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Summary

Purpose: To investigate the significance of nuclear mag-
netic resonance (NMR) combined with Ki-67 and vascular
endothelial growth factor (VEGF) detection in the diagnosis
and prognosis evaluation of brain glioma.

Methods: 78 patients with brain glioma treated at the Af-
filiated Hospital of Jining Medical University from January
2015 to August 2017 were studied. All patients underwent
the NMR diffusion tensor imaging examination. The expres-
sions of Ki-67 and VEGF in brain glioma tissues were detect-
ed using immunohistochemistry and survival analyses were
performed for patients in high apparent diffusion coefficient
(ADC) group and low ADC group, high-expression Ki-67 and
VEGF group and low-expression Ki-67 and VEGF group be-
fore treatment. Moreover, the value of combined diagnosis in
the prognosis evaluation of patients was analyzed.

Results: NMR diffusion tensor imaging showed that the
fractional anisotropy (FA) value in the tumor enhancement
region on the affected side was significantly lower than in
the contralateral normal region, but ADC was significantly
higher in the contralateral normal region; the FA value in
grade I-II brain glioma enhancement region was higher
compared with grade III-IV glioma enhancement region,
but ADC was lower in the grade-I1I-IV glioma enhancement

Introduction

Brain glioma is a common tumor of the cen-
tral nervous system, accounting for about 50% of
intracranial tumors [1]. The treatment methods of

region (p<0.05). The low expression rates of Ki-67 and VEGF
in patients with grade I-II brain glioma were significantly
higher than in patients with grade III-IV glioma (p<0.05).
After treatment, the 3-year survival rate of high ADC group
was lower than that of low ADC group, and the 3-year sur-
vival rate of high-expression Ki-67 and VEGF group was
also obviously lower than that in low-expression Ki-67 and
VEGF group (p<0.05). Besides, the area under the receiver
operating characteristic (ROC) curve of NMR combined with
Ki-67 and VEGEF detection in the prediction of patient prog-
nosis was 0.9006, the sensitivity 91.6%, and the specificity
89.5%.

Conclusion: NMR diffusion tensor imaging has a high ap-
plication value in the diagnosis of brain glioma. The ex-
pressions of Ki-67 and VEGF are related to the pathological
grade of glioma, which can be used as biological indexes
for the diagnosis of glioma. Moreover, the combined detec-
tion of the three items can not only accurately determine the
grade of glioma malignancy, but also effectively evaluate the
prognosis of patients, thus providing a scientific basis for the
selection of therapeutic regimen.

Key words: brain glioma, Ki-67, nuclear magnetic reso-
nance diffusion tensor imaging, VEGF

brain glioma include radiotherapy, chemotherapy,
surgical treatment, gene therapy and molecular
biological therapy. Surgical treatment is dominant,
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however, the disease cannot be completely resect-
ed. Besides, glioma will relapse in many instances
after operation and the patient survival is short [2].
Brain glioma mostly shows infiltrative growth and
diffuse distribution, its clinical manifestations lack
specificity, and the diagnosis is difficult without
biopsy, so it is particularly important to choose
the appropriate diagnostic methods and reason-
able treatment [3]. NMR diffusion tensor imaging
is a diagnostic technique emerged in recent years,
which is widely used in the diagnosis of central
nervous system diseases. Moreover, it can accu-
rately evaluate the microstructure of local areas
through diffusion quantification of water mol-
ecules in the brain [4]. Ki-67 is clinically used as a
marker for the detection of tumor cell proliferation
[5]. VEGF is a growth factor of vascular endothelial
cells, which can promote the tumor growth, inva-
sion and metastasis [6]. In this study, patients with
brain glioma were subjected to NMR combined
with Ki-67 and VEGF detection, and their progno-
sis was analyzed, providing a scientific basis for
the diagnosis and treatment of the disease.

