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Background and Objective: Genetic alterations, including /DH, BRAF, and TERT pro-
moter mutations (/DH-mu, BRAF-mu, TERTp-mu, respectively), 1p/19q co-deletion (1p/19g-
codel), and MGMT promoter methylation (MGMTp-M), are correlated with glioma tumor
development. Therefore, these genetic alterations could serve as biomarkers for the diag-
nosis, prognosis, and classification of gliomas, combined with the immunohistochemical
markers Ki-67 and p53. However, the correlation between these alterations and the expres-
sion of Ki-67 and p53 is poorly understood.

Methods: We analyzed the prevalence and prognosis of these five alterations, as well as Ki-
67 and p53 expression, in 103 primary grade II-IV gliomas via fluorescence qPCR, Sanger
sequencing, fluorescence in situ hybridization, and immunohistochemistry.

Results: In the 103 cases, MGMTp-M was the most common alteration (70.9%), followed
by TERTp-mu (58.3%), IDH-mu (46.6%), 1p/19q-codel (34.0%), and BRAF-mu (5.8%). No
cases showed quintuple-positive alterations, but 26 cases (25.2%) showed quadruple-positive
alterations (IDH-mu/TERTp-mu/MGMTp-M/1p/19g-codel). The percentage of TERTp-mu
and 1p/19g-codel cases decreased with pS3 expression, and the percentage of /DH-mu and
1p/19g-codel cases decreased with Ki-67 expression. /IDH-mu, MGMTp-M, and 1p/19q-
codel were positive factors for survival rates in glioma patients, while TERTp-mu, p53,
and Ki-67 positivity were negative factors. Old age, histological grade IV, IDH-mu, 1p/19g-
codel, Ki-67+, and p53+/Ki-67+ were significantly correlated with overall survival (OS).
However, only p53+/Ki-67+ was an independent prognostic factor for OS in the multivariate
Cox-model analysis.

Conclusion: /DH-mu only and quadruple-positivity were associated with good OS in
glioma patients, while TERTp-mu only, TERTp-mu/MGMTp-M and p53+/Ki-67+ were
associated with poor prognosis. Combining these genomic alterations and Ki-67/p53 expres-
sion should have clinical value in gliomas.

Keywords: human glioma, biomarker, correlation analysis, genetic alteration, survival rate

Introduction

Diffuse gliomas are the most common form of primary malignant brain tumor and
affect adults worldwide." Gliomas can be categorized as astrocytomas, oligoden-
drogliomas, and ependymomas and are graded II-IV according to the World Health
Organization (WHO) classification, with the deadliest form being glioblastoma
(GBM).” The histopathological classification of diffuse gliomas is influenced by
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interobserver variation arising from morphological classi-
fication, which can result in inconsistent histological grad-
ing and typing.> To address this challenge, molecular
markers are increasingly being developed and employed
to guide the diagnosis and clinical management of
gliomas.

Ki-67 and p53 are two well-studied molecules in
human cancer. Ki-67 is a marker of cell division and
a reliable indicator of tumor cell proliferation that is asso-
ciated with the histological grade of gliomas. Although
there is disagreement regarding the role of Ki-67 as
a prognostic marker, many studies have revealed that it
predicts poor prognosis in glioma patients.* Although
altered expression of the p53 gene is not necessarily cor-
related with survival, immunohistochemical expression of
p53 is a possible prognostic biomarker in glioma patients.’

Besides these traditional immunohistochemical mar-
kers, markers based on genomic variation have been
developed to facilitate the diagnosis and prognosis of
gliomas. Specifically, point mutations in isocitrate dehy-
drogenase genes (/DH-mu), mutations in the promoter
region of the telomerase reverse transcriptase gene
(TERTp-mu), and co-deletion of chromosome arms Ip
and 19q (1p/19g-codel) can be used to classify gliomas
into five principal groups according to age, survival, and
associated genomic alterations.® Although it is unclear
how these mutations contribute to tumor development,
IDH-mu and 1p/19g-codel are used to define oligodendro-
glioma (O), which is characterized by high interobserver
discordance.” Like IDH-mu, TERTp-mu is frequently
observed in gliomas — especially primary GBM tumors —
but is less frequent in low grade astrocytoma (A) tumors.®
As a result, TERTp-mu and IDH-mu are used in clinical
settings and facilitate the identification of about 80% of
GBMs from other tumor types.**’ Methylguanine-DNA
methyltransferase promoter methylation (MGMTp-M) has
also been explored to stratify malignant gliomas into sub-
groups and is used as a prognostic marker for overall
survival (OS) and a predictive factor for chemotherapy in
GBM patients.'® The V600 mutation in the v-raf murine
sarcoma oncogene homologue Bl (BRAF-mu) is not com-
mon in adult gliomas but frequently appears in low-grade
pediatric gliomas and is highly variable across patient
groups.'' Given these confusing features, further research
is needed to elucidate the clinical value of the BRAF
mutation.

