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Background: Protein phosphatase magnesium-dependent 1δ (PPM1D) is a p53-induced serine/
threonine phosphatase, which is overexpressed in various human cancers. A recent study report-
ed that a mutation in the PPM1D gene is associated with poor prognosis in brainstem gliomas. In 
this study, we evaluated the utility of PPM1D as a prognostic biomarker of adult supratentorial 
diffuse astrocytic and oligodendroglial tumors. Methods: To investigate PPM1D protein expres-
sion, mRNA expression, and copy number changes, immunohistochemistry, RNAscope in situ 
hybridization, and fluorescence in situ hybridization were performed in 84 adult supratentorial diffuse 
gliomas. We further analyzed clinical characteristics and overall survival (OS) according to PPM1D 
protein expression, and examined its correlation with other glioma biomarkers such as isocitrate 
dehydrogenase (IDH) mutation, and p53 expression. Results: Forty-six cases (54.8%) were PPM1D-
positive. PPM1D expression levels were significantly correlated with PPM1D transcript levels (p = 

.035), but marginally with PPM1D gene amplification (p = .079). Patients with high-grade gliomas 
showed a higher frequency of PPM1D expression than those with low-grade gliomas (p < .001). 
Multivariate analysis demonstrated that PPM1D expression (hazard ratio [HR], 2.58; p = .032), age 
over 60 years (HR, 2.55; p = .018), and IDH1 mutation (HR, 0.18; p = .002) were significantly inde-
pendent prognostic factors; p53 expression had no prognostic significance (p = .986). The patients 
with tumor expressing PPM1D showed a shorter OS (p = .003). Moreover, patients with tumor 
harboring wild-type IDH1 and PPM1D expression had the worst OS (p < .001). Conclusions: Our 
data suggest that a subset of gliomas express PPM1D; PPM1D expression is a significant marker 
of poor prognosis in adult supratentorial diffuse astrocytic and oligodendroglial tumors.

Key Words: PPM1D; IDH1; Mutation; Diffuse astrocytic and oligodendroglial tumors; Supratentorial 
gliomas; Molecular marker

Received: August 30, 2017
Revised: October 16, 2017
Accepted: October 17, 2017

Corresponding Author
Jene Choi, PhD
Department of Pathology, Asan Medical Center, 
University of Ulsan College of Medicine, 88 
Olympic-ro 43-gil, Songpa-gu, Seoul 05505, Korea 
Tel: +82-2-3010-4555
Fax: +82-2-472-7898
E-mail: jenec@amc.seoul.kr

Journal of Pathology and Translational Medicine 2018; 52: 71-78
https://doi.org/10.4132/jptm.2017.10.21

▒ ORIGINAL ARTICLE ▒

Gliomas are the most common tumors of the brain and spinal 
cord, and account for the majority of brain cancer-related deaths.1,2 
Molecular-profiling studies have reported characteristic genetic 
alterations related with different gliomas. These biomarkers 
were subsequently incorporated in the 2016 World Health 
Classification (WHO) Classification of Tumours of the Central 
Nervous System (revised 4th edition).3-9 Mutations in the isoci-
trate dehydrogenase 1 (IDH1) and IDH2 genes occur in 70%–
80% of grade II/III gliomas and most secondary glioblastomas.10 
Co-deletion of 1p/19q is typically related with tumors of the 
oligodendroglial lineage and is closely associated with IDH 
mutations.11 Alterations in the p53 and its pathway genes occur in 
78% of glioblastomas, and are thought to promote progression 
to high-grade malignancy.12,13

