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Summary

Purpose: To explore the correlation of the expression levels 
of phosphate and tension homology deleted on chromosome 
ten (PTEN) and p53 of glioblastoma multiforme (GBM) 
with the value obtained by magnetic resonance spectros-
copy (MRS) and apparent diffusion coefficient (ADC) in the 
tumor and the tumor-adjacent area in magnetic resonance 
imaging (MRI).

Methods: A total of 38 patients were operated for GBM. All 
the patients had received diffusion-weighted imaging (DWI) 
and MRS prior to surgery. ADC of water molecules and val-
ues of metabolite indexes of MRS, including n-acetyl aspar-
tate (NAA), choline (Cho) and creatine (Cr), were recorded, 
and the ratios of Cho/NAA, Cho/Cr and NAA/Cr were calcu-
lated. Hematoxylin-eosin (H&E) staining was done to exam-
ine the morphology of tumor and of tumor-adjacent tissues; 
immunohistochemistry (IHC) was performed to examine the 
expressions of PTEN and p53 in the tumor and the tumor-
adjacent area. Finally, the correlations of the expressions of 
PTEN and p53 with ADC, Cho/NAA, Cho/Cr and NAA/Cr 
of the tumor and the tumor-adjacent area were analyzed.

Results: H&E staining showed that GBM tissues had dis-
ordered morphology, different sizes of cells, large cell nuclei 
and significant cell heterogeneity. IHC indicated that the ex-
pression level of p53 protein in the tumor was significantly 

higher than in the tumor-adjacent tissues (p<0.05). The 
expression level of PTEN protein was high in the tumor-
adjacent tissues, but significantly deficient in the tumor. 
DWI showed that the signal of DWI in the tumor was sig-
nificantly increased, but ADC was decreased compared with 
the tumor-adjacent area. MRS indicated that the wave band 
of Cho in the tumor was significantly increased, NAA was 
significantly lowered, and Cr section was decreased com-
pared with the tumor-adjacent area, while NAA/Cr in the 
tumor was significantly decreased compared with the tumor-
adjacent area (p<0.05). Correlation analysis indicated that 
PTEN levels in the tumor and the tumor-adjacent area were 
positively correlated with ADC in the corresponding area, 
while p53 in the tumor and the tumor-adjacent area was 
negatively correlated with ADC in the corresponding area. 
Cho/NAA and Cho/Cr in the tumor were positively correlated 
with p53 in the tumor, but negatively correlated with PTEN 
in the tumor. However, NAA/Cr of the tumor was irrelevant 
to the levels of PTEN and p53.

Conclusions: The test results of DWI and MRS of patients 
with GBM can accurately reflect the inactivation or muta-
tion of PTEN and p53.
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Introduction

 Glioblastoma multiforme (GBM) accounts for 
40% of all the primary tumors of the central nerv-
ous system [1]. The survival time of patients with 

GBM (grade IV) is only 15 months [2]. As the thera-
peutic time window of GBM is short, and there is 
no space for wrong diagnosis, the characteristics 
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of GBM must be assessed accurately and rapidly. 
The anti-oncogenes (PTEN and p53) are the most 
commonly inactivated or mutant genes in human 
cancers. Currently, a large number of studies have 
demonstrated that the progression of patients with 
GBM is significantly associated with inactivation 
of PTEN and mutation of p53 [3,4].
 At present, the functional MRI that is used 
widely in clinical imaging diagnosis includes DWI 
and MRS. In recent years, DWI and MRS have been 
widely used for the detection of diseases of the 
central nervous system [5]. DWI can reflect the 
dispersion of water molecules in the area of the 
lesion, thus diagnosing the disease [6]. MRS is cur-
rently the only way to perform noninvasive testing 
of metabolites (NAA, Cho and Cr) in vivo, and the 
metabolism of the lesion can be reflected through 
the change in wave peak [7]. Both of them can pro-
vide important information for imaging differen-
tial diagnosis of craniocerebral diseases. 
 This study aimed to analyze the correlations of 
DWI and MRS in the GBM and the GBM-adjacent 
area with PTEN and p53, and explore the feasibil-
ity of combining molecular diagnostics with imag-
ing to improve the diagnostic efficiency of GBM.

Methods

General data

 A total of 38 patients (21 males and 17 females) 
with GBM that were subjected to operations in the On-
cology Department of our hospital from December 2013 
to December 2016 were selected. The average age of the 
patients was 53.5±10.3 years. All the patients with GBM 
had craniotomy and tumor resection and were patholog-
ically diagnosed with GBM. Twenty-three patients were 
diagnosed with III-IV, and the remaining 15 with stage 
I-II according to the World Health Organization (WHO) 
staging classification. None of them had undergone op-
eration for brain tumor in the past, and they did not 
receive chemotherapy, radiotherapy or other treatments 
before enrollment. All the patients had DWI and MRS 
examinations performed before operation. The general 
data of the included patients had no statistical differences. 
This study was approved by the Ethics Committee of our 
hospital and all of the subjects signed informed consent.