To date, not many studies have investigated the relation-
ships among the various glioma markers. Though some

studies have analyzed the correlation among 1p/19q, IDH,
TERTp, MGMTp, and BRAF alterations in

years,>®>!! there are still some controversial. Moreover,

recent

few studies discussed the combination of these alterations
with the expression of p53 and Ki-67 in glioma tumors. To
address this research gap, we investigated the prevalence of
MGMTp-M, BRAF-mu, IDH-mu, TERTp-mu, 1p/19g-codel,
and immunohistochemical expression of p53 and Ki-67 in
103 patients with grades II-IV primary gliomas. We ana-
lyzed the relationships of these molecular markers with
clinicopathological characteristics and survival. We also
analyzed the clinical significance of combining these mar-
kers in predicting the survival of glioma patients. The pre-
sent study will contribute to an increased understanding of
the molecular background of tumor types and support histo-
logical classification and prognosis of gliomas based on

these markers.

Methods

Patients and Specimens

A total of 103 primary glioma samples were collected
from 103 patients diagnosed with primary diffuse gliomas
(grade II-1V) at the Affiliated Hospital of Southwest
Medical University (Luzhou, China) between June 2017
and June 2020 (Supplementary Table 1). All patients were

chemotherapy-free and targeted drug-naive at the time of
surgery. All patient data in this manuscript were coded and
utilized anonymously. This study was conducted in accor-
dance with the Declaration of Helsinki and was approved
by the Institutional Research Ethics Committee of the First
Affiliated Hospital of Southwest Medical University,
China. Written informed consent was obtained from all
patients prior to the study.

Glioma samples were formalin-fixed and paraffin-
embedded (FFPE), sectioned into 4 pm thick slices, and
then permanently fixed on microscope slides. After hema-
toxylin and eosin (H&E) staining, the slides were
reviewed by two pathologists and classified according to
the WHO 2016 recommendation.

DNA Extraction

Genomic DNA was extracted from 6 um thick sections of
FFPE tumor tissue using the DNA extraction kit for par-
affin embedded tissues (DP331) (Tiangen, Beijing, China)
according to the manufacturer’s protocol. DNA concentra-
tion and quality were measured using a Nano-Drop ND-

8756 "

Dove!

Cancer Management and Research 2021:13


https://www.dovepress.com/get_supplementary_file.php?f=336213.pdf
https://www.dovepress.com
https://www.dovepress.com

Dove

Yang et al

1000  spectrophotometer
Houston, USA).

(NanoDrop  Technologies,

IDHI, IDH2, and TERTp Mutations
Mutations in /DHI (R132H), IDH2 (R172K), and TERTp
(C228T and C250T) were determined by PCR and Sanger
sequencing using detection kits (SinoMD Gene Testing
Technology Co., Ltd, Beijing, China) with positive and
negative controls. Sequences covering mutational hotspots
in the IDHI, IDH2, and TERT core promoters were ampli-
fied by fluorescence qPCR. Assessments of /DHI (R132),
IDH?2 (R172), and TERTp mutations were conducted using
the following primer sets: IDHI-F: 5'-CTCCT GATGA
GAAGA GGGTT G-3', R: 5-TGGAA ATTTC TGGGC
CATG-3'; IDH2-F: 5'-TGGAA CTATC CGGAA CATCC-
3', R: 5-AGTCT GTGGC CTTGT ACTGC; TERTp-F: 5'-
GGCCG ATTCG ACCTC TCT, R: 5-AGCAC CTCGC
GGTAG TGG. PCR was performed in a total volume of 25
pL comprising 2 pL. DNA in solution (10-50 ng/mL), 12.5
uL IDHI, IDH2, or TERTp PCR reaction mix, 4.5 pL
primers (0.25 nM each), and 6 pL ddH,O. Amplification
was performed using a LightCycler480 II instrument
(Roche) with an initial denaturing step at 95°C for 3 min
followed by 40—45 cycles of denaturation at 94°C for 15 s,
annealing at 60°C for 45 s, and a final extension at 60°C
for 5 min. PCR products were treated with SAP enzyme in
a product: enzyme volume ratio of 5:2 at 37°C for 60 min,
followed by 80°C for 15 min. After purification, products
were subjected to direct sequencing on an ABI 3500
sequencer.

