mutation may
enhance the understanding of gliomagenesis.
It would be a new perspective for neurosur-
geons to consider grade Il and Il gliomas
because of the association between genetic
alterations and distinct prognosis of gliomas
[22-25]. To our knowledge, there is no report
about the regional distribution of TERTp muta-
tion in WHO grade Il and lll gliomas. In this
study, we examined the TERTp and IDH muta-
tion of 225 WHO grade Il and lll gliomas, con-
firmed the brain lobes their located and analy-
sis the associations of TERTp mutation, IDH
mutation and tumor location.

Patients and methods
Patients and tissue samples

A total of 225 grades Il and Il gliomas with for-
malin-fixed paraffin-embedded tissues avail-
able and imaging studies (MRI) at the time of
the diagnosis or in the preoperative period
available were selected from the Department
of Neurosurgery, Huashan hospital (Shanghai,
China) between 2001 and 2011 and from the
Department of Anatomical and Cellular Patho-
logy, Prince of Wales Hospital (Hong Kong)
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between 1990 and 2012 [26, 27]. To confirm
the tumors location perfectly, detailed radio-
logical reports, operative reports and profiles of
postoperative MRI were studied also. According
to the 2007 WHO classification [2], there were
96 diffuse astrocytomas (WHO grade II; All), 20
oligodendrogliomas (WHO grade lI; Oll), 47 oli-
goastrocytomas (WHO grade II; OAll), 54 ana-
plastic astrocytomas (WHO grade Ill; AAlll), 5
anaplastic oligodendrogliomas (WHO grade llI;
AQOIlll), 3 anaplastic oligoastrocytomas (WHO
grade lIl; AOAIIl). The cohort overlapped partly
with previous studies [26, 27]. This study was
approved by the Ethics Committee of Shanghai
Huashan Hospital and the New Territories East
Cluster-Chinese University of Hong Kong Ethics
Committee.

Tumor location

To consider the tumor locations, imaging pro-
files (MRI) and the clinical files were retrospec-
tively reviewed by two neurosurgeons that had
no idea of the molecular status of the patient. If
there were disagree with the tumor categori-
zation between them, a senior neurosurgeon
would have the right to judge the tumor involve-
ment. To simplify the analysis, the tumors were
primarily assigned into three kinds of locations:
frontal, midline and others [28]. Frontal gliomas
included only the tumors located entirely in
frontal lobe. Midline location included corpus
callosum, thalamencephalon, periventricular
location, brainstem and thoracic spinal cord
[7], where tumors entirely located in. Others
lobes included insular lobe (including insular,
frontotemporal-insular, temporal-insular and
frontal-insular lobe), temporal lobe (including
temporal, frontotemporal, tempoparietal, tem-
poral-occipital lobe), parietal lobe (including
parietal, frontoparietal, parietal-occipital lobe)
and Occipital lobe & Cerebellum (including
occipital lobe and cerebellum).

Mutational analysis of TERTp and IDH

Among the 225 grade Il and Ill gliomas that had
been detected IDH mutation, 213 grade Il and
Il gliomas were examined for mutations of
TERTp. Detection of IDH1 and IDH2 alterations
of the mutational hotspot codons R132 and
R172 and mutation analysis of TERTp were per-
formed as previously described respectively
[26, 27, 29]. Briefly, crude cell lysate extracted
from dewaxed sections from representative
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Table 1. Clinical and molecular data of 225 WHO grade Il
and lll gliomas

Variables All patients IDH mutation TERTp mutation
number (%)  positive/all (%)  positive/all (%)
Age
Median 40 39 44
Mean (+SD) 40.8+12.2 40.949.6 43.7£11.5
Range 3-79 23-79 13-70
Sex
Male 140 (62.22) 91/140(65) 35/131(26.72)
Female 85(37.78) 58/85(68.24) 26/82(31.71)
Pathology
Il 163 (72.44) 123/163 (75.46) 45/158 (28.48)
11 62 (27.56) 26/62(41.93) 16/55 (35.56)
Location
Frontal 83(36.89) 67/83(80.72) 30/81(37.04)
Insular 13 (5.78) 10/13 (76.92) 4/13(30.77)
Temporal 61 (27.11) 41/61(67.21) 15/53 (28.3)
Parietal 35(15.56) 25/35(71.43) 9/33 (27.27)
0&C 6 (2.67) 1/6 (16.67) 0/6 (0)
c&cC 6 (2.67) 3/6 (50) 0/6 (0)
Midline 21 (9.33) 2/21 (9.52) 2/21 (9.52)