Methods

General data

A total of 78 patients with brain glioma treated
in the Affiliated Hospital of Jining Medical University
from January 2015 to August 2017 were randomly se-
lected. Inclusion criteria: 1) patients meeting the diag-
nostic criteria of brain glioma and confirmed via patho-
logical diagnosis [7]; 2) patients with predicted survival
>8 weeks and unilateral lesions; 3) patients who signed
informed consent. Patients with contraindications of
MRI examination were excluded, and the general data
of patients are shown in Table 1.

Table 1. General patient & disease characteristics

Characteristics Patients (n=78)
mean+SD

Age, years 45.78+7.54
Gender (male/female) 43/35
Kamofsky performance status score 70.21+4.78
Average tumor diameter (mm) 31.63+1.52
Pathological grade n, (%)

Grade I-II 41 (52.56)

Grade III-IV 37 (47.44)

Preparations before examination

Patients had a light diet one day before NMR ex-
amination to avoid signal changes due to high-fat foods,
while they received psychological counseling to ensure
a calm mood.

NMR diffusion tensor imaging examination

NMR diffusion tensor imaging examination was
performed using the Sigma3.0T NMR scanner (GE). Pa-
tients were put at supine position and asked to keep
quiet breathing; the head was immobilized as far as pos-
sible and the swallowing was avoided. Besides, they un-
derwent TIW1 (TR: 360 ms; TE: 20 ms; matrix: 385x190;
FOV: 23 cmx17 cm; layer spacing: 3 mm; layer thickness:
7 mm), T2W1 (TR: 220 ms; TE: 21 ms; matrix: 482x230;
FOV: 23 cmx18 cm; layer spacing: 3 mm; layer thickness:
7 mm) and fluid-attenuated inversion-recovery (FLAIR)
scanning (TR: 5000 ms; TE: 20 ms; matrix: 385x190;
FOV: 23 cmx17 cm; layer spacing: 3 mm; layer thick-
ness: 7 mm), followed by image optimization using the
system-provided image processing tools.

Ki-67 and VEGF detection

The expressions of Ki-67 and VEGF in brain glioma
specimens were detected using immunohistochemistry:.
The rabbit anti-Ki-67 polyclonal antibody and VEGF rab-
bit anti-human polyclonal antibody were supplied by
Beijing Bioss Biotechnology Co., Ltd. The paraffin-em-
bedded tissues were cut into 4 pm-thick sections using
slicer (Leica, Germany); then the sections were placed
into 95, 90, 85 and 75% ethanol for 10 min, respectively,
soaked in distilled water for 5 min, and washed with
phosphate buffered saline (PBS) for 3 times (5 min/
time); 50 pL primary antibody was added and the sec-
tions were placed at 4°C overnight, and then the second-
ary antibody was added for incubation at 20°C for 15
min. The reagents A, B and C in diaminobenzidine (DAB)
kit (Beijing Zhongshan Goldenbridge Biotechnology Co.,
Ltd.) were added in the sections for color development,
followed by observation under microscope. After color
development, the reagents were washed off with dis-
tilled water to terminate the development, followed by
the hematoxylin re-staining for 2 min and sealing via
neutral gum.

Evaluation indexes

The changes of ADC and FA values in the tumor
region and the contralateral normal white matter of pa-
tients were observed, and the ADC and FA value in the
tumor enhancement region of patients with different
pathological grades were compared.

The expressions of Ki-67 and VEGF in tumor tis-
sues were detected using the immunohistochemistry
and the cells stained brown-yellow indicated positiv-
ity. The percentage of positive cells was calculated in 4
high-power fields (x400) randomly selected from each
section, and the percentage point (PP) was scored: 1) O
point: no positive cells; 2) 1 point: positive cells <5%;
3) 2 points: positive cells <5% - <20%; 4) 3 points: posi-
tive cells >20%. The staining intensity (SI) was also
scored: 1) O points: no staining; 2) 1 point: faint yellow;
3) 2 points: brown-yellow; 4) 3 points: dark-brown. The
formula used was as follows: immunoreaction score
(IRS)= PPxSI. IRS >4 was defined as high expression,
while IRS <4 as low expression [8].
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Statistics