Magnetic resonance examination

 DWI examination: 3T MRI system [signal 3T; Gen-
eral Electric (GE) Medical Systems, Milwaukee, Wis-
consin, USA] and a circularly polarized head coil were 
used. The system was equipped with high-performance 
gradient (40 mT/ms; conversion rate:150mT/m/s). The 
patients laid in supine position and conventional axial 
[spin echo (SE) sequence] MR plain scan was firstly per-
formed; then, enhanced lateral and sagittal T1-weighted 
imaging (3,000 s/mm2) were performed. Finally, trans-
verse plain T2-weighted imaging, fast liquid attenua-

tion inversion recovery sequence (FLAIR) imaging and 
enhanced T1-weighted imaging were carried out.
 1H-MRS examination: Syngo MR 2002B spectrum 
workstation was adopted to localize the measurement 
area of 1H-MRSon the basis of MRI. The surface with 
maximum area of the tumor was taken as the scanning 
surface for localizing MRS. Point-resolved spectral se-
quence was used to measure the tumor area and con-
tralateral area of normal brain tissues: time of repetition 
(TR): 1,500 ms; time of echo (TE): 135 ms; automatic 
shimming; layer thickness: 10 mm; layer spacing: 2 mm; 
field of view (FOV): 240 mm×240 mm; number of exci-
tation (NEX): 1; phase matrix: 160×160; imaging time: 
260 s. The metabolic spectrum was obtained simulta-
neously using the software package (FuncTool) of the 
spectrometer. The areas under the wave peaks of me-
tabolites including NAA (2.02 ppm), Cho (3.2 ppm) and 
Cr (3.02 ppm) and the ratios of NAA/Cho, NAA/Cr and 
Cho/Cr were calculated. The results were expressed as 
mean ± standard deviation.

Hematoxylin-eosin histopathological examination

 GBM tissues and GBM-adjacent tissues were fixed 
overnight in 4% paraformaldehyde (Google Biology, 
Wuhan, China) with 10 times volume. Paraffin section-
ing (thickness: 0.4 μm) was performed after dehydration 
and embedding. The sections were baked in an oven at 
65°C for 3 hrs. Then dewaxing, gradient ethanol rehy-
dration, staining with H&E, gradient alcohol rehydra-
tion and drying were conducted for the sections. Finally, 
they were sealed with neutral balsam and placed under 
the microscope (DM-5000B, Leica, Wechsal, Germany) 
for observation of morphology and photographing.

Immunohistochemical examination

 The sections of the tumor tissues and the tumor-
adjacent tissues with a thickness of 0.4 μm were placed 
in citrate buffer solution (100°C) for antigen retrieval for 
20 min → incubated in 3% hydrogen peroxide for 10 min 
to block nonspecific background staining induced by en-
dogenous peroxidase → sealed for 30 min in 5% bull 
serum albumin (BSA) → incubated at 37°C for 1-2 hrs af-
ter the primary-antibody working fluids (PTEN and p53) 
were added (dilution ratio: 1:200, Santa Cruz, California) 
→ washed with phosphate buffered saline with Tween 
20 (PBST) for 3 times → incubated at room temperature 
for 1 hr after secondary antibody labeled with biotin was 
added (dilution ratio: 1:500, Santa Cruz, California) → 
developed with 3, 3’-diaminobenzidine (DBA) substrate 
kit → redyed with hematoxylin → dehydrated and sealed. 
The sections were placed under the microscope (Leica) 
for observation and photographing (at least three areas 
for each section). Image Pro-Plus 5.0 software (Media 
Cybernetics, USA) was used to calculate the optical den-
sity (OD) of each section.

Statistics

 All the results of this experiment were analyzed by 
MedCalc software (Mariakerke, Belgium). All quantita-
tive data were expressed as mean±SD, and paired t-test 
was used for the detection of differences among each 
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index. P<0.05 suggested that the differences were sta-
tistically significant.

Results 

Observation of morphology of GBM tissues and GBM-
adjacent tissues with H&E examination

 As shown in Figure 1, GBM tissues had dis-
ordered morphology, different sizes of cells, large 
nuclei  and significant cell heterogeneity, while 
the GBM-adjacent tissues had normal structures.