Abbreviations: O & C, Occipital & Cerebellum; C & C, Corpus callosum &
Cingulate gyrus. Frontal including tumors located entirely in frontal lobe;
Midline including tumors located entirely in corpus callosum, thalamen-
cephalon, periventricular location, brainstem and thoracic spinal cord;
Insular including tumors involved in insular, frontotemporal-insular,
temporal-insular and frontal-insular lobe; Temporal including tumors
involved in temporal, frontotemporal, tempoparietal, temporal-occipital
lobe; Parietal including tumors involved in parietal, frontoparietal,
parietal-occipital lobe; O & C including tumors located entirely in occipital
lobe and cerebellum; C & C including tumors located entirely in corpus

Statistical analysis

Fisher’s exact test (or Chi-square tests
when n>10) were performed to assess
the genotype distribution of IDH and
TERTp mutation in different tumor
locations. Main effects multivariate
logistic regression analysis was used
to identify the factors associated with
status of biomarker of this cohort of
grade Il and Ill gliomas. Gender (val-
ues: 1= female, 0= male), age (values:
1= group of patients <40 years old,
2>40 years old), pathology (values: 1=
Gradell, 2= Grade Ill) and locations of
tumors (values: 1= Frontal, 2= Others
lobe, 3= Midline) were selected as
independent variables for the analysis
of each biomarker status. Value of j3,
odds ratio (ORs), 95% confidence
interval (95% Cls) and p-values of fac-
tors with status of each biomarkers
status were calculated respectively. All
statistical tests were two-sided, and
the threshold for statistical signifi-
cance was P<0.05. Analyses were
conducted with SPSS for Windows ver-
sion 20.0 (SPSS Inc, Chicago, IL, USA).

Results

Cohort characteristics and molecular
data

callosum and cingulate gyrus.

tumor area with tumor content greater than
70% was used for subsequent polymerase
chain reaction (PCR) analysis. Primers sequenc-
es (the forward primer IDH1F: 5-CGGTCTT-
CAGAGAAGCCATT-3" and reverse primer IDH1-R:
5-CACATTATTGCCAACATGAC-3’; forward primer
IDH2-F: 5-AGCCCATCATCTGCAAAAAC-3’' and
reverse primer IDH2-R 5-CTAGGCGAGGAGCT-
CCAGT-3’) were used to amplify fragments of
PCR, while a 163 bp fragment spanning the two
mutational hotspots (C228T and C250T) in pro-
moter region of TERTp were amplified with
TERT-F (5-GTCCTGCCCCTTCACCTT-3’) and TE-
RT-R (5-CAGCGCTGCCTGAAACTC-3’). Sequen-
cing was performed using Big Dye Terminator
Cycle Sequencing kit v1.1. The products were
resolved in Genetic Analyzer 3130xI and ana-
lyzed by Sequencing Analysis software.
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IDH mutation was found in 149 of 225

(66.22%) cases examined, including
one IDH1-R132S mutation, one IDH2-R172M
mutation, three IDH2-R172K mutation and 144
IDH1-R132H mutations. IDH mutations were
found in 65% (91/140) male patients and
68.24% (58/85) female patients. There were
117 patients younger than or equal to 40 years
and 108 patients older than 40 years, with
72.12% (75/108) and 63.25% (74/117) harbor-
ing IDH mutations, respectively. Among the
cohort, 68.75% (66/96) of All, 90% (18/20) of
Oll and 82.98% (39/47) of OAIll harbored IDH
mutations. Grade Il gliomas, including AAlll,
AOIll and AOAIlIl showed IDH mutations in
41.94% (26/62) of cases (Table 1 and Table
S1).

Mutation in TERTp was found in 61 of 213
(28.64%) grade Il and Il gliomas examined. The
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Figure 1. Correlations between locations distribution and molecular status of WHO grade Il and Il gliomas. The
rate of IDH mutation (A) and TERT promoter mutation (C) of WHO grade Il and Ill gliomas decreased gradually from
frontal lobe to Midline. WHO grade Il and Ill gliomas with IDH mutation (B) and TERT promoter mutation (D) is more
preferentially located in Frontal and repulsively in midline. Footnotes: Frontal including tumors located entirely in
frontal lobe; Midline including tumors located entirely in corpus callosum, thalamencephalon, periventricular loca-
tion, brainstem and thoracic spinal cord; Insular lobe including tumors involved in insular, frontotemporal-insular,
temporal-insular and frontal-insular lobe; Temporal lobe including tumors involved in temporal, frontotemporal,
tempoparietal, temporal-occipital lobe; Parietal lobe including tumors involved in parietal, frontoparietal, parietal-
occipital lobe; Occipital lobe & Cerebellum including tumors located entirely in occipital lobe and cerebellum.

