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Abstract. – OBJECTIVE: The aim of this 
study was to analyze the depolymerization in 
metalloproteinase (ADAM17), epidermal growth 
factor receptor (EGFR), the expression of Ki-
67 of glioma patients and the correlations with 
malignancy.

PATIENTS AND METHODS: 53 brain glioma 
samples resected from patients who had sur-
gery from April 2015 to May 2016 at Chinese 
People’s Armed Police Force General Hospital 
were selected. According to the degree of ma-
lignancy: 22 patients were divided into a deteri-
oration group (stage I to II); 31 patients in highly 
deteriorated group (stage III to IV); 14 brain tis-
sue samples of traumatic decompression from 
the hospital as control group. The immunohis-
tochemical method was used to detect the ex-
pression of ADAM17, EGFR, and Ki-67 in three 
groups, and the correlation between the expres-
sion of ADAM17, EGFR, and Ki-67. Thus, the 
stages of malignancy were analyzed. 

RESULTS: ADAM17, EGFR, and Ki-67 had no 
expression or weak expression in the control 
group, and increased in the low stage of dete-
rioration group; the differences were statistical-
ly significant (p < 0.05). The positive expression 
rates of ADAM17, EGFR, and KI-67 were signifi-
cantly higher in the high deterioration group than 
that in the control group (p < 0.05). Moreover, the 
analysis showed that the expression of ADAM17, 
EGFR, and Ki-67 were positively correlated with 
the stage of malignancy (R = 0.823, p = 0.000; R = 
0.804, p = 0.000; R = 0.811, p = 0.000).

CONCLUSIONS: The results suggested that 
there was a significant positive correlation be-
tween ADAM17, EGFR, and Ki-67 with the stage 
of malignancy.
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Introduction

Glioma is a type of intracranial tumor, which 
occurs in 40%-50% of all brain tumors world-

wide1. Since there are high growth rate and high 
stage of malignancy of gliomas, it is difficult to 
complete the radical resection2. Therefore, there 
is great clinical need to learning the factors which 
correlate to the malignant degree of gliomas. A 
disintegrin and metalloproteinase 17 (ADAM17) 
is an important member of the ADAM family3. 
It has been found that ADAM17 works as pro-
tein cleavage enzyme and plays an important 
role in tumor proliferation and metastasis4. At 
present, it has been confirmed that ADAM17 
is highly expressed in cervical cancer, breast 
cancer, esophageal cancer and other malignant 
tumors5,6. Epidermal growth factor receptor (EG-
FR) is a receptor with tyrosine kinase activity, 
which further activates the signaling pathway 
by binding and phosphorylating with the ligand 
and then promotes the invasion and development 
of tumor. Ki-67 is a cell proliferation associated 
nuclear protein, and its expression level is relat-
ed to the proliferation of tumor cells7. In recent 
years, it has been reported that ADAM17 may be 
involved in the activation of EGFR and take part 
in tumor development. The aim of this study was 
to analyze the expression of ADAM17, EGFR, 
and Ki-67 in patients with glioma and study cor-
relations between the proteins and the degrees of 
malignancy.

Patients and Methods 

Patients
From April 2015 to May 2016, 53 patients with 

glioma were selected in our hospital (Chinese 
People’s Armed Police Force General Hospital, 
Beijing, China). There were 32 male and 21 fe-
male patients with age ranged 28-71 years old 
(43.3 ± 10.4).

Inclusion criteria: (1) All patients were exam-
ined by CT or MRI before surgery and were 
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diagnosed with glioma. (2) The patients had no 
radiotherapy and chemotherapy treatment be-
fore surgery. (3) Informed consent was signed 
by all patients.

Exclusion criteria: (1) Secondary brain tumor. 
(2) Patients with other malignancies. (3) Pa-
tients with severe disorder of consciousness.

According to the WHO classification of tumors 
of the nervous system8, 22 cases were divided in-
to low deteriorate group (I-II stage), 31 into high 
deteriorate group (III-IV stage). And 14 brain 
tissue samples of traumatic decompression from 
our hospital were selected as control group. 

This study was approved by medical Ethi-
cal Committee of our hospital (Chinese People’s 
Armed Police Force General Hospital, Beijing, 
China).

