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Abstract. The present study aimed to analyze the expression 
and mutation of Cyclin A and Ki-67 in gliomas, and determine 
their correlation with tumor progression. Tissue samples of 
186 diagnosed glioma patients were examined immunohisto-
chemically for Cyclin A and Ki-67 expression. Gene mutation 
analysis was performed on genomic DNA extracted from 
patient samples, using polymerase chain reaction amplification 
and sequencing. Cyclin A and Ki-67 expression were observed 
in the glioma and lymphatic metastasis tissues, and were 
analyzed using SPSS 14.0 statistical software. Of the total 
patients, 64 (34.41%) were Cyclin A-positive and 68 (36.56%) 
were Ki-67-positive. The expression of Cyclin A and Ki-67 in 
glioma was positively correlated with lymphatic metastasis. 
Statistically significant differences were observed in the muta-
tion rate of Ki-67 (P<0.05), but not Cyclin A (P>0.05), between 
the gliomas and metastatic tumors. In conclusion, Cyclin A and 
Ki-67 are highly expressed in glioma tissues, and their expres-
sion and mutation are associated with the lymphatic metastasis 
of glioma in the brain. It may be concluded that Cyclin A and 
Ki-67 may be used as biomarkers to guide the diagnosis of 
glioma and evaluate the prognosis of affected patients.

Introduction

Gliomas are tumors that originate within brain tissues; they 
arise from glial cells and are the most common brain tumors, 
making up ~45% of all tumors found in the brain (1). According 
to the data from the World Health Organization (WHO), 
glioblastoma is the second leading cause of cancer-related 
mortality in children and young adults below the age of 35 (2).

The early detection and diagnosis of gliomas has been 
improved significantly in recent years. However, the survival 

rate of patients with gliomas remains low. An urgent require-
ment therefore exists to understand the molecular mechanisms 
that underlie the occurrence and progression of gliomas and 
develop novel methods for the diagnosis and treatment of this 
type of brain tumor. In the majority of cases, the diagnosis of 
glioma at an early stage relies on the combination of clinical 
observation, imaging and pathological examination (3). In 
addition, cancer biomarkers hold promise for use in early 
tumor detection and diagnosis. Cyclin A and Ki-67 are highly 
expressed in several malignant tumors. Recently, their expres-
sion has been used as a powerful index for malignant cell 
proliferation and prognosis, but their roles in gliomas and their 
metastasis have remained poorly understood (4,5).

In the present study, the expression and mutation of 
Cyclin A and Ki-67 were detected in glioma tissues from 
patients, and their association with glioma classification and 
lymphatic metastasis was investigated. The results may provide 
useful information on the diagnosis, evaluation, treatment and 
prognosis of glioma patients.

Materials and methods

Glioma tissues. Specimens of brain tumors were obtained 
from glioma patients who received surgery between 
March 2009 and January 2014 in Xinxiang Central Hospital 
(Xinxiang, Henan, China). The degree of differentiation, 
infiltration levels, lymphatic metastasis and degree of malig-
nancy were recorded for each patient. A total of 186 patients 
were included in the study. Of these patients, 107 were male 
and 79 were female, with ages ranging from 27 to 76 years 
old (mean, 48.92±8.29 years). According to the 1999 WHO 
classification system (6), the patients were divided into the 
following categories: 47 cases of astrocytic tumors, 21 cases 
of oligodendrogliomas, 19 cases of ependymoma, 26 cases of 
mixed gliomas, 15 cases of choroid plexus tumors, 17 cases of 
mixed neuronal-glial tumors, 26 cases of pineal parenchymal 
tumors, 9 cases of embryonal tumors and 6 cases of neuroblas-
tomas. According to the 2000 WHO grading system (7), which 
categorizes gliomas into low-grade glioma (WHO grade I-II) 
and high-grade glioma (WHO grade III-IV) (8), out of the 
186 patients, 84 were grade I-II and 102 were grade III-IV. 
This study was conducted in accordance with the declaration 
of Helsinki. This study was conducted with approval from 
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the Ethics Committee of Xinxiang Central Hospital. Written 
informed consent was obtained from all participants.

Immunohistochemistry. Paraffin blocks of surgical specimen 
from glioma patients were sectioned into 4-µm slices, depa-
raffinized and rehydrated. The slides were washed with 
phosphate-buffered saline, treated with antibody signal 
enhancer, and incubated with mouse anti-human monoclonal 
antibody against Cyclin A (1:500; cat. no. LBP-IHC-M057) and 
mouse anti-human monoclonal antibody against Ki-67 (1:500; 
cat. no. LBP-IHC-R098) (both Daan Gene Inc., Guangzhou, 
China). Immunosignals were developed with DAB (Daan Gene 
Inc.) as the chromogen. The sections were contrast-stained 
with hematoxylin and mounted in neutral resin.

DNA extraction, polymerase chain reaction (PCR) and 
sequencing. Fresh tissue samples (30 mg) from glioma 
specimens or metastatic lymph nodes were homogenized with 
MagNA Lyser (Roche, Basel, Switzerland). The concentration 
of extracted genomic DNA was measured using NanoDrop 
2000 (Thermo Scientific, Rockford, IL, USA), and the genomic 
DNA was diluted to a working concentration of 30-50 ng/l.