Table 3. ORs, 95% Cls and p-values of class-
es of gliomas location according to status of

Table 2. ORs, 95% Cls and p-values of
classes of gliomas location according to

status of IDH TERTp

Variables B P OR 95% ClI Variables B P OR 95% ClI
Gender -0.286 0.396 0.751 0.388-1.455 Gender 0.092 0.774 1.097 0.584-2.061
Age -0.387 0.237 0.679 0.358-1.289 Age 0.539 0.089 1.715 0.921-3.192
Pathology -1.483 0.000 0.227 0.114-0.453 Pathology 0.025 0.946 1.025 0.504-2.085
Location -1.456 0.000 0.233 0.132-0.413 Location -0.616 0.018 0.540 0.324-0.900

Abbreviations: Cl, confidence interval; OR, odds ratio. Abbreviations: Cl, confidence interval; OR, odds ratio.

Correlation between biomarker status and tu-
mor location

mutations were found in 26.72% (35/131) of
male patients and 31.7% (26/82) of female
patients. There were110 patients younger than

or equal to 40 years and 103 patients older
than 40 years, with 19.42% (20/103) and
36.36% (40/110) showing TERTp mutation,
respectively. Among the cohort, 14.89%
(14/94) of All, 73.68% (14/19) of Oll, 37.78%
(17/45) of OAll, 22.45% (11/49) of AAlll, 100%
(3/3) of AOIll and 66.67% (2/3) of AOAIIl har-
bored TERTp mutation respectively (Table 1).
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To discover the tendency of the distributions of
biomarker status on brain lobes, we calculated
the approximate mutation rate of each bio-
marker across brain lobes. Figure 1A showed
IDH mutation was identified in 67 of 83
(80.72%) frontal tumors, 10 of 13 (76.92%)
insular tumors, 41 of 61 (67.21%) temporal
tumors, 25 of 35 (71.43%) parietal tumors, 3 of
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Table 4. Regional distribution of the tumors according to combined status of IDH and TERTp
Number Frontal P/N no Frontal P/N P (F vs. NF) Midline P/N no Midline P/N P (M vs. NM)

IDH"-TERTp" 57 10/71 47/85 0.0002 17/4 40/152 <0.0001
IDH"-TERTp™ 13 5/76 8/124 1.0000 2/19 7/185 0.6309
IDH™.TERTp™ 95 41/40 54/78 0.2015 2/19 93/99 0.0004
IDH™-TERTp™ 48 25/56 23/109 0.0281 0/21 48/144 0.0050

Abbreviations: P/N, numbers of gliomas with positive/negative biomarker mutation; P (F vs. NF), P values between Frontal and
no-Frontal; P (M vs. NM), P values between Midline and no-Midline.

Table 5. ORs, 95% Cls and p-values of classes of gliomas
location according to combined status of IDH and TERTp

callosum & cingulate gyrus tumors,
0 of 6 (0%) occipital & cerebellar
tumors and 2 of 21 (9.52%) midline

Variables B P OR 95% ClI .
IDH-TERTp™ 1 tumors (Figure 1C). We fou_nd also
IDHM.TERTp™ that there was la degressive ten-
Gender -0.043 0.923 0.958 0.399-2.299 dency of mutatIOh _rate of TERTp
from Frontal to Midline. The rat of
Age 0.190 0.665 1.209 0.513-2.852 TERTp mutation in the cohort of
Pathology -1.395 0.009 0.248 0.087-0.709 grades Il and grade Il gliomas were
Location -1.819 0.000 0.162 0.075-0.350 h|gher in the frontal lobe than non-
IDH™-TERTp*'& IDH"-TERTp™" frontal region (P=0.0337, Chi-sg-
Gender -0.135 0.720 0.874 0.417-1.830 uare tests) and lower in the midli-
Age -0.024 0.948 0.976 0.479-1.991 ne than non-midline location (P=
Pathology -0.774 0.049 0.461 0.213-0.998 0.0438, Fisher’s exact test) (Figure
Location -1.411 0.000 0.244 0.131-0.453 D). Results of binary logistic

Abbreviations: Cl, confidence interval; OR, odds ratio.

6 (50%) corpus callosum & cingulate gyrus
tumors, 1 of 6 (16.67%) occipital & cerebellar
tumors and 2 of 21 (9.52%) midline tumors. We
found from Figure 1A that there was a degres-
sive tendency of mutation rate of IDH from
Frontal to Midline. Chi-square test or Fisher’s
exact test had been used to find out that the
rate of IDH mutation in the cohort of grade Il
and grade lll gliomas were higher in the frontal
lobe than non-frontal region (P=0.0004, Chi-
square test) and lower in the midline than non-
midline location (P<0.0001, Fisher’s exact test)
(Figure 1B). Results of binary logistic regress
confirmed this discover. As shown in Table 2,
Locations of tumors after adjustment for gen-
der, age and pathology (B=-1.456, OR=0.233,
95% Cl 0.132-0.413, P<0.001) was found to
be independently associated with status of
IDH1/2. With the values of 3 is negative, the
rate of IDH mutation has a degressive tendency
from Frontal to midline.