MGMT Promoter Methylation

A total of 1000 ng DNA were subjected to bisulfite treat-
ment using a DNA bisulfite transformation kit (Tiangen,
DP215). Methylation of MGMTp was determined using
a detection kit (SinoMD Gene Testing Technology Co.,
Ltd, Beijing, China) with positive and negative controls.
Primers for PCR amplification of the MGMT promoter
region were as follows: methylated-F: 5-GCGTT
TCGAC GTTCG TAGGT-3', R: 5-CACTC TTCCG
AAAAC GAAAC G-3'; unmethylated-F: 5'-TGTGT
TTTCG ATATG TTGGG ATAGT-3', R: 5-AACTC
CACAC TCTTC CAAAA ACAA-3'. PCR was performed
in a total volume of 25 puL. comprising 2 ul. sample or
reference DNA in solution, 12.5 pL. MGMT PCR reaction
mix, 5.5 pL primers (0.25 nM each), and 5 pL. ddH,O. The
PCR conditions were as follows: a denaturing step at 95°C
for 3 min, 45 cycles of denaturation at 94°C for 15 s,

annealing at 60°C for 45 s, and a final extension at 60°C
for 5 min. The Ct values of sample DNA amplification
(Cts) and reference DNA amplification (Ctr) were
recorded. When Ctr < 35 and Cts < 40, a result with Cts
— Ctr < 11 was defined as positive and Cts — Ctr > 11 as
negative; when Ctr < 35 but Cts > 40, the result was
defined as negative; when Ctr > 35, the result was
regarded meaningless.

BRAF V600E Mutation

Mutations in BRAF V600E were detected using the BRAF
V600E (AmoyDx
Biotechnology Co., Xiamen,

detection kit
Ltd, 8.0120301X024,
China) with positive and negative controls. Samples were

fluorescence

amplified in a 50 pL volume in 96-well plates in duplicate.
PCR amplification comprised 45 pL. PCR reaction mix, 0.4
pL Taq enzymes, and 4.6 pL DNA (1-10 ng).
A LightCycler480 II instrument (Roche) was used to
carry out PCR as follows: 95°C for 5 min; 15 cycles of
95°C for 20 s, 64°C for 20 s, and 72°C for 20 s; 30 cycles
of 93°C for 25 s, 60°C for 35 s, and 72°C for 20 s; and
finally 72°C for 5 min. The Ct values of sample DNA
amplification (Cts) and reference DNA amplification (Ctr)
were recorded. When Ctr was between 13 and 21, a result
with Cts < 30 was defined as positive, while Cts >30 was
defined as negative; when Ctr > 21, the result was
regarded meaningless or that the sample DNA load should
be increased.

Deletion Test of Ip/19q

New 4 pum sections of the representative tumor areas
marked by H&E staining were selected to test the status
of 1p/19q. The sections were deparaffinized with xylene,
rehydrated with 100%, 90%, and 70% ethanol and water
for 5 min each, and then repaired with 1x EDTA in
a steam cooker. After washing and drying, the sections
were subjected to 30 min of pepsin digestion at 37°C.
Paired 1p and 19q probes (AnBiPing Pharmaceutical
Technology Co., Ltd, F.01081, Guangzhou, China) were
added to each slide at a volume of 10 puL and codenatured
with the target DNA at 85°C for 5 min. The slides were
incubated overnight at 37°C in a humidified oven and
subsequently washed for 10 min with 2x SSC. Green and
red fluorescent signals were quantified using an Olympus
BX60 fluorescence microscope with the appropriate filters.
For each slide, a minimum of 100 non-overlapping nuclei
was assessed for the numbers of green and red signals.
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Immunohistochemistry of Ki-67 and p53

To detect Ki-67 and p53 expression, mouse anti-human
monoclonal primary antibodies against Ki-67 and p53
(Maixin Biotechnology Development Co., Ltd, MAB-
0672, 1:1000 and MAB-0674,
Fuzhou, China) were used according to the manufacturer’s

1:1000, respectively,

protocol. Each slide was individually reviewed and scored
by two independent pathologists. The indexes of Ki-67
and p53 were determined as the percentage of immunos-
tained cells per 200 cells in 5 fields. For analysis, p53 was
scored according to Hu et al'’: negative 0, no positive
cells; score 1, weakly positive (<25% positive cells);
score 2, moderately positive (25-50% positive cells); and
score 3, strongly positive (>50% positive cells). Similarly,
we used a 0-3 scoring system for the Ki-67 index: nega-
tive 0, <5% positive cells; score 1, weakly positive (5—
25% positive cells); score 2, moderately positive (25-50%
positive cells); and score 3, strongly positive (>50% posi-
tive cells). Controls without the primary antibody and
positive control tissues were included in all experiments
to ensure quality staining.

Statistical Analysis

The chi-square test or two-tailed Fisher’s exact test was
used for statistical analyses of categorical variables, such
as genetic alterations, immune expression, and clinico-
pathological features. A p-value < 0.05 was considered
statistically significant. OS was defined as the first day of
surgery until death or the end of follow-up. Survival dif-
ferences among groups were calculated using the Kaplan—
Meier method with the Log rank test. We used the Cox
proportional hazards model for univariate and multivariate
OS analyses. SPSS software version 19.0 (IBM Armonk,
NY, USA) was used for all statistical analyses.