Protein phosphatase magnesium-dependent 1δ (PPM1D), 

also known as wild-type p53-induced phosphatase 1, is a member 
of the protein phosphatase type 2C and p53 target gene family 
and occurs in response to various stresses.14-18 Activated PPM1D 
directly dephosphorylates Chk1, Chk2, p38 mitogen-activated 
protein kinase, uracil DNA glycosylase, MDM2, H2AX, and 
p53, suggesting that it acts as a homeostatic regulator.19-22 The 
PPM1D gene is frequently amplified/overexpressed in various 
human cancers, all of which rarely carry a p53 mutation.23-29 
Recent studies have reported C-terminal truncating alterations 
in the PPM1D gene, which enhance the functional ability of 
PPM1D. PPM1D mutation was identified in 18.2% of pediatric 
brainstem gliomas, which were mutually exclusive with p53 
mutations detected in 57.6% of the same tumors. Moreover, 
PPM1D mutation was known to be associated with poor prog-
nosis in pediatric brainstem gliomas.30-32
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In this study, we intended to evaluate the utility of PPM1D 
expression as a prognostic biomarker of adult supratentorial diffuse 
astrocytic and oligodendroglial tumors. Other clinical character-
istics were also analyzed to explore the relationship between the 
tumors and PPM1D expression. Moreover, we investigated 
brain lower grade gliomas (WHO grade II and III) from The 
Cancer Genome Atlas (TCGA) data to clarify the clinical effects 
according to the genetic alterations of PPM1D.

MATERIALS AND METHODS

Patients

We retrospectively reviewed data for 109 patients diagnosed 
with diffuse astrocytic and oligodendroglial tumors according to 
the 2016 WHO Classification of Tumours of the Central Nervous 
System (revised 4th edition) from August 2013 to July 2015 
from the archives of the Department of Pathology at Asan 
Medical Center. Eighty-four patients were enrolled after excluding 
four cases of adult or pediatric brainstem glioma, one case of 
adult cerebellar glioma, and 20 cases without sufficient tissue. 
The medical records of 84 patients were reviewed, including 
sex, age, tumor locations, diagnoses, molecular parameters, 
treatments, and survival outcomes. This study adhered to the 
guidelines established by the Declaration of Helsinki and was 
approved by the Institutional Review Board of Asan Medical 
Center (2015-0151). Informed consents were obtained from all 
individual participants included in the study.

 
Tissue microarray construction and immunohistochemistry 

Tissue microarrays (TMAs) consisting of two cylindrical cores 
(3-mm) from formalin-fixed, paraffin-embedded tissues obtained 
from surgically resected or stereotactic biopsy specimens were 
constructed using a Quick-Ray Manual Tissue Microarrayer 
(UT06, Unitma, Belrose, NSW, Australia). Immunohistochem-
istry (IHC) of 4-μm paraffin section of TMA blocks was per-
formed using a Benchmark automatic immunostaining device 
(Ventana Medical Systems, Tucson, AZ, USA). The slides were 
incubated with primary antibodies against PPM1D (1:100, 
2804D1a, Abcam, Cambridge, UK) and p53 (1:1,500, DO.7, 
DAKO, Glostrup, Denmark). IHC for PPM1D was scored as 
follows: 0, no reactivity or nuclear and cytoplasmic reactivity in 
less than 5% of the tumor cells; 1, reactivity in 5% to less than 
one-third of the tumor cells; 2, reactivity in one-third to two-
thirds of the tumor cells; and 3, reactivity in more than two-
thirds of the tumor cells.33 Immunopositivity was determined 
to optimize the cutoff point for patient survival to dichotomize 

the PPM1D expression data using the X-Tile software.34 Scores 
of 0 and 1 indicated negative results, and scores of 2 and 3 indi-
cated positive results. p53 immunoreactivity was also scored 
using this method.

IDH1 sequencing

The genomic region spanning codon 132 of IDH1 was ampli-
fied using the polymerase chain reaction with the following 
primer set: 5'-TGAGAAGAGGGTTGAGGAGTTC-3' (for-
ward) and 5'-CACATACAAGTTGGAAATTTCTGG-3' (reverse). 
The genomic region was then sequenced with the forward primer 
using the BigDye Terminator v3.1 Cycle Sequencing Kit (Applied 
Biosystems, Foster, CA, USA).