TERTp mutation was found in 37.04% (30/81)
of frontal tumors, 30.77% (4/13) of insular
tumors, 28.30% (15/53) temporal tumors, 9 of
33 (27.27%) parietal tumors, O of 6 (0%) corpus
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regress confirmed this discover
too. Locations of tumors after
adjustment for gender, age and
pathology (3=-0.616, OR=0.540, 95% CIl 0.324-
0.900, P=0.018) was found to be independent-
ly associated with status of TERTp. With the
values of 3 is negative, the rate of TERTp muta-
tion has a degressive tendency from frontal
lobe to midline also (Table 3).

Distribution of grade Il and Il gliomas with
combined status of IDH and TERTp

As the results shown above, IDH mutation and
TERTp mutation in grades Il and Il gliomas
shared similar spatial distributions across brain
lobes. Therefore, we analyzed the regional dis-
tribution of the tumors according to combined
status of IDH and TERTp (IDH-TERTp). Results
of Chi-square test or Fisher’s exact test identi-
fied that simultaneously mutations of IDH and
TERTp (IDH™-TERTp™") subgroup was prefer-
entially located in frontal lobe (P=0.0281) and
simultaneously wild type of IDH and TERTp
(IDH"-TERTp"") subgroup was preferentially lo-
cated in midline regions (P<0.0001). We identi-
fied the rate of IDH™“TERTp"' were lower in
midline tumors (P=0.0004), but did not identify
any other association between IDH™-TERTp"
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Table 6. Correlations between locations distribution and molecular status of subgroups of WHO grade
Il and lll gliomas

Number Frontal P/N no Frontal P/N P (F vs. NF) Midline P/N no Midline P/N P (M vs. NM)

TERTp 158 23/38 22/75 0.0468 0/11 45/102 0.0346

IDH1/2 163 56/6 67/34 0.0006 0/11 123/29 <0.0001
1]

TERTp 55 7/13 9/26 0.5434 2/8 14/31 0.7055

IDH1/2 62 11/10 15/26 0.2329 2/8 24/28 0.3316
Man

TERTp 131 15/29 20/67 0.1750 2/15 33/81 0.2376

IDH1/2 140 40/5 52/43 <0.0001 2/15 90/33 <0.0001
Female

TERTP 82 15/22 11/34 0.1191 0/4 26/52 0.3058

IDH1/2 85 27/11 31/16 0.6159 0/4 58/23 0.0087
>40

TERTp 103 19/25 17/42 0.130 2/7 34/60 0.4894

IDH1/2 108 35/10 32/31 0.0051 1/8 66/33 0.0017
<40

TERTp 110 11/26 14/59 0.2122 0/12 25/73 0.0646

IDH1/2 117 32/6 50/29 0.0301 1/10 81/25 <0.0001

Abbreviations: P/N, numbers of gliomas with positive/negative biomarker mutation; P (F vs. NF), P values between Frontal and
no-Frontal; P (M vs. NM), P values between Midline and no-Midline.

subgroup and IDH"-TERTp™' subgroup with
location (Table 4). To confirm the result, we
used a main effects multivariate logistic regres-
sion analysis to identify if the IDH-TERTp status
correlated with tumor locations. For dependent
variables, the IDH™-TERTp™* subgroup was set
as 1, while subgroup of IDH™-TERTp** and
IDHY*-TERTp™* were set as 2, IDH"“-TERTp"!
subgroup was set as 3 (Table S1). As shown in
Table 6, Locations of tumors after adjustment
for gender, age and pathology (IDH™-TERTp™"
vs. IDH"-TERTp"* $=-1.819, OR=0.162, 95% CI
0.075-0.350, P<0.001; IDH™-TERTp" & IDH"'-
TERTp™tvs. IDH"-TERTp*'3=-1.411,0R=0.244,
95% C1 0.131-0.453, P<0.001) was found to be
independently associated with status of IDH-
TERTp. The result of the regression analysis
shown there was a depressive of rate of IDH-
TERTp mutation from Frontal to Midline (Table
5).