Results

Clinicopathologic Characteristics

A total of 103 patients were included in this study, com-
prising 45 men (46.7%) and 58 women (56.3%) with
a mean age of 48.5 + 11.3 years (range 17-74 years)
and 48.0 = 14.8 years (range 16-83 years), respectively.
There were 84 patients (81.6%) younger than 60 and only
19 patients (18.4%) older than 60. Histological classifica-
tions were done according to the 2016 revised criteria of
the World Health Organization (WHO) as follows: 17
diffuse A (16.5%) cases, 19 anaplastic astrocytoma
(AA) (18.4%) cases, 18 O (17.5%) cases, 12 anaplastic

oligodendroglioma (AO) (11.7%) cases, 1 oligoastrocy-
toma (OA) (1.0%) cases, and 36 GBM (35.0%) cases.
Categorization by WHO histological grade at diagnosis
yielded 35 grade II cases (34.0%), 32 grade III cases
(31.1%), and 36 grade IV cases (35.0%).

Characteristics of IDH, BRAF, and TERTp
Mutations, MGMTp Methylation, and |p/

199 Codeletion in Gliomas

A total of 45 and 3 mutations (Table 1) were observed that
produced R132H of the /IDHI gene and R172K of the
IDH?2 gene, respectively, in gliomas. However, no tumors
were observed with mutations in both /DHI and IDH2.
The frequencies of MGMTp-M, BRAF-mu, and 1p/19q-
codel, but not TERTp-mu, in IDH-mu cases were higher
than those in /DH-wt cases. Unlike TERTp-mu, IDH-mu,
MGMTp-M, BRAF-mu, and 1p/19g-codel mutations were
identified with a higher frequency in grade II-1III cases and
a lower frequency in grade IV cases. Among the 103
cases, 5 (4.9%) showed apparent 1p deletion only, 4
(3.9%) showed apparent 19q deletion only, while 35
(34.0%) showed apparent 1p/19g-codel.

Of the 103 grade II-IV gliomas, there were no cases
of quintuple-positive alterations (IDH-mu/BRAF-mu
/TERTp-mu/MGMTp-M/1p/19q-codel). Meanwhile, 26
(25.2%), 3 (2.9%), 2 (1.9%), 1 (1.0%), and 12 (11.7%)
cases showed IDH-mu/TERTp-mu/MGMTp-M/1p/19q-
codel  quadruple-positive TERTp-mu
IMGMTp-M/1p/19g-codel  triple-positive  alterations,
IDH-mu/MGMTp-M/1p/19q-codel triple-positive altera-
tions, IDH-mu/TERTp-mu/l1p/19q-codel triple-positive
and IDH-mu/MGMTp-M double-positive
alterations, respectively.