RNAscope in situ hybridization

PPM1D transcript was measured with the RNAscope assay 
using the Hs-PPM1D probe (602231; Advanced Cell Diagnostics, 
Hayward, CA, USA). Hybridization signals were amplified and 
visualized with the RNAscope 2.5 HD reagent kit-RED 
(322350, Advanced Cell Diagnostics). PPM1D mRNA mole-
cules, shown as red spots, were quantified via light microscopy 
by manual counting. The signals per cell were divided into four 
groups according to the manufacturer’s semi-quantitative scoring 
guideline: score 0, no staining or less than 1 dot in 10 cells; 
score 1, 1–3 dots in a cell; score 2, 4–9 dots in a cell; and score 
3, ≥10 dots in a cell or the presence of gene clusters in ≥ 10% of 
the tumor cells. Based on a cutoff value of 1.5 determined by 
using the X-Tile software, scores of 2 and 3 were considered to 
indicate high PPM1D mRNA expression, and scores of 0 and 1 
indicated no and low PPM1D mRNA expression, respectively.

Fluorescence in situ hybridization 

Copy number status of the PPM1D gene was evaluated via 
fluorescence in situ hybridization (FISH) using the HYBrite 
denaturation/hybridization system (Abbott Molecular, Chicago, 
IL, USA). The PPM1D FISH probes in red and chromosome 
17 control probes (CEP17) in green were purchased from Empire 
Genomics (Buffalo, NY, USA). Specimens that showed a 
PPM1D/CEP17 ratio ≥ 3 were considered positive for PPM1D 
amplification, and those with a PPM1D/CEP17 ratio > 1 but < 3 
in ≥ 10% of tumor cells were defined as relative copy gain.

Statistical analysis 

The independent t test, chi-square test, and Fisher exact test 
were carried out to assess the association between PPM1D protein 
expression and clinicopathological characteristics. To determine 
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the relationships among PPM1D alterations, we conducted a 
chi-square test and Fisher exact test. The Cox proportional haz-
ards regression model was used to assess the dependency of sur-
vival duration on predictor variables. To estimate survival rates 
and compare survival distribution, we used the Kaplan-Meier 
method and log-rank test, respectively. All statistical analyses 
were performed using the R software (ver. 3.3.2, the R Founda-
tion for Statistical Computing, Vienna, Austria). Any p-value < 

.05 was assumed to indicate a statistically significant difference.

RESULTS

Clinicopathological characteristics of the patients

A total of 84 patients with adult supratentorial diffuse astro-
cytic and oligodendroglial tumors were analyzed. The clinico-
pathological findings are summarized in Table 1. The 84 cases 
consisted of 26 glioblastomas, IDH-wildtype (31.0%), 16 ana-

plastic oligodendrogliomas, IDH-mutant and 1p/19q-codeleted 
(19.0%), 12 oligodendrogliomas, IDH-mutant and 1p/19q-
codeleted (14.3%), and 10 diffuse astrocytomas, IDH-mutant 
(11.9%). The majority (89.7%, 61/68) of the patients with 
high-grade gliomas or diffuse astrocytomas (IDH-mutant and 
wildtype) underwent surgery with adjuvant chemotherapy or 
chemoradiation therapy. Those with oligodendrogliomas, IDH-
mutant and 1p/19q-codeleted were treated with surgery without 
any additional therapy (100%, 12/12). Over half of the enrolled 
patients showed PPM1D expression (54.8%, 46/84) and p53 
expression (54.8%, 46/84) in IHC. Among the 36 patients 
(42.9%) with IDH1 mutations, 35 had R132H mutation and 
1 had R132S mutation.