Analysis of expressions of p53 and PTEN in the tu-
mor tissues and the tumor-adjacent tissues with IHC 
examination

 As shown in Figure 2, p53 was localized in 
the cell nucleus, while PTEN was localized in the 
cytoplasm. The expression of p53 protein in tu-
mor tissues was significantly higher than that in 
tumor-adjacent tissues (p<0.05). The expression 
of PTEN protein was high in tumor tissues, but 
significantly deficient in tumor-adjacent tissues 
(p<0.05) (Table 1).

Figure 1. H&E staining of GBM tissues and GBM-adjacent tissues (magnification x40). Compared with GBM-adjacent tis-
sues, GBM tissues had disordered morphology, different sizes of cells, large cell nuclei and significant cell heterogeneity.

Figure 2. Immunohistochemical expressions of p53 and PTEN in tumor tissues and tumor-adjacent tissues (magnifica-
tion x40). The expressions of p53 and PTEN protein in tumor tissues were significantly higher than in tumor-adjacent 
tissues (p<0.05).
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Examination of GBM with MRI

 As shown in Figure 3, the signal of DWI sug-
gested that it was significantly increased in the 
tumor, and the ADC was decreased compared to 
those in the tumor-adjacent area. MRS indicated 
that the wave section of Cho in the tumor was 
significantly increased, NAA was significantly de-
creased, and Cr section was reduced.

Analysis on differences of MRS and ADC in the tumor 
and the tumor-adjacent area

 Table 2 shows that the ratios of Cho/NAA and 
Cho/Cr of metabolic index in the tumor were high-
er than those in the tumor-adjacent area, while the 
ratio of NAA/Cr in the tumor was lower than that 
in the tumor-adjacent area (p<0.05).

Correlation of p53 with MRS and ADC

 The correlation analysis (Table 3) suggested 
that p53 in the tumor and the tumor-adjacent area 
was negatively correlated with ADC in the corre-
sponding area (p<0.05). Cho/NAA and Cho/Cr in 
the tumor were positively correlated with the level 
of p53 in the tumor, while Cho/NAA and Cho/Cr 
in the tumor-adjacent area were negatively corre-
lated with the level of p53 in the tumor (p<0.05). 
NAA/Cr in the tumor was irrelevant to the level of 
p53 (p<0.05).

Correlation of the level of PTEN with MRS and ADC

 Table 4 shows that the level of PTEN in the 
tumor and the tumor-adjacent area was positively 
correlated with ADC in corresponding area, while 

Figure 3. Examination of GBM with MRI. A and B: The signal of DWI suggested that it was significantly increased in 
the tumor and the apparent diffusion coefficient (ADC) was decreased compared with those in the tumor-adjacent area. 
Arrow shows the tumor. C: MRS indicated that the wave section of the Cho in the tumor was significantly increased, 
NAA was significantly decreased and Cr section was reduced.

Table 1. Comparisons of optical density of p53 and PTEN in the tumor and the tumor-adjacent tissues

Index Tumor-adjacent tissues
(n=38)

Tumor tissues
(n=38)

t value p value

p53 132.5±42.8 472.1±97.5 7.43 0.0012

PTEN 379.4±83.6 86.2±39.2 4.27 0.0027

Table 2. Analysis of differences of MRS and ADC in the tumor and the tumor-adjacent area 

Item Tumor-adjacent area
(n=38)

Tumor
(n=38)

t value p value

Cho/NAA 1.62±0.41 3.48±0.73 5.87 0.0018

Cho/Cr 1.53±0.52 3.20±0.66 5.05 0.0043

NAA/Cr 1.76±0.47 0.83±0.25 3.27 0.015

ADC (×103mm2/s) 2.04±0.43 1.27±0.35 6.34 0.0027
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Table 3. Correlation of the level of p53 with MRS and ADC 

Index Level of p53 in the tumor-adjacent area Level of p53 in the tumor

r value p value r value p value

Cho/NAA 0.903 <0.05 0.753 <0.05

Cho/Cr 1.238 <0.05 0.815 <0.05

NAA/Cr 0.104 >0.05 0.443 >0.05

ADC -0.836 <0.05 -0.644 <0.05

Table 4. Correlation of the level of PTEN with MRS and ADC 

Index Level of PTEN in the tumor-adjacent area Level of PTEN in the tumor

r value p value r value p value

Cho/NAA -1.633 <0.05 -0.817 <0.05

Cho/Cr -0.814 <0.05 -1.252 <0.05

NAA/Cr 0.221 >0.05 0.711 >0.05

ADC 1.354 <0.05 0.9425 <0.05

Cho/NAA and Cho/Cr in the tumor were negatively 
correlated with the level of PTEN in the tumor-
adjacent area, and those in the tumor-adjacent area 
were negatively correlated with the level of PTEN 
in the tumor (p<0.05). NAA/Cr in the tumor was 
irrelevant to the level of PTEN (p<0.05).