The Statistical Package for Social Sciences (SPSS)
19.0 (SPSS Inc., Chicago, IL, USA) was used. Quantita-
tive data were presented as mean+standard deviation
and analysed with the t-test. Numerical data were pre-
sented as percents and analysed with the chi-square
test. ROC curve analysis was performed for the NMR
combined with Ki-67 and VEGF detection for the evalu-
ation of prognosis, and survival analysis was performed
via Kaplan-Meier analysis and log-rank test. A p value
<0.05 was considered as statistically significant.

Results

The NMR diffusion tensor imaging examina-
tion of each region of brain glioma showed that the
FA value in the tumor enhancement region on the
affected side was lower than that in the contralat-
eral normal region, but ADC was significantly
higher than that in the contralateral normal region
(p<0.05; Table 2).

According to the comparisons of brain glioma
in different pathological grades, the FA value in
the grade I-II brain glioma enhancement region
was obviously higher than in the grade III-IV gli-
oma enhancement region, but ADC was obviously
lower than in the grade III-IV glioma enhance-
ment region (p<0.05; Table 3).

Comparisons of Ki-67 expressions in brain
glioma in different pathological grades showed
that high expression rate of Ki-67 in patients with
grade I-II brain glioma was significantly lower
than in patients with grade III-IV brain glioma
(p<0.05; Table 4).

Comparisons of VEGF expressions in brain
glioma in different pathological grades showed
that high expression rate of VEGF in patients with
grade-I-II brain glioma was significantly lower
compared with patients with grade III-IV brain
glioma (p<0.05; Table 5).

After treatment, the 3-year survival rate of
high ADC (>0.6) group was significantly lower
compared with low ADC group (<0.6) (p<0.05), and
the 3-year survival rate of high-expression Ki-67
and VEGF group was also significantly lower than

Table 2. Comparisons of brain glioma detection results

FA ADC
mean+SD mean+SD
Zﬁ‘?h‘f;ae;:;ggeggft FeBon  0.18+0.03 0.59+0.07
Contralateral normal region  0.57+0.06 0.31+0.05
t 51.346 28.747
p <0.001 <0.001

FA: fractional anisotropy, ADC: apparent diffusion coefficient
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that in the low-expression Ki-67 and VEGF group
(p<0.05; Figures 1, 2 and 3). The area under the
ROC curve of NMR combined with Ki-67 and VEGF
detection in the prediction of prognosis of patients
was 0.906, the sensitivity 91.6%, and the specific-
ity 89.5% (Figure 4).

Table 3. Comparisons of detection results of brain glioma
in different pathological grades

Pathological grade FA ADC
mean+SD mean+SD
[-11 0.25+0.04 0.57+0.05
III-1IV 0.16+0.02 0.69+0.06
t 17.774 13.569
p <0.001 <0.001

For abbreviations see footnote of Table 2

Table 4. Ki-67 expressions in brain glioma in different
pathological grades

Pathological grade Low expression High expression

n (%) n (%)
I-11 57 (73.08) 21 (26.92)
III-1v 17 (21.79) 61 (78.21)
x2 39.103
P <0.001

Table 5. VEGF expressions in brain glioma in different
pathological grades

Pathological grade Low expression High expression

n (%) n (%)
I-1I 56 (71.79) 22 (2821)
III-1V 26 (33.33) 52 (66.67)
x2 21.621
p <0.001
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Figure 1. Kaplan-Meier overall survival of patients with
different ADCs (p<0.05).
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Figure 2. Kaplan-Meier overall survival of patients with
different Ki-67 expressions (p<0.05).
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Figure 3. Kaplan-Meier overall survival of patients with
different VEGF expressions (p<0.05).
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Figure 4. The area under the ROC curve of NMR com-
bined with Ki-67 and VEGF detection in the prediction of
patient prognosis was 0.900, the sensitivity was 91.6% and
the specificity 89.5%.