Biomarker distribution in subgroups by age,
gender and histology

We further evaluated the effects of age, gender

and histology on the spatial distribution of
molecular markers as shown in Table 6. In both
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age subgroups of patients above 40 years and
patients at or under 40 years, IDH mutation
frequency was significantly higher in frontal
tumors and lower in midline tumors. For gender,
the frequencies of IDH mutation were higher in
frontal tumors and lower in midline tumors of
male patients. Among the female patients,
there was no statistical difference in IDH muta-
tion rate between different tumor locations.
There were not any associations between
TERTp mutation and tumor locations in sub-
groups of gliomas classified by age and gender.
Evaluating the cohort according to histological
grade, biomarker-location associations were
mainly identified in grade Il tumors, with frontal
tumors demonstrating higher rate of IDH muta-
tion and TERTp mutation, and midline tumors
showing lower rate of IDH mutation and TERTp
mutation. Results of regression analysis shown
pathology independently associated with IDH-
1/2 mutation (f=-1.483, OR=0.227, 95% CI
0.114-0.453, P<0.001) (Table 2) and status of
IDH-TERTp (IDH™-TERTp™* vs. IDH"“-TERTp*!
=-1.395, OR=0.248, 95% ClI 0.087-0.709,
P=0.009; IDH™“TERTp** & IDH"-TERTp™ vs.
IDHY-TERTp** B=-0.774, OR=0.049, 95% CI
0.213-0.998, P=0.049) (Table 5).
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Discussion

In this study, we found that WHO grade Il and IlI
gliomas located in frontal lobe were preferen-
tially associated with IDH, TERTp and IDH™-
TERTp™", while gliomas in midline were prefer-
entially associated with IDH, TERTp and IDH"*-
TERTp", evenly after adjustment for gender,
age and pathology. It is in concordance with
previous data [6, 15, 18] that frontal lobe was
a preferential location for gliomas harboring
IDH mutation as compared to other cerebral
regions. Chen et al. recently reported that the
glutaminergic neurotransmitter specialization
of human neocortex, especially frontal lobe,
created a metabolic niche favorable for the
development of IDH1 mutant tumors [30]. Their
findings may explain the biological mechanisms
for the preferential distribution of IDH mutated
grades Il and Il gliomas in frontal lobes. Midline
location in this study included corpus callosum,
thalamencephalon, periventricular location, br-
ainstem and thoracic spinal cord. The mencha-
nism of the special distribution of gliomas in
midline without IDH mutation remained undis-
covered. In the subset analysis, association
between IDH mutation and frontal localization
was observed in male patients but not female
patients. Given that the case numbers in the
individual gender subsets of the cohort were
small, further study evaluating the effect of
gender on the regional distribution of IDH muta-
tion in a larger cohort should be conducted.

We found that grades Il and Il gliomas in fron-
tal lobe show high TERTp mutation rate, on the
counterparts, low TERTp mutation rate in mid-
line. To the best of our knowledge, this is the
first study reported it. Dominik et al. had classi-
fied glioblastomas into six subgroups based on
their global DNA methylation patterns [7]. They
suggested there were a specific anatomically-
defined subset of gliomas with H3F3A-K27M
mutation almost exclusively arose from midline
locations, which was consistent with results of
several other researchers’ studies [31, 32]. Our
results of this report suggested that there
might be an anatomically-defined subset of gli-
omas with biological character of IDH"-TERTp"!
in grades Il and lll diffuse gliomas located in
midline. Although the biological mechanism of
the special distribution of gliomas with TERTp
mutation requires further elucidation, our
results shed light on potential anatomical cel-
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lular origins of grades Il and Ill gliomas and
improved further research in this field.

As our previously study showed, TERTp muta-
tion had been recognized as a dismal molecu-
lar marker in prognostic classification of diffuse
gliomas [26]. Killela et al. had identified that
gliomas exhibit IDH™-TERTp™' had a best
prognosis for exhibiting a median over survival
(0S) of 125 months, while gliomas exhibit
TERTp mutation alone with a poorest OS (11.5
months) in their cohort of gliomas [19]. In keep-
ing with this study, Eckel-Passow et al. recently
found that patients with IDH*-TERTp"*and with-
out co-deletion of 1p19q had poor OS than
IDH™-TERTp™ or IDH mutation alone, but bet-
ter OS than TERTp mutation alone, after adjust-
ment for age and grade [22]. Data of this study
may imply neurosurgeons that grades Il and Il
gliomas located in frontal lobe where is more
accessible to surgery would be associated with
different prognostic biomarkers. Moreover, our
results suggest a gloomier prognosis of pa-
tients with grades Il and Il gliomas located in
midline for being barely inaccessible to surgery
and associated with poor prognostic biomark-
ers. So, there would be a more crucial need to
design new therapeutic agents for grades Il
and lll gliomas located in midline.