alterations,

alterations,

Characteristics of p53 and Ki-67

Expression in Gliomas

The immunoreactivity of Ki-67, but not p53, significantly
increased with increased glioma grade (P < 0.001,
Table 2). The percentage of TERTp-mu and 1p/19qg-codel
cases decreased with p53 immunoreactivity, while the
frequencies of IDH-mu, MGMTp-M, and BRAF-mu cases
were unrelated to p53 immunoreactivity. Comparatively,
the percentage of IDH-mu and 1p/19g-codel cases
decreased with Ki-67 immunoreactivity, whereas the per-
centages of MGMTp-M, TERTp-mu, and BRAF-mu cases
showed no correlation to Ki-67 immunoreactivity.
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. £ Relationship Between IDH-mu,
H _ s f TERTp-mu, MGMTp-M, 1p/19g-codel, and
- £ p53 and Ki-67 Expression with Survival
2 4
$ % _ | &g Rate
— % g Kaplan—Meier analysis showed that older patients (>60)
g % 8 = ;; and higher histological grade tumors had poorer OS
f b A -~ 2% (Figure 1A and B). For the molecular groups, patients
= e_ | 3 g j_ with /IDH-mu and 1p/19q-codel had significantly increased
=3« - - %: OS compared with /DH and 1p/19q wild-type patients
1z 'E 5 (Figure 1D and F); OS was comparable between
=3 |« - - %g MGMTp-M and MGMTp-UM patients (median 18.0 vs
% - g %i 17.5 months) and between TERTp-mu and TERTp-wt
= S E%g patients (median 17.0 vs 27.0 months) (Figure 1C and
_ g ;‘:% E). For p53, OS was lower in p53 positive patients than
< é g g *“t: E in negative patients; but for Ki-67, OS was not signifi-
g 3 ~ 29 g '—§§ cantly different between Ki-67 positive patients and nega-
& s a2 fg £ tive patients (Figure 1G and H).
g B ez §<Zt§ Univariate analysis using the Cox regression model
. . %?:,g showed that old age, high histological grade, /DH-mu,
3 § ‘E 3 1p/19g-codel, and positive Ki-67 immunostaining were
b Y Tg ;%“ g significantly correlated with OS (Table 3). We combined
) 23 = E H the two factors of p53 and Ki-67 in the univariate analysis
€l |a| T= ;g; g and found that double positivity of p53 and Ki-67 (p53
'§ s <= g; § f § +/Ki-67+) was significantly correlated with OS. However,
" z g % § g 5 i:@: in the multivariate Cox-model analysis, none of the factors
- - - § % g 5 mentioned above except p53+/Ki-67+ was an independent
% % Vg ;T';‘E g prognostic factor for OS.
_ 2| 3|fEsd Prognostic Impact Analysis of Molecular
< 5 |a| <= Z:gggf Subgroups Stratified by MGMT Promoter
§ g =8 2% g%z Methylation, IDH Mutation, TERT
= || m=e|355% Promoter Mutation, |p/19q Codeletion,
f i s5ut Ki-67, and p53 Expression, and Their
: § ;E‘—E;ﬁ" Combination )
9 == § £S5 In the combined analysis, quadruple positive (MGMTp-M/
s |2 '% '; _Vgé H g IDH-mu/TERTp-mu/1p/19g-codel) and Ki-67-/p53+ mole-
£ _«E g" g % cular groups showed the best prognosis for OS in the total
N e3|52:8 103 glioma cases (Figure 2A-C), while TERTp-mu only
3 SE|- il g g ; ; and Ki-67+/p53+ groups showed the worst OS. In grade
. . ) 2§ § s ch} II-III gliomas, Ki-67+/p53+ accounted for 52.2% of total
g 32 g §§ 2; E‘éi cases. In contrast, in grade IV gliomas, Ki-67+/p53+
g § % -q% ?{ accounted for 86.1% of total cases, while the remaining
@ a3 :_é E» §°§ 13.9% of cases were Ki-67+/p53— group. Patients with Ki-
P "i v é ; §o§ § g 67+/p53+ gliomas showed the worst survival rates in both
% $126 8 § £ 5 3 grade II-1II and IV gliomas (Figure 2E and H); OS of the
F _ 2235 TERTp-mu only, MGMTp-M/TERTp-mu and quadruple
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Table 2 Ki-67 and p53 Immunoreactivity in 103 Human Gliomas
p53 Cases, n (%) Ki-67 Cases, n (%)
Score 0 Score | Score 2 Score 3 p value | Score 0 Score | Score 2 Score 3 | p value

Grade 0.101 <0.001%*
111, n=67 20 (29.9) | 33(49.3) | 9(134) 5(7.5) 19 (28.4) | 46 (68.7) | 2 (3.0) 0 (0.0)
IV, n=36 5(13.9) 16 (44.4) | 9 (25.0) 6 (16.7) 0 (0.0) 14 (38.9) | 20 (55.6) | 2 (5.6)

IDH 0516 0.003**
Mu, n=48 13 (27.1) | 21 (43.8) | 7 (14.6) 7 (14.6) 13 (27.1) | 31 (64.6) | 4 (8.3) 0 (0.0)
Wt, n=55 12 (21.8) | 28 (50.9) 11 (20.0) | 4 (7.3) 6 (10.9) 29 (42.7) 18 32.7) | 2 (3.6)

MGMTp 0.200 0.572
M, n=73 19 (26.0) | 37 (50.7) | 9 (12.3) 8 (11.0) 15 (20.5) | 42 (57.5) 14 (19.2) | 2(27)
UM, n=30 6 (20.0) 12 (40.0) | 9 (30.0) 3 (10.0) 4 (133) 18 (60.0) | 8(26.7) 0 (0.0

TERTp 0.003** 0.211
Mu, n=60 16 (26.7) | 35(583) | 7 (I11.7) 2 (3.3) 9 (15.0) 33 (55.0) 17 (28.3) 1 (1.7)
Wt, n=43 9 (20.9) 14 (32.6) Il (25.6) | 9(20.9) 10 (23.3) | 27 (62.8) | 5 (11.6) 1 (2.3)

BRAF 0.671 0.230
Mu, n=6 2 (33.3) 3 (50.0) 0 (0.0) 1 (16.7) 3 (50.0) 2 (33.3) I (16.7) 0 (0.0)
Wt, n=97 23 (23.7) | 46 (47.4) 18 (18.6) 10 (10.3) 16 (16.5) | 58(59.8) | 21 (21.6) | 2 (2.1)

1p/19q 0.001** 0.011*
Codel, n=35 12 (34.3) | 22 (62.9) | 0(0.0) 1 (2.9) 9 (25.7) 24 (68.6) 1 (2.9) I (2.9)
Others, n=68 | 13 (19.1) | 27 (39.7) 18 (26.5) 10 (14.7) 10 (14.7) | 36 (52.9) | 21 (30.9) 1 (1.5)