Discussion

Gliomas are divided into oligodendroglioma,
astrocytoma, ependymoma, oligoastrocytomas,
glioblastoma, etc [1]. In order to facilitate the re-
search, it is usually divided into high-grade brain
glioma (grades III-IV) and low-grade glioma
(grades I-II) [9]. The clinical manifestations of
brain glioma include headache, malignant vom-
iting, neurological deficits, optic fundus edema,
hemiplegia, changes in mental status and ataxia,
and it is difficult to be cured; besides, patients
have poor quality of life and a high mortality rate
[10]. Brain glioma is mainly diagnosed by clinical
characteristics, imaging analysis and biopsy [11].
Surgery is the preferred treatment of glioma, but
due to the highly malignant behavior of this dis-
ease and the postoperative recurrence, the results
of treatment are largely unsatisfactory, seriously
affecting the prognosis and patient life, so it is of
great significance to see for more effective detec-
tion means in its diagnosis, treatment and evalua-
tion of prognosis [12].

Diffusion tensor imaging is a method in NMR
of describing the brain structure, which can be
used to assess the brain glioma through various
parameters [13]. The diagnostic principle of NMR
diffusion tensor imaging is that the free water
molecules in the brain can be diffused and the dif-
fusion degree is affected by the structure of the
brain. In particular, the white matter will be differ-
ent due to the influence of the lesion [14]. FA and
ADC are the main parameters of diffusion tensor
imaging, in which FA is the proportion of FA of
free water molecules in the total diffusion tensor
and can reflect the diffusion limitation, and ADC
can reflect the diffusion activity of water molecules
[15]. The results of this study showed that the FA
value in the tumor enhancement region on the
affected side was significantly lower than in the
contralateral normal region, but ADC was higher
in the contralateral normal region; the FA value in
grade I-II brain glioma enhancement region was
significantly higher than in the grade III-IV glioma
enhancement region, but ADC was significantly
lower in the grade III-IV glioma enhancement re-
gion (p<0.05), suggesting that the diffusion limi-
tation on the affected side and high-grade glioma
enhancement region is weaker, the tumor cell den-
sity is higher and the infiltration is more serious,
because the tumor region has serious edema, large
cell density and small extracellular space, thus af-
fecting the diffusion of free water molecules and
ADC [16]. In addition, this study showed that after
treatment, the 3-year survival rate of the high ADC
group was significantly lower compared with the
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low ADC group (p<0.05), because the higher ADC
led to higher tumor cell density, more rapid cell
proliferation, and more serious damage to the sur-
rounding normal brain tissues, thus resulting in
rapid disease progression and poor prognosis.
VEGF is an angiogenic factor with the highest
specificity and strongest active function, as well
as a member in the platelet-derived growth fac-
tor family, which can stimulate the vascular en-
dothelial cells, thereby promoting their division
and proliferation, and ultimately promoting the
neovascularization [17]. VEGF is highly expressed
in various tumor tissues and is closely related to
the pathological grade of malignant tumors [18].
The results of this study revealed that the high
expression rate of VEGF in patients with grade I-II
brain glioma was significantly lower than in pa-
tients with grade III-IV disease, and the 3-year sur-
vival rate of high-expression VEGF group was also
significantly lower than in low-expression VEGF
group (p<0.05). This is because VEGF can stimu-
late the proliferation of endothelial cells, increase
the vascular permeability, and provide nutritional
support for the establishment of new blood capil-
lary network, thereby inducing the formation of
new blood vessels, resulting in tumor growth, in-
vasion and metastasis, and leading to continuous
deterioration of glioma, which has a close relation-
ship with its pathological grade. In addition, VEGF
can also interfere and inhibit the dendritic cells,
thus blocking the B and T cell antigen presenta-
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Conclusions
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