In conclusion, we have investigated the spatial
distribution of grades Il and Il gliomas with
specially status of IDH, TERTp and IDH-TERTp,
suggested that there are some anatomically-
defined subset of gliomas with special biomark-
ers, enhanced neurosurgeons’ understanding
of grades Il and Il gliomas in specific area of
brain, and would stimulated more researchers
to study in this field.
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Table S1. Details about clinical and molecular data of 225 WHO grade Il and Il gliomas
Gen- Pathol- Loca- Loca- IDH-
Serial Gen- Age Pathol- . . . TERT IDH1/2
der Age g ogy Location tion tion  TERTp P IDH1/2 / TERTp
number der code  ogy code code
code code code code 2 code
1 F 1 28 1 oll 1 Right Frontal 1 R muta- 1 R132H 1 1
tion
2 M 0 34 1 OAIl 1 Left Parietal- 2 L muta- 1 R132H 1 1
occipital tion
3 F 1 40 1 OAll 1 Right Temporal 2 R muta- 1 R132H 1 1
tion
4 F 1 40 1 OAIl 1 Left Frontal 1 L muta- 1 R132H 1 1
tion
5 M 0 47 2 ol 1 Left Frontal 1 L muta- 1 R132H 1 1
tion
6 M 0 41 2 OAll 1 Right Frontotem- 2 R muta- 1 R132H 1 1
poral-insular tion
7 M 0 27 1 OAIl 1 Left Frontal 1 L muta- 1 R132H 1 1
tion
8 F 1 44 2 OAIl 1 Right Temporal 2 R muta- 1 R132H 1 1
tion
9 M 0 35 1 OAIl 1 Left Frontal 1 L muta- 1 R132H 1 1
tion
10 M 0 23 1 All 1 Right Frontal 1 R muta- 1 R172K 1 1
tion
11 F 1 30 1 OAll 1 Left Frontotem- 2 L muta- 1 R172K 1 1
poral tion
12 M 0 38 1 oll 1 Right Temporal 2 R muta- 1 R132H 1 1
tion
13 M 0 66 2 All 1 Right Frontal 1 R muta- 1 R132H 1 1
tion
14 M 0 37 1 OAIl 1 Left Parietal 2 L muta- 1 R132H 1 1
tion
15 M 0 32 1 All 1 Left Insula 2 L muta- 1 R132H 1 1
tion
16 M 0 55 2 AAIll 2 Left Temporal 2 L muta- 1 R132H 1 1
tion
17 M 0 48 2 oll 1 Right Frontal 1 R muta- 1 R132H 1 1
tion
18 M 0 45 2 OAIl 1 Right Frontal 1 R muta- 1 R132H 1 1
tion
19 F 1 54 2 All 1 Left Frontal 1 L muta- 1 R132H 1 1
tion
20 F 1 40 1 All 1 Left Temporal 2 L muta- 1 R132H 1 1
tion
21 F 1 35 1 OAll 1 Left Parietal 2 L muta- 1 R132H 1 1
tion
22 M 0 50 2 oll 1 Bilateral Frontal 1 B muta- 1 R132H 1 1
tion
23 F 1 43 2 oll 1 Right Frontal 1 R muta- 1 R132H 1 1
tion
24 M 0 65 2 ol 1 Bilateral Frontal 1 B muta- 1 R132H 1 1
tion
25 F 1 58 2 AOlIl 2 Bilateral Frontal 1 B muta- 1 R132H 1 1
tion
26 M 0 60 2 A0l 2 Left Frontal 1 L muta- 1 R132H 1 1
tion
27 F 1 43 2 oll 1 Right Frontal 1 R muta- 1 R132H 1 1
tion
28 M 0 45 2 OAIl 1 Left temporal- 2 L muta- 1 R132H 1 1
insular tion
29 F 1 51 2 OAIl 1 Left Frontal 1 L muta- 1 R132H 1 1
tion
30 M 0 37 1 All 1 Left Temporal 2 L wild 0 R132H 1 2
type
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95 M 0 31 1 All 1 Left Temporal 2 L wild 0 R132H
type