Discussion 

 GBM is a highly lethal brain tumor with 
unique clinical history and molecular characteris-
tics [8]. GBM is mainly manifested as primary and 
secondary subtypes. Primary GBM subtype is an 
acute disease with high frequency of gene muta-
tions of epidermal growth factor receptor (EGFR), 
PTEN and inhibitor of CDK4/alternative reading 
frame (INK4a/ARF), while secondary GBM subtype 
evolves from low-level mutation to mutations of 
platelet derived growth factor (PDGF) and p53 [9].
 The p53 gene is divided into wild and mutant 
type. Wild p53 is a tumor suppressor character-
ized by short half-life, while mutant p53 can be 
permanently activated as a carcinogen [10]. When 
the cell is damaged, wild p53 can induce DNA-
damaged cells to enter G1/G0 stationary stage to 
inhibit cell proliferation, until the damaged DNA 
is repaired. If this fails, wild p53 will induce apo-
ptosis of damaged cells. The deficiency or muta-
tion of wild p53 will lead to permanent activation 
of p53, thus failing to effectively activate damage 

stress response of downstream DNA, and losing 
the effect of regulating tumor growth [11,12]. As a 
tumor-suppressing protein, PTEN has dual specific 
phosphatase activity, and can mediate the stabil-
ity of p53 [13]. Studies have shown that PTEN can 
inhibit murine double minute 2 (MDM2)-mediat-
ed p53 degradation through dephosphorylation of 
phosphatidylinositol 3, 4, 5-trisphosphate (PIP3) 
and negative regulation of phosphatidylinositol 
3, 4, 5-trisphosphate (PIP3)/protein kinase (AKt), 
which facilitates the induction of mutations or 
death of irreparable damaged cells [14]. On the 
contrary, as human PTEN promoter contains the 
p53 binding site, p53 can induce the transcrip-
tion of the PTEN gene and increase the level of 
PTEN protein in the cell [15]. Therefore, p53 and 
PTEN are also closely related to each other. Both 
of them play important roles in the inhibition of 
occurrence and development of tumors.
 Sequencing studies on 35 patients with pri-
mary GBM conducted by Ohgaki et al. [16] showed 
that typical p53 mutation was observed in 10 pa-
tients (29%), and PTEN missense mutation, inser-
tion, deletion or splice mutations were observed 
in 14 patients (40%). Moreover, 6 patients of those 
with typical p53 mutation were accompanied by 
PTEN mutation or homozygous deletion. The simi-
larity between our experimental results and these 
studies is that mutant p53 protein in GBM tissues 
is increased significantly, while PTEN is signifi-
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cantly decreased compared with those in GBM-
adjacent tissues.
 The symptoms of typical malignant GBM are 
increased intracranial pressure or focal neurologic 
deficits. It is manifested as high signal of DWI and 
low signal of ADC in the tumor in terms of DWI. 
This is because the cell density in the tumor is 
higher than that in the tumor-adjacent area, and 
the high signal dispersion of DWI in the tumor is 
limited [17]. The similarity between data of this 
experiment and this principle is that ADC in the 
tumor is higher than that in the tumor-adjacent 
area. In addition, studies have shown that the av-
erage of ADC in GBM is 1.52×103 mm2/s, while 
that in malignant GBM is 1.23×103 mm2/s [18]. The 
ADC of the 38 patients with GBM in this study was 
1.27×103 mm2/s, which meets the clinicopatho-
logical grading for patients. Analysis on the cor-
relation of PTEN and p53 with ADC also showed 
that PTEN in the tumor and the tumor-adjacent 
area was positively correlated to ADC in the cor-
responding area respectively, while p53 in the tu-
mor and the tumor-adjacent area was negatively 
correlated with ADC in the corresponding area.
 Some studies have shown that the sensitivity, 
specificity and accuracy of MRS in the diagnosis 

of GBM are 100, 86 and 96%, respectively [19]. As 
paraplastic glial cells destroy normal neurons, the 
typical manifestations of MRS in patients with 
GBM are significant increase in Cho, significant 
reduction in NAA and moderate or significant de-
crease in Cr [20]. The results of this study are con-
sistent with the typical characteristics of MRS for 
GBM. Further analysis showed that Cho/NAA and 
Cho/Cr were positively correlated with the level of 
p53 in the tumor, but negatively correlated with 
PTEN in the tumor. However, the ratio of NAA/Cr 
in the tumor was not related to the levels of PTEN 
and p53.

Conclusions

 In summary, this study showed that DWI and 
MRS were significantly correlated with the inac-
tivation or mutation of PTEN and p53 in patients 
with GBM. The assessment of variability of PTEN 
and p53 with the values of ADC, Cho/NAA and 
Cho/Cr has relatively high diagnostic value.
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