Methods
The specimens were placed in 10% formalde-

hyde solution, and 4 um serial sections were pre-
pared by conventional paraffin embedding. The 
slices were dehydrated in gradient ethanol solu-
tion, PBS (phosphate-buffered saline) solution 
repair, high-temperature antigen repair, then put 
in 3% H2O2 for 5-10 min at 37°C. Then, antigen 
blocking was used with specific serum. When 
the blocking was completed, the I antibodies of 
ADAM17, EGFR and KI-67 with the dilution 
ratio of 1:100 were added and were set overnight 
under constant 4°C. The specimens were washed 
with PBS, dropped with II antibody, and incu-
bated for 30 min. After that, the specimens were 
washed with PBS again, the adding of streptavi-
din-biotin-peroxidase complex were continued 
and they were incubated for 30 min. Gradient 
ethanol hydration was performed, as well as 
DAB (3,3’-diaminobenzidine) staining (TaKaRa, 
Dalian, Liaoning, China), hematoxylin and eosin 
(HE) staining (Beyotime, Shanghai, China). Fi-
nally, they were observed under the microscope. 
The main reagent was Rabbit anti-human AD-
AM17 polyclonal antibody, mouse anti-human 
EGFR monoclonal antibody, rabbit anti-human 
monoclonal antibody KI-67, and DAB chromo-
genic agent and immunohistochemistry kit. They 
were all purchased by TaKaRa (Dalian, Liaoning, 
China).

Evaluation Criterion9

Put the slices under the microscope, 5 views 
under the light of 400 times were randomly 
selected. ADAM17 and EGFR protein were lo-

calized in the cytoplasm, and EGFR protein 
was localized in the nucleus. According to the 
percentage of positive cells, the 0 score meant 
no positive cells, 1 meant positive cells < 30%; 2 
meant the percentage of positive cells was 30%-
70%; 3 meant positive cells > 70%. In addition, 
according to the intensity of staining, it can be di-
vided into 4 grades, 0 score was no positive cells: 
light yellow staining had 1 point, yellow staining 
had 2 points, yellow-brown had 3. The above two 
scores were added as a comprehensive score: 0 
point for the negative (-); 1-2 weakly positive (+); 
3-4 positive (+ +); 5-6: strong positive (+ + +).

Positive rate = weak positive rate + positive 
rate + strong positive rate

Statistical Analysis
SPSS 21.0 statistical software (SPSS Inc., Chi-

cago, IL, USA) was used for statistical analysis. 
The percentage data were compared using the χ2-
test. The correlation of ADAM17, EGFR and Ki-
67 expression with the degree of malignancy was 
analyzed by the Spearman correlation analysis, p 
< 0.05 was statistically significant.

Results

Comparison of the Expression of 
ADAM17 in Three Groups

The positive expression rate of ADAM17 in 
high deteriorate group was 93.55% (29/31), and 
was significantly higher than that in the low 
deteriorate group 59.09% (13/22). The low dete-
riorate group was significantly higher than that 
of control group 28.57% (4/14). The difference 
was statistically significant (p < 0.05), as shown 
in Table I. 

Comparison of the Expression of EGFR 
in Three Groups

The positive expression rate of EGFR in high 
deteriorate group was 70.97% (22/31), which was 
significantly higher than that of low deteriorate 
group 36.36% (8/22). The low deteriorate group 
was significantly higher than that of control group 
0.00% (0/14). The difference was statistically sig-
nificant (p < 0.05), as shown in Table II. 

Comparison of the Expression of Ki-67 
in Three Groups

The positive expression rate of Ki-67 in high 
deteriorate group was 80.65% (25/31), which was 
significantly higher than that of low deteriorate 
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group 31.82% (7/22). The low deteriorate group 
was significantly higher than that of control group 
0.00% (0/14). The difference was statistically sig-
nificant (p < 0.05), as shown in Table III. 

Expression of ADAM17, EGFR, and 
Ki-67 in Gliomas and Its Correlation 
With Malignancy

By correlation analysis, the expression of AD-
AM17, EGFR, and Ki-67 in glioma patients was 
significantly positively correlated with the stage 
of malignancy (R = 0.823, p = 0.000; R = 0.804, p 
= 0.000; R = 0.811, p = 0.000).

Discussion 

Glioma is a common malignant tumor of the 
brain. The malignant degree is high, and the cure 
rate is quite low. However, the pathogenesis of 

glioma remained unclear. It is of great impor-
tance to make a judgment on the malignant stage 
of glioma by histological diagnosis and specific 
molecular diagnosis10. ADAM17, as one of the 
ADAM family members, is a gene molecule 
newly discovered in recent years. ADAM17 has a 
significant effect on the protein-cutting enzyme, 
and also activates cell cycle key molecules in 
order to promote tumor cell proliferation, fusion, 
invasion, etc11. At present, some studies have 
suggested that the expression level of ADAM17 
in patients with glioma is usually at a high lev-
el, which is abnormal12. EGFR is an important 
member of the epidermal growth factor receptor 
family. The level of the expression of EGFR is 
correlated to the malignant stage of the tumor. 
Studies have shown that EGFR can bind to ty-
rosine kinase activity, which is correlated to the 
occurrence and to the development of different 
tumors in vivo13. In recent years, researchers have 

Table I. Comparison of ADAM17 expression between the three groups (No., %).