96 M 0 29 1 All 1 Left Insula 2 L wild 0 R132H
type

97 F 1 60 2 All 1 Left Frontal 1 L wild 0 R132H
type

98 M 0 42 2 All 1 Right Parietal 2 R wild 0 R132H
type

99 M 0 46 2 All 1 Left Frontotem- 2 L wild 0 R132H
poral type

100 M 0 31 1 All 1 Right Temporal 2 R wild 0 R132H
type

101 M 0 46 2 All 1 Left Frontal 1 L wild 0 R132H
type

102 F 1 34 1 OAll 1 Left Frontal 1 L wild 0 R132H
type

103 M 0 68 2 All 1 Left Frontal 1 L wild 0 R132H
type

104 F 1 45 2 AAlIl 2 Left Temporal 2 L wild 0 R132H
type

105 M 0 49 2 AAIlI 2 Right lateral ven- 3 X wild 0 R132H
tricle trigonal type

106 F 1 48 2 AAIlI 2 Right Frontopa- 2 R wild 0 R132H
rietal type

107 M 0 51 2 AAIl 2 Left Frontal 1 L wild 0 R132H
type

108 M 0 41 2 AAIlI 2 Left Frontal 1 L wild 0 R132H
type

109 M 0 39 1 AAIlI 2 Right Frontal 1 R wild 0 R132H
type

110 M 0 31 1 AAIlI 2 Left Frontotempo- 2 L wild 0 R132H
ral-insular type

111 F 1 42 2 OAll 1 Left Frontal 1 L wild 0 R132H
type

112 F 1 31 1 All 1 Left Frontal 1 L wild 0 R132H
type

113 M 0 40 1 AAIlI 2 Bilateral Frontal 1 B wild 0 R132H
type

114 M 0 43 2 OAll 1 Right Frontal 1 R wild 0 R132H
type

115 M 0 39 1 OAll 1 Left Temporal 2 L wild 0 R132H
type

116 M 0 38 1 All 1 Left Parietal 2 L wild 0 R132H
type

117 M 0 28 1 All 1 Left Frontal 1 L wild 0 R132H
type

118 F 1 50 2 All 1 Right Parietal 2 R wild 0 R132H
type

119 F 1 49 2 All 1 Left Temporal 2 L wild 0 R132H
type

120 F 1 33 1 All 1 Right Insular 2 R wild 0 R132H
type

121 M 0 38 1 All 1 Left Temporal 2 L wild 0 R132H
type

122 F 1 31 1 All 1 Left Frontal 1 L wild 0 R132H
type

123 M 0 36 1 All 1 Right Frontal 1 R wild 0 R132H
type

124 F 1 34 1 AAIlI 2 Frontal and Cor- 2 X wild 0 R132H
pus collosum type

125 M 0 31 1 AAlll 2 Brainstem 3 X wild 0 R132H
type

126 F 1 46 2 AAIlI 2 Left Frontal 1 L wild 0 R132H
type
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127 F 1 46 2 All 1 Left Parietal 2 L wild 0 R132H
type
128 F 1 35 1 AAIlI 2 Left Frontotem- 2 L wild 0 R132H
poral type
129 M 0 37 1 AAIll 2 Left Parietal 2 L wild 0 R132H
type
130 M 0 38 1 All 1 Right Temporal 2 R wild 0 R132H
type
131 M 0 60 2 AAlll 2 Corpus callosum 2 X wild 0 R132H
type
132 M 0 38 1 All 1 Right Frontal 1 R wild 0 R132H
type
133 M 0 35 1 All 1 Left Temporal 2 L wild 0 R132H
type
134 M 0 32 1 All 1 Left Frontotempo- 2 L wild 0 R132H
ral-insular type
135 M 0 39 1 All 1 Right Frontal 1 R wild 0 R132H
type
136 M 0 42 2 OAll 1 Left Parietal and 2 L wild 0 R132H
Cental sulcus type
137 M 0 29 1 All 1 Left Temporal 2 L wild 0 R132H
type
138 F 1 24 1 All 1 Bilateral Frontal 1 B wild 0 R132H
type
139 M 0 46 2 All 1 Bilateral Frontal 1 B wild 0 R132H
type
140 F 1 39 1 All 1 Left Temporal 2 L wild 0 R132H
type
141 M 0 27 1 AAIlI 2 Right Frontal 1 R wild 0 R132H
type
142 F 1 36 1 All 1 Right Parietal 2 R wild 0 R132H
type
143 M 0 39 1 All 1 Right Temporal 2 R wild 0 R132H
type
144 F 1 34 1 All 1 Left Frontal 1 L wild 0 R132H
type
145 F 1 33 1 OAll 1 Right Parietal- 2 R wild 0 R132H
occipital type
146 F 1 30 1 OAll 1 Left Frontoparietal 2 L wild 0 R132H
type
147 M 0 35 1 All 1 Left Temporal 2 L wild 0 R132H
type
148 M 0 33 1 oll 1 Left Parietal 2 L wild 0 R132H
type
149 F 1 46 2 AOAIII 2 Right Frontal 1 R wild 0 R132H
type
150 M 0 36 1 OAll 1 Left Frontal- 2 L wild 0 R132H
insular type
151 M 0 32 1 OAll 1 Left Temporal 2 L wild 0 R132H
type
152 F 1 61 2 OAll 1 Right Frontal 1 R wild 0 R132H
type
153 F 1 a7 2 All 1 Left Frontal 1 L wild 0 R132H
type
154 F 1 25 1 OAll 1 Left Frontal 1 L wild 0 wild
type type
155 M 0 24 1 All 1 Left Parietal 2 L wild 0 wild
type type
156 F 1 40 1 OAll 1 Right Occipital 2 R wild 0 wild
type type
157 F 1 28 1 All 1 Left Cerebellum 2 L wild 0 wild
type type
158 F 1 21 1 All 1 Right Thalamus 3 X wild 0 wild
type type