Clinicopathological characteristics according to PPM1D 
protein expression

IHC for PPM1D was performed in 84 cases of adult diffuse 

Table 1. Baseline characteristics of the enrolled patients

Variable Total (n = 84) PPM1D (–)  (n = 38) PPM1D (+)  (n = 46) p-value

Age, median (range, yr) 51 (20–83) 45 (26–76) 52 (20–83) .255
Sex .327
   Male 48 (57.1) 19 (50.0) 29 (63.0)
   Female 36 (42.9) 19 (50.0) 17 (37.0)
Site .165
   Frontal lobe 41 (48.8) 20 (52.6) 21 (45.7)
   Temporal lobe 27 (32.1) 8 (21.1) 19 (41.3)
   Parietal lobe 12 (14.3) 8 (21.1) 4 (8.7)
   Occipital lobe 4 (4.8) 2 (5.3) 2 (4.3)
Diagnosis < .001
   Diffuse astrocytoma, IDH-mutant 10 (11.9) 9 (23.7) 1 (2.2)
   Diffuse astrocytoma, IDH-wildtype 2 (2.4) 2 (5.3) 0 (0)
   Oligodendroglioma, IDH-mutant and 1p/19q-codeleted 12 (14.3) 9 (23.7) 3 (6.5)
   Anaplastic astrocytoma, IDH-mutant 3 (3.6) 1 (2.6) 2 (4.3)
   Anaplastic astrocytoma, IDH-wildtype 7 (8.3) 3 (7.9) 4 (8.7)
   Anaplastic oligodendroglioma, IDH-mutant and 1p/19q-codeleted 16 (19.0) 4 (10.5) 12 (26.1)
   Glioblastoma, IDH-mutant 5 (6.0) 3 (7.9) 2 (4.3)
   Glioblastoma, IDH-wildtype 26 (31.0) 6 (15.8) 20 (43.5)
   Oligodendroglioma, NOS 2 (2.4) 1 (2.6) 1 (2.2)
   Anaplstic oligodendroglioma, NOS 1 (1.2) 0 (0) 1 (2.2)
Treatment .156
   Surgery 20 (23.8) 12 (31.6) 8 (17.4)
   Surgery with CTx and/or RTx 62 (73.8) 26 (68.4) 36 (78.3)
   CTx and/or RTx 2 (2.4) 0 (0) 2 (4.3)
p53 expression < .001
   Negative 38 (45.2) 26 (68.4) 12 (26.1)
   Positive 46 (54.8) 12 (31.6) 34 (73.9)
IDH1 mutation .062
   No 48 (57.1) 17 (44.7) 31 (67.4)
   Yes 36 (42.9) 21 (55.3) 15 (32.6)

Values are presented as number (%).
PPM1D, protein phosphatase magnesium-dependent 1δ; IDH, isocitrate dehydrogenase; NOS, not otherwise specified; CTx, chemotherapy; RTx, radiotherapy.
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astrocytic and oligodendroglial tumors (Fig. 1A). The relation-
ships between PPM1D expression and clinicopathological char-
acteristics are summarized in Table 1. The patients’ characteristics 
were not significantly different according to PPM1D expression 
except for the diagnosis. High-grade gliomas showed a higher 
frequency of PPM1D expression than low-grade gliomas 
(70.2% vs 16.7%, p < .001). In terms of molecular profiles, p53 
expression showed a positive correlation with PPM1D expression 
(p < .001). There was a marginally negative relationship between 
PPM1D expression and IDH1 mutation (p = .062). 

Relationships between PPM1D expression and its genetic 
alterations

To assess the relationships between PPM1D expression, 
mRNA levels, and DNA copy-number alterations, RNAscope 
in situ hybridization, and FISH were conducted. Informative re-
sults were obtained in 77 cases. Thirty-five cases (45.5%, 35/77) 
were classified as demonstrating high PPM1D mRNA levels 
(Fig. 1B). There was a significant correlation between PPM1D 
protein expression and PPM1D mRNA expression (p = .035) 

(Table 2). Patients with PPM1D expression were found to have 
higher PPM1D mRNA expression than those without PPM1D 
expression (58.5%, 24/41 vs 31.4%, 11/35; p = .026). A large 
number of cases involving PPM1D positivity (90.2%, 37/41) 
showed mRNA expression (low or high expression), and over half 
of the cases (58.5%, 24/41) presented high PPM1D mRNA levels. 
The level of PPM1D positivity in the high PPM1D mRNA 
group was significantly higher than that in the low/no PPM1D 
mRNA group (68.6%, 24/35 vs 40.5%, 17/42; p = .026).