Notes: Significance analysis was two-tailed, and p<0.05 was considered statistically significant. * at p<0.05 level, ** at p<0.01 level.
Abbreviations: IDH, isocitrate dehydrogenase; TERTp, telomerase reverse transcriptase promoter; MGMTp, O6-methylguanine-DNA methyltransferase promoter; 1p/19q,

chromosome arms |p and 19q; BRAF, v-raf murine sarcoma oncogene homologue Bl

negative (MGMTp-UM/IDH-wt/TERTp-wt/1p/19g-wt)
groups was worse than that of the other groups
(Figure 2C, F and I). Quadruple positive status was asso-
ciated with a good OS no matter the Ki-67 or p53 status in
grade II-III gliomas (Figure 2D). However, the quadruple
positive group was absent in grade IV gliomas
(Figure 2G), while /DH-mu was only was associated
with a good prognosis for OS in both grade II-III and IV
gliomas (Figure 2D and G). Out of the 36 grade IV
gliomas, only four were /DH-mu (11.1%), thus failing to

change the poor prognosis of GBMs.

Discussion

The present study investigated whether combined analysis
of genetic alterations in /DH, BRAF, TERTp, MGMTp, and
1p/19q along with expression changes in p53 and Ki-67
protein is associated with the biological behaviors of glio-
mas. The results demonstrated significant associations of
IDH-mu, BRAF-mu, TERTp-mu, MGMT-M, 1p/19g-codel,
and p53 and Ki-67 expression with the survival rate of

glioma patients.

; Mu, mutation; Wt, wild-type; M, methylation; UM, unmethylation; Codel, codeletion.

Previous studies have reported that genetic alterations
in IDH, BRAF, TERTp, MGMTp, and 1p/19q are asso-
ciated with histological classification of gliomas.®'%!
IDH-mu is present in 50-80% of WHO grade II-I1I glio-
mas and secondary GBM but is rare in primary GBM."?
Consistent with the reports of these studies, the present
study identified 41 IDHI-mu and 3 IDH2-mu cases in 67
grade II-III gliomas, but only 4 /DHI-mu cases in 36
primary GBMs. No cases showed concurrent /DH/-mu
and IDH2-mu, which could be because the two mutations
are mutually exclusive.'® In contrast, we observed a high
frequency of TERTp-mu and MGMTp-M in both grade 11—
IIT and IV gliomas, especially oligodendroglial gliomas, in
accordance with previous reports. These findings suggest
that TERTp mutation and MGMT methylation are typical
molecular characteristics of these tumors.'>™'® Concurrent
loss of 1p/19q and IDH-mu has been used to define
O tumors and resolve unclear diagnoses due to high inter-
observer discordance.”'® The present study demonstrated
that 1p/19g-codel is highly concentrated in oligodendro-
cyte-derived gliomas and strongly associated with /DH-mu
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Figure | Prognostic values of patient age, histological grade, MGMT promoter methylation, IDH mutation, TERT promoter mutation, |p/19q codeletion, and Ki-67 and p53

expressions by Kaplan—-Meier Estimates of Overall Survival in 103 gliomas.

Notes: Older age (>60 years) (A), higher histological grade (B), and overexpression Ki-67 (G) and p53 (H) predicted worse survival rates in glioma patients, while MGMT
promoter methylation (MGMTp-M) (C), IDH mutation (IDH-mu) (D), TERT promoter mutation (TERTp-mu) (E), and 1p/19q codeletion (1p/19q-codel) (F) predicted better
survival rates. Significance analysis was two-tailed, and p<0.05 was considered statistically significant.

Abbreviations: IDH, isocitrate dehydrogenase;TERTp, telomerase reverse transcriptase promoter; MGMTp, O6é-methylguanine-DNA methyltransferase promoter; 1p/19q-
codel, chromosome arms |p and 19q codeletion; BRAF, v-raf murine sarcoma oncogene homologue Bl; Mu, mutation; Wt, wild-type; M, methylation; UM, unmethylation.

in O tumors. However, 1 AO and 2 O cases were found
with intact 1p/19q and MGMTp-M, confirming that parts
of 1p/19q non-codeleted oligodendroglial gliomas were
not astrocytic.”’ Moreover, some cases showed conflicting
results: two O cases showed IDH-wt/1p/19q-wt, but two
A, three AA, and two GBM cases showed 1p/19g-codel,
suggesting limitations of the existing molecular classifica-
tion system for tumors with complex karyotypes.?'