TERTp and IDH in grade Il and Il gliomas

159 F 1 25 1 OAll 1 Right lateral ven- 3 X wild 0 wild
tricle trigonal type type
160 M 0 22 1 All 1 Right Temporal 2 R wild 0 wild
type type
161 M 0 23 1 All 1 Right Temporal 2 R wild 0 wild
type type
162 M 0 35 1 All 1 Left Parietal 2 L wild 0 wild
type type
163 F 1 41 2 All 1 Left Parietal 2 L wild 0 wild
type type
164 F 1 29 1 All 1 Left Parietal 2 L wild 0 wild
type type
165 M 0 52 2 AAIlI 2 Right Temporal 2 R wild 0 wild
type type
166 M 0 26 1 AAlll 2 Bilateral Frontal 2 B wild 0 wild
and Corpus Cal- type type
losum

167 M 0 38 1 AAIlI 2 Right lateral ven- 3 X wild 0 wild
tricle trigonal type type
168 M 0 53 2 All 1 Left Frontotem- 2 L wild 0 wild
poral type type
169 F 1 63 2 AAIlI 2 Right Tempopa- 2 R wild 0 wild
rietal type type
170 M 0 65 2 AAINI 2 Left Parietal 2 L wild 0 wild
type type
171 M 0 45 2 AAIlI 2 Left Frontal 1 L wild 0 wild
type type
172 M 0 34 1 AAIlI 2 Left Frontal 1 L wild 0 wild
type type
173 F 1 44 2 AAIlI 2 Left Frontal 1 L wild 0 wild
type type
174 M 0 50 2 AAlll 2 Left Frontotem- 2 L wild 0 wild
poral type type
175 M 0 58 2 AAIlI 2 Right Frontotem- 2 R wild 0 wild
poral-insular type type
176 M 0 38 1 AAIlI 2 Thoracic code 3 X wild 0 wild
T6-8 type type
177 F 1 43 2 AAIlI 2 Right Occipital 2 R wild 0 wild
type type
178 M 0 34 1 All 1 Right Occipital 2 R wild 0 wild
type type
179 F 1 51 2 All 1 Corpus callosum 2 X wild 0 wild
type type
180 M 0 48 2 AAIlI 2 Right Cerebellum 2 R wild 0 wild
type type
181 M 0 51 2 AAIlI 2 Right Basal 3 X wild 0 wild
ganglion type type
182 F 1 34 1 AAIlI 2 Left Frontal 1 L wild 0 wild
type type
183 M 0 27 1 AAIlI 2 Brainstem 3 X wild 0 wild
type type
184 M 0 33 1 All 1 Intraventricular 3 X wild 0 wild
type type
185 M 0 40 1 All 1 Right Temporal 2 R wild 0 wild
type type
186 M 0 14 1 All 1 Right Temporal 2 R wild 0 wild
type type
187 M 0 45 2 All 1 Right Temporal 2 R wild 0 wild
type type
188 M 0 48 2 All 1 Left Thalamus, 3 X wild 0 wild
Basal ganglion type type

and midbrain
189 F 1 46 2 All 1 Left Parietal 2 L wild 0 wild
type type
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TERTp and IDH in grade Il and Ill gliomas
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TERTp and IDH in grade Il and Il gliomas

222 M 0 28 1 AAIlI 2 Right Temporal- 2 R ND ND wild 0 ND

occipital and Left type
Occipital

223 F 1 62.5 2 AAIll 2 Left Temporal 2 L ND ND wild 0 ND
type

224 F 1 58 2 All 1 Bilateral Frontal 2 B ND ND wild 0 ND
and Right Tem- type

poral

225 F 1 38 1 Aol 2 Left Frontal 1 L ND ND wild 0 ND

type

Abbreviations: Gender: F=female; M=male; Gender code: 1=F, 0=M; Age code: 1=younger than or qual to 40 years old, 2=older than 40 years old; Pathology: All=astrocytoma
WHO Grade II, OAll=oligoastrocytoma WHO Grade II, Oll=oligodendroglioma WHO Grade II, AAlll=anaplastic astrocytoma WHO Grade Ill, AOAlll=anaplastic oligoastrocytoma
WHO Grade I, AOlll=anaplastic oligodendroglioma WHO Grade III; Pathology code: 1=WHO Grade Il, 2=WHO Grade III; Location code: 1=Frontal, 2=Others, 3=Midline; Loca-
tion code 2: B=Bilateral, L=Left, R=Right, X=not determine; TERTp code: 1=mutation, O=wild type; IDH1/2 code: 1=mutation, O=wild type; IDH-TERTp code: 1=IDH™-TERTp™*,
2=IDH™-TERTp" and IDH"-TERTp™", 3=IDH"-TERTp*; ND=not detect.