Of the cases examined using FISH analyses, 11 (14.3%) 
showed PPM1D gene amplification and four (5.2%) demonstrat-
ed relative copy gain (Fig. 1C). The majority of the cases with 
PPM1D gene amplification exhibited PPM1D positivity (81.8%, 
9/11). The proportion of PPM1D positivity in the PPM1D 
amplification group was higher than that in the PPM1D non-
amplification/relative copy gained group with borderline signifi-
cance (81.8%, 9/11 vs 48.5%, 32/66; p = 0.053). However, there 
was a marginal correlation between PPM1D expression and 
PPM1D gene amplification (p = .079). 

Table 2. Correlation between PPM1D protein expression and genetic variables of PPM1D

PPM1D gene Total (n = 84) PPM1D (–) (n = 38) PPM1D (+) (n = 46) p-value

mRNA expression .035
   No 13 (16.9) 9 (25.0) 4 (9.8)
   Low 29 (37.7) 16 (44.4) 13 (31.7)
   High 35 (45.5) 11 (30.6) 24 (58.5)
   NA 7 2 5
DNA alteration .079
   No 62 (80.5) 31 (86.1) 31 (75.6)
   Relative copy gain 4 (5.2) 3 (8.3) 1 (2.4)
   Amplification 11 (14.3) 2 (5.6) 9 (22.0)
   NA 7 2 5

Values are presented as number (%).
PPM1D, protein phosphatase magnesium-dependent 1δ; NA, not available.

Fig. 1. A representative case of high-grade glioma. (A) Protein phosphatase magnesium-dependent 1δ (PPM1D) staining shows a high per-
centage of cells with positive protein expression in both the nucleus and cytoplasm in the anaplastic oligodendroglioma. (B) RNAscope in 
situ hybridization analysis shows positive expression of PPM1D shown as red dots. (C) Fluorescence in situ hybridization shows amplified 
PPM1D gene copies as red spots. 

A B C
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Prognostic significance of PPM1D positivity in patients with 
supratentorial diffuse astrocytic and oligodendroglial tumors

Age, diagnosis, IDH1 mutation, and PPM1D expression 
were significant predictors of survival in univariate Cox propor-
tional hazard regression analyses (Table 3). The patients aged 
over 60 years presented an increased risk of poor prognosis (hazard 
ratio [HR] 3.97; 95% confidence interval [CI], 1.86 to 8.46; p < 

.001). Those diagnosed with glioblastoma, IDH-wildtype 
showed the worst prognosis (HR, 8.28; 95% CI, 1.71 to 40.01; 
p = .008). PPM1D expression was significantly associated with 
decreased survival (HR, 3.35; 95% CI, 1.42 to 7.90; p = .005), and 
survival in PPM1D-positive patients was significantly shorter 
than in PPM1D-negative patients (median overall survival [OS], 

21 months [95% CI, 19 to not reached] vs not reached; p = 

.003) (Fig. 2A). Mutant IDH1 was a significant protective factor 
when compared with wild-type IDH1 (HR, 0.14; 95% CI, 0.05 
to 0.38; p < .001), and the patients with mutant IDH1 showed 
significantly longer OS from the initial diagnosis (median OS, 
102 months [95% CI, 102 to not reached] vs 19 months [95% 
CI, 14 to not reached]; p < .001) (Fig. 2B). In multivariate anal-
yses, age (> 60 years) (HR, 2.55; 95% CI, 1.17 to 5.55; p = 

.018), PPM1D positivity (HR, 2.58; 95% CI, 1.08 to 6.17; p = 

.032), and IDH1 mutation (HR, 0.18; 95% CI, 0.06 to 0.53; p = 

.002) were independent prognostic factors (Table 3). Thus, the 
prognostic significance of PPM1D protein expression was further 
analyzed. Patients with mutant IDH1 and PPM1D-negative 

Table 3. Cox proportional hazard regression analysis for overall survival of the patients with supratentorial glioma