IDH] mutation is a prognostic indicator of better sur-
vival in patients with diffuse gliomas grade II-IV tumors,
with the exception of recurrent grade IV tumors.”
Similarly, we found that IDH-mu cases showed good
prognosis for OS in both grade II-III and IV tumors,
which was better than most other molecular subgroups.
However, IDH-mu frequently appeared along with TERTp-
mu/MGMTp-M/1p/19g-codel  (54.2%) and MGMTp-M
(25.0%) in IDH mutated cases. Thus, predicting OS
according to /DH mutation only without considering
other alterations may not be very reliable. Although
TERTp-mu gliomas were associated with worse survival
than TERTp-wt gliomas,® patients with TERTp-mu/DH-
mu gliomas showed better survival than patients with one
or none of these two mutations.® In the present study, we
did not predict the survival of the patient with TERTp-mu
/IDH-mu glioma, as there was only one such case;

however, we investigated whether TERTp-mu is associated
with a poor prognosis in gliomas, similar to MGMTp-M/
TERTp-mu. Interestingly, the occurrence of /DH-mu was
significantly correlated with Ki-67 expression, but not with
p53 expression, which is opposite to the finding of TERTp-
mu, revealing that /[DH and TERTp mutations may influ-
ence gliomagenesis through different oncogenic pathways.
Ogura et al reported that pS3 overexpression is associated
with unfavorable outcomes in GBM/AA patients with
IDHI-wt/MGMTp-UM gliomas,” suggesting the com-
bined profile of p53 and IDH and MGMTp status.
However, we found that p53 positivity is not significantly
correlated with survival in patients with IDHI-wt
IMGMTp-UM gliomas, but that p53+/Ki-67+ predicts
unfavorable outcomes in these patients. Thus, the com-
bined assessment of IDH and MGMTp status with p53 and
Ki-67 expression may be more useful for the prognosis of
astrocyte-derived gliomas.

P53 expression was previously reported as a potential
predictor of OS in glioma patients, but other studies
reported contrasting findings.>*?* Our study demon-
strated that patients with a stronger correlation between
positive p53 expression and a worse prognosis than for
patients with negative p53 expression. However, p53
expression was not an independent prognostic factor in
neither univariate nor multivariate analysis. This finding
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Table 3 Clinicopathological and Biological Factors Affecting Overall Survival Rates
Univariate p value Multivariate p value
OR 95% CI OR 95% CI

Sex (male vs female) 0.640 0.265-1.546 0.321 0.571 0.192-1.698 0.313
Age (< 60y vs > 60y) 3.300 1.166-9.341 0.025* 3.0182 0.817-11.112 0.098
Histological grade (lI-Il vs IV) 4.073 1.620-10.240 0.003** 1.034 0.298-3.585 0.958
IDH (wt vs mu) 0.174 0.060-0.509 0.001** 0.394 0.100-1.544 0.181
MGMTp (UM vs M) 0.607 0.239-1.544 0.295 0.834 0.260-2.674 0.760
TERTp (wt vs mu) 1.619 0.646—4.059 0.304 1.431 0.442-4.634 0.550
BRAF (wild-type vs mutated) 0.546 0.061-4.897 0.589 0.727 0.058-9.165 0.805
Ip/19q-codel (others vs codel) 0.252 0.079-0.802 0.020* 0.399 0.083-1.905 0.249
p53 (negative vs positive) 3.259 0.890-11.942 0.075 3.074 0.725-13.034 0.128
Ki-67 (negative vs positive) 8.069 1.022-63.698 0.048* 3.400 0.360-32.120 0.286
p53/Ki-67 (others vs both positive) 6.476 1.796-23.353 0.004** 5.173 1.271-21.058 0.022*

Notes: Significance analysis was two-tailed, and p<0.05 was considered statistically significant. * at p<0.05 level, ** at p<0.01 level.

Abbreviations: IDH, isocitrate dehydrogenase; TERTp, telomerase reverse transcriptase promoter; MGMTp, O6-methylguanine-DNA methyltransferase promoter; 1p/19q,
chromosome arms |p and 19q; BRAF, v-raf murine sarcoma oncogene homologue Bl; Mu, mutation; Wt, wild-type; M, methylation; UM, unmethylation; Codel, codeletion;

OR odds ratio; Cl confidence interval.

may be because the cases with strong expression of p53
(p53, 3+) in this study had the highest percentage of /DH-
mu (63.6%) but the lowest percentage of TERTp-mu
(18.2%) compared to the other groups and thus achieved
good OS due to IDH-mu status. Expression of p53 was
not an independent prognostic factor for OS, indicating
that further research is needed to determine the exact
clinical value of p53. Ki-67 is another well-known cancer
cell proliferation indicator, and its expression can reflect
the proliferation and malignancy of glioma cells.” In the
present study, it was observed that most Ki-67+ glioma
cases were high-grade and associated with poor OS.
However, Ki-67+ was an independent prognostic factor
only in the univariate analysis, not in the multivariate
analysis. Although Ki-67 may be predictive of poor prog-
nosis, using Ki-67 alone to predict survival in glioma
patients may not be reliable.*** Instead, double positivity
of Ki-67 and p53 (Ki-67+/p53+) was investigated as an
independent prognostic factor for OS in both the univari-
ate and multivariate analyses. Patients with Ki-67+/p53+
gliomas showed bad prognosis in terms of OS in both
grade II-11I and IV gliomas, suggesting the need to triage
glioma patients based on the molecular status of Ki-67
and p53.