 Groups No. - + ++ +++ Positive rate (%)

High deteriorated group 31  2 4 11 14 29 (93.55)#,*
Low deterioration group 22  9 7  6  0 13 (59.09)*
Control group 14 10 4  0  0  4 (28.57)
χ2-value – – – – – 26.394
p-value – – – – –  0.000

Note: Compared with the low grade deterioration group, #p < 0.05. Compared with the control group, *p < 0.05.

Table II. Comparison of EGFR expression between the three groups (No., %).

 Groups No. - + ++ +++ Positive rate (%)

High deteriorated group 31 10 3 6 12 22 (70.97)#,*
Low deterioration group 22 14 3 5  0  8 (36.36)*
Control group 14 14 0 0  0  0 (0.00)
χ2-value – – – – – 21.492
p-value – – – – –  0.000

Note: Compared with the low grade deterioration group, #p < 0.05. Compared with the control group, *p < 0.05.

Table III. Comparison of Ki-67 expression between the three groups (No., %).

 Groups No. - + ++ +++ Positive rate (%)

High deteriorated group 31  7 3 7 14 25 (80.65)#,*
Low deterioration group 22 15 5 2  0  7 (31.82)*
Control group 14 14 0 0  0  0 (0.00)
χ2-value – – – – – 23.373
p-value – – – – –  0.000

Note: Compared with the low grade deterioration group, #p < 0.05. Compared with the control group, *p < 0.05.
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found that ADAM17 may be involved in the ac-
tivation of EGFR, and played an important role 
in tumor development14. Therefore, this paper 
analyzed the correlation between the expressions 
of ADAM17, EGFR, and Ki-67 and the stages of 
malignancy in patients with glioma; furthermore, 
it enriched the pathogenesis of glioma. 

In this study, we compared the different stages 
of brain glioma and brain injury. Results suggest-
ed that the positive expression rate of ADAM17 
in high deteriorate group was significantly higher 
than in the low deteriorate group; and the low de-
teriorate group was significantly higher than that 
in control group. This showed similar results to 
the research by Chen et al15. The current studies 
have shown that the expression of ADAM17 in 
gastric cancer, liver cancer and lung cancer and 
other cancer cells increased abnormally. Its ma-
jor mechanism is to accelerate the proliferation, 
invasion, and migration of tumor cells through 
EGFR-PI3K-AKT signaling pathway16. The re-
sults suggested that the expression of ADAM17 
was closely correlated to the malignant stage of 
glioma patients. The results were similar to the 
research by Andersson et al17. The positive ex-
pression rate of EGFR in high deteriorate group 
was significantly higher than that in the low dete-
riorate group; and the low deteriorate group was 
significantly higher than that in control group. 
Thereafter, the expression of EGFR was closely 
correlated to the malignant stage of glioma. EG-
FR, as an epidermal growth factor, is an import-
ant expression product of proto-oncogene HER1. 
EGFR combines with tyrosine kinase active mol-
ecules and activates multiple signaling pathways 
which regulate cellular growth, proliferation, and 
differentiation. It has been found that EGFR gene 
was overexpressed in many solid tumors, such 
as lung cancer, cervical cancer, liver cancer and 
so on18. Results have found that the expression 
level of EGFR was significantly high in poorly 
differentiated gliomas. The high expression rate 
of EGFR was closely correlated with the differ-
entiation of glioma, as well as the malignant stage 
of glioma19. In addition, the results also showed 
that the positive expression rate of Ki-67 in high 
deteriorate group was significantly higher than 
that in the low deteriorate group; and the low 
deteriorate group was significantly higher than 
that in the control group, which suggested that 
the expression of Ki-67 is closely correlated to the 
malignant stages of gliomas. Ki-67 is one of the 
proliferating cell nuclear antigens. The expres-
sion level of Ki-67 was correlated with the pro-

liferation of tumor cells20. With the development 
of a tumor, the positive expression rate of Ki-67 
increased gradually. The results of correlation 
analysis showed that the expression of ADAM17, 
EGFR and Ki-67 in patients with glioma was 
significantly positively correlated with the stage 
of malignancy21.

Conclusions

To sum up, ADAM17, EGFR, and Ki-67 had 
no expression or weak expression in the control 
group, and increased expression in the low de-
teriorate group. The malignant stage of gliomas 
was positively correlated with the expression of 
ADAM17, EGFR, and Ki-67, which indicated that 
in clinical work, we can further learn the changes 
of patients’ condition, and provide the reference 
for the clinical treatment plan by examining the 
positive expression rate of ADAM17, EGFR, and 
Ki-67.
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