Variable
Univariate Multivariate

HR (95% CI) p-value HR (95% CI) p-value

Age (yr)
   ≤ 60 1 (Reference) 1 (Reference)
   > 60 3.97 (1.86–8.46) < .001 2.55 (1.17–5.55) .018 
Sex
   Female 1 (Reference) -
   Male 1.03 (0.49–2.15) .949 - -
Site
   Frontal lobe 1 (Reference) -
   Temporal lobe 1.81 (0.79–4.14) .161 - -
   Parietal lobe 2.76 (0.94–8.01) .064 - -
   Occipital lobe 0.86 (0.11–6.64) .885 - -
Diagnosis
   Diffuse astrocytoma, IDH-mutant 1 (Reference)  -
   Diffuse astrocytoma, IDH-wildtype - - - -
   Oligodendroglioma, IDH-mutant and 1p/19q-codeleted - - - -
   Anaplastic astrocytoma, IDH-mutant 1.83 (0.16–20.31) .621 - -
   Anaplastic astrocytoma, IDH-wildtype 1.10 (2.07–58.12) .005 - -
   Anaplstic oligodendroglioma, IDH-mutant and 1p/19q-codeleted 2.43 (0.43–13.63) .312 - -
   Glioblastoma, IDH-mutant - - - -
   Glioblastoma, IDH-wildtype 8.28 (1.71–40.01) .008 - -
Treatment
   Surgery 1 (Reference)
   Surgery + CTx and/or RTx 3.16 (0.95–10.52) .060 - -
   CTx and/or RTx 18.75 (2.91–121.04) .002 - -
PPM1D expression
   Negative 1 (Reference)  1 (Reference)
   Positive 3.35 (1.42–7.90) .005 2.58 (1.08–6.17) .032 
p53 expression
   Negative 1 (Reference) 1 (Reference)
   Positive 2.06 (0.96–4.43) .064 1.01 (0.43–2.34) .986 
IDH1 mutation
   No 1 (Reference) 1 (Reference)
   Yes 0.14 (0.05–0.38) < .001 0.18 (0.06–0.53) .002 

HR, hazard ratio; CI, confidence interval; IDH, isocitrate dehydrogenase; CTx, chemotherapy; RTx, radiotherapy; PPM1D, protein phosphatase magnesium-
dependent 1δ.
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(IDH1mut/PPM1D-negative) tumors had the best OS, whereas 
patients with wild-type IDH1 and PPM1D expression (IDH1wt/
PPM1D-positive) showed the worst OS (p < .001) (Fig. 2C).

DISCUSSION

Histologic diagnosis and grading were the gold standard for 
diagnosing gliomas. Recently, the well-established molecular 
markers, IDH and 1p/19q, were incorporated in the 2016 
WHO classification.7 In the present study, we explored the effect 
of PPM1D expression and its association with other molecular 
markers, including IDH and p53. To our knowledge, this is the 
first study regarding PPM1D expression in supratentorial diffuse 
astrocytic and oligodendroglial tumors. Patients with PPM1D-
positive tumors had significantly worse OS than those without 
PPM1D-expressing tumors (p = .003) (Fig. 2A); in terms of 
prognostic utility, PPM1D expression was found to be comparable 
to IDH mutation status. 

Genetic alterations of PPM1D are observed in various tumors, 
and are significantly associated with poor prognosis.23-29 Our 
data showed that overexpression of p53 and that of PPM1D 
were positively correlated (p < .001) (Table 1). The results were 
in contrast to our expectation because p53 mutation and 
PPM1D overexpression were exclusively detected in tumors. 
p53 mutation status rather than p53 protein expression is clearly 
associated with poor prognosis in malignant gliomas.35,36 In our 
study, PPM1D positivity was significantly correlated with its 
mRNA transcript levels (p = .035) and marginally associated 