GBM is considered the deadliest primary brain tumor. It
is characterized by high frequencies of MGMT and TERT
promoter alterations and low frequencies of /DH and 1p/19q
mutations in the primary tumor.®® Nevertheless, part of
GBMs lack established genetic biomarkers, hence hard to
classify into molecular subgroups and prognose OS for

patients. For example, although TERTp and /DH mutations
are clinically used to classify most of GBMs, about 20% of
GBMs do not fit into this molecularly defined system and are
designated IDH-wt/TERTp-wt GBM subgroups.”’ In line
with previous reports, we found 7 GBMs that were IDH-wt
/TERTp-wt, of which 1 case had 1p/19q-codel, 3 cases had
triple-negative (IDH-wt/TERTp-wt/1p/19q-wt), and the
remaining cases had quadruple-negative (IDH-wt/TERTp-
wt/MGMTp-UM/1p/19g-wt). Considering that the majority
of GBMs were Ki-67+/p53+ and the rarity of BRAF-mu, Ki-
67 and p53 expression and BRAF status is unlikely to aid in
distinguishing TERTp/IDH/1p/19q wild-type GBMs from
other gliomas. Furthermore, the TERTp/IDH/1p/19q wild-
type GBMs cannot be distinguished from other genetic
types of GBM by pathological images, highlighting the
need to develop new markers to assist in defining subgroup
of TERTp/IDH/1p/19q wild-type GBMs.

In conclusion, our findings confirmed existence of
complex correlations among TERTp and IDH mutations,
MGMTp-M, 1p/19g-codel, and expression of p53 and Ki-
67 in human gliomas. BRAF mutation was uncommon in
adult astrocytic and oligodendroglial gliomas. /DH-mu
only and quadruple-positivity (IDH-mu/TERTp-mu
/MGMTp-M/1p/19q-codel) predicted good prognosis for
OS in gliomas; TERTp-mu only, TERTp-mu/MGMTp-M
and quadruple-negativity predicted poor prognosis, espe-
cially in grade II-III gliomas. Ki-67/p53 was an indepen-
dent prognostic factor for OS, as double positivity
predicted poor prognosis in both II-III and IV gliomas.
Thus, combing these genome alterations and Ki-67/p53
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Figure 2 Kaplan—Meier estimates of overall survival in the glioma molecular groups.
Notes: Survival of the molecular subgroups stratified according to MGMT promoter methylation (MGMTp-M), IDH mutation (IDH-mu), TERT promoter mutation (TERTp-
mu), and 1p/19q codeletion (Ip/19q-codel) in atotal of 103 gliomas (A), comprising 67 grade II-Ill gliomas (D) and 36 grade IV gliomas (G). |, quadruple positive (MGMTp-M/

IDH-mu/TERTp-mu/ | p/19q-codel); 2, IDH-mu only; 3, MGMTp-M/IDH-mu; 4, MGMTp-

MGMTp-MITERTp-mu; 8, TERTp-mu only. Survival of the subgroups stratified accordin

M only; 5, others; 6, quadruple negative (MGMTp-UM/IDH-wt/TERTp-wt/ | p/19q-wt); 7,
g to Ki-67 and p53 overexpression in a total of 103 gliomas (B), comprising 67 grade Il—

Il gliomas (E) and 36 grade IV gliomas (H). Survival of the subgroups stratified according to MGMTp-M, IDH-mu, TERTp-mu, and |p/19q-codel in a total of 66 Ki-67+/p53+
gliomas (C), comprising 35 Ki-67+/p53+ grade II-lll gliomas (F) and 31 Ki-67+/p53+ grade IV gliomas (I). Significance analysis was two-tailed, and p<0.05 was considered

statistically significant.

Abbreviations: IDH, isocitrate dehydrogenase; TERTp, telomerase reverse transcriptase promoter; MGMTp, O6é-methylguanine-DNA methyltransferase promoter; Ip/19g-
codel, chromosome arms |p and 19q codeletion; BRAF, v-raf murine sarcoma oncogene homologue Bl; Mu, mutation; Wt, wild-type; M, methylation; UM, unmethylation.

expression should have clinical value in the diagnosis and
prognosis of glioma tumors.

Abbreviations

IDH, isocitrate dehydrogenase; TERTp, telomerase reverse
transcriptase promoter; MGMTp, O6-methylguanine-DNA
methyltransferase promoter; 1p/19q, chromosome arms 1p
and 19q; BRAF, v-raf murine sarcoma oncogene homolo-
gue Bl; Mu, mutation; Wt, wild-type; M, methylation;
UM, unmethylation; 1p-del, 1p-deletion; 19g-del, 19q-

deletion; Codel, codeletion; A, astrocytoma; AA, anaplas-
tic astrocytoma; AO, anaplastic oligodendroglioma; AOA,
anaplastic oligoastrocytoma; O, oligodendroglioma; OA,
oligoastrocytoma; GM, glioblastoma; OS, overall survival.
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