with PPM1D gene amplification (p = .079). The degree of 
PPM1D-positivity in the PPM1D amplification group was 
greater than that in the PPM1D non-amplification/relative 
copy gained group (81.8% vs 48.5%, p = .053) (Table 2). Based 
on the data, we believe that PPM1D protein expression (55%, 
46/84) may be increased by mRNA upregulation and DNA 
amplification of the PPM1D gene rather than functional wild-
type p53 in this cohort. Recently, Zhang et al.32 reported that 
p53 (58%, 19/33) and PPM1D (18%, 6/33) mutations demon-
strate a mutually exclusive pattern in brainstem gliomas; more-
over, OS rates are similar in patients with p53-mutated gliomas 
and those with PPM1D-mutated gliomas. The genomic land-
scape of supratentorial diffuse astrocytic and oligodendroglial 
tumors could be different from that of brainstem gliomas, which 
have two main driver mutations, p53 and PPM1D, in the absence 
of PPM1D overexpression. PPM1D mutation is very rare in 
gliomas arising outside the brainstem.32,37 Our data suggest 
that PPM1D expression in supratentorial diffuse astrocytic and 
oligodendroglial tumors may have similar effects as PPM1D mu-
tations in brainstem gliomas, resulting in stabilized and extended 
phosphatase activities of PPM1D. 

In our study, multivariate analysis for OS according to vari-
ous clinical and molecular parameters revealed that PPM1D is 
a significant molecular marker (HR, 2.58; p = .032) together 
with IDH1 mutation (HR, 0.18; p = .002). In accordance with 
previous studies,38,39 our data showed that p53 overexpression 
did not have prognostic effects, per univariate (p=.064) and 
multivariate (p = .986) analyses. The results suggest that p53 

Fig. 2.  Kaplan-Meier survival curves of patients with supratentorial diffuse astrocytic and oligodendroglial tumors. (A) Comparison of patients 
with protein phosphatase magnesium-dependent 1δ (PPM1D) expression and those without PPM1D expression. (B) Comparison of patients 
with isocitrate dehydrogenase 1 (IDH1) mutation versus those with wild-type IDH1. (C) Comparison of patients with PPM1D expression versus 
those without PPM1D expression with or without an additional IDH1 mutation. Log-rank tests for a, b, and c yielded p = .003, p < .001, and p < 

.001, respectively. 
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expression did not enhance the negative prognostic effect in 
terms of survival, although we observed a positive correlation 
between PPM1D and p53 expressions. In addition, we analyzed 
mRNA expression and DNA alteration in the PPM1D gene in 
516 lower grade gliomas including grades II and III available 
for the PPM1D gene, using the cBioPortal for Cancer Genomics 
from TCGA data (Supplementary Table S1).40,41 Of the 40 cases 
with alterations, gene amplifications were found in 10 cases, deep 
deletion in 1, mRNA upregulation in 31, and mRNA down-
regulation in 2 were found (Supplementary Table S2, Supple-
mentary Fig. S1A). The patients with up-regulated PPM1D 
transcripts and/or DNA amplification had a shorter OS than 
those who did not demonstrate these alterations (p = .031) (Sup-
plementary Fig. S1B). The results further confirm that PPM1D 
expression could be a novel prognostic marker in supratentorial 
diffuse astrocytic and oligodendroglial tumors. We further char-
acterized two prognostic factors: IDH1 mutation and PPM1D 
expression (Fig. 2C). Patients with IDH1mut/PPM1D-negative 
tumors had the most favorable OS; those with IDH1wt/
PPM1D-positive tumors had the worst OS (p < .001). Consid-
ering the median OS for PPM1D-positive patients (21 months; 
95% CI, 19 to not reached) and IDH1wt patients (19 months; 
95% CI, 14 to not reached), these results suggest that PPM1D 
expression and wild-type IDH1 status seem to have an additive 
negative prognostic effect on survival in supratentorial gliomas 
and may promote tumorigenesis via different mechanisms. 

In conclusion, our results indicate that PPM1D has the potential 
to be a molecular prognostic marker of adult diffuse astrocytic 
and oligodendroglial tumors and its prediction abilities are inde-
pendent of the IDH1 and 1p19q co-deletion. Although these 
results need to be further validated, we hope to provide a basis 
for classifying this PPM1D-positive subset of gliomas and open 
up new opportunities for the treatment of such patients using 
PPM1D inhibitors. 
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