Four exons of Cyclin A and two codons of KRAS were 
amplified by PCR. Each reaction (in a total of 20 µl reaction 
volume) contained 1X Hot Startaq buffer, 2.0 mM Mg2+, 
0.2 mM dNTP, 0.2 µM of each primer, 1 unit of Hot Startaq 
polymerase and 10 ng DNA template. PCR conditions were 
as follows: 95˚C for 5 min, followed by 25 cycles of 94˚C for 
40 sec, 56˚C for 30 sec and 72˚C for 40 sec and final elongation 
at 72˚C for 3 min. The product was purified and sequenced 
using an ABI 3130XL Genetic Analyzer (Applied Biosystems, 
Foster City, CA, USA). The sequencing results were analyzed 
using PolyPhred analysis software (http://droog.gs.washington.
edu/polyphred/real_polymorphism.html).

Detection of gene mutations. The mutations in Cyclin A and 
Ki-67 were detected using Cyclin A and Ki-67 Mutation Detec-
tion kits from Daan Gene Inc. Light Cycler 480 II (Roche) was 
used to detect the changes in the EGFR4 and KRAS genes.

Criteria and standards for immunohistochemistry. The posi-
tive signal was localized to the cytoplasm and membrane 

for Cyclin A staining, and to the membrane or cytoplasmic 
puncta for Ki-67 staining. The intensity of staining was 
evaluated in 10 areas of each section. The percentage of cells 
with positive staining was scored as follows: 0, <5% staining; 
1, 6-25% staining; 2, 26-50% staining; 3, 51-75% staining 
and 4, >75% staining. The staining intensity was scored as 
follows: 3, brown; 2, yellow; and 1, light yellow. The scores 
for percentage of positive cells and staining intensity were 
combined to generate an overall score index: Strongly positive 
(+++), 6-9 points; moderately positive (++), 4-5 points; weakly 
positive (+), 2-3 points; and negative (-), 0-1 points (9).

Statistical analysis. Statistical analysis was performed using 
SPSS 14.0 software (SPSS Inc., Chicago, IL, USA). The t-test 
was used to compare the difference between two groups. 
P<0.05 was used to indicate a statistically significant differ-
ence.

Results

Expression of Cyclin A and Ki‑67 in glioma. Out of 
186 patients, 64 (34.41%) were positive for Cyclin A staining 
and 68 (36.56%) for Ki-67 staining in the glioma tissues or 
metastatic lymph nodes. Statistical analysis showed that the 
expression of Cyclin A and Ki-67 exhibited no correlation 
with the clinicopathological factors of age, gender, tumor size 
and smoking history (P>0.05) (Table I), but was correlated 
with the clinical stage, degree of differentiation and lymphatic 
metastasis. In the patients with poorly-differentiated tumors, 
lymphatic metastasis or grade III-IV gliomas, the positive 
expression rates for Cyclin A were 42.22, 47.25 and 47.12%, 
respectively, and for Ki-67, these rates were 41.48, 45.05 and 
48.08%, respectively (Table I). The positive rate for Cyclin A 
and Ki‑67 in these patients was significantly higher than that 
in patients with well-differentiated tumors, no lymphatic 
metastasis or grade I-II gliomas (P<0.05) (Table I; Fig. 1).

Mutation analysis of Ki‑67 and Cyclin A genes in glioma 
tissues and metastatic lymph nodes. Of the 186 patients, 
91 presented with lymphatic metastasis. In the 95 patients 
without lymphatic metastasis, 27 were found to have Ki-67 
expression. In the 91 patients with lymphatic metastasis, 

Figure 1. Immnostaining showing expression of Cyclin A and Ki‑67 in glioma. (A) Positive expression of Cyclin A (magnification, x200). (B) Positive expres-
sion of Ki‑67 (magnification, x200).
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34 were found to have Ki-67 expression in the glioma tissues 
and 41 in the metastatic lymph nodes. There were significant 
differences in the mutation rate of Ki-67 between the glioma 
and metastatic tissue sites (P<0.05). Point mutations of Ki-67 
were detected in 1 glioma tissue and 7 metastatic tissues. 
Of these mutations, 5 were mutated in the codon for amino 
acid 12 and 2 in the codon for amino acid 13. Statistical 

analysis showed that the Ki-67 mutation rate was not associ-
ated with patient gender, smoking history and tumor subtype 
(Fig. 2).

With regard to Cyclin A, 21 of the patients without 
lymphatic metastasis were positive for its expression. In the 
patients with lymphatic metastasis, 32 were positive for 
Cyclin A expression in the glioma tissues and 43 in the meta-
static tumor sites. Mutations in Cyclin A were identified in 21 

Table I. Association between Cyclin A and Ki-67 expression and gliomas (mean ± standard deviation).

 Cyclin A Ki-67
 expression, n expression, n
  ------------------------- Positive   ------------------------- Positive
Characteristic n (-) (+) rate, % P-value (-) (+) rate, % P-value

Patients 186 122 64   118 68
Gender     0.827    0.952
  Male 107   69 38 35.51   68 39 36.45
  Female   79   53 26 32.91    50 29 36.71
Age, years     0.762    0.985
  <60 123   79 44 35.77    78 45 36.59
  ≥60   63   43 20 31.75    40 23 36.51
Smoking history     0.962    0.809
  Yes   73   48 25 34.25    45 28 38.36
  No 113   74 39 34.51    73 40 35.40
Tumor size, cm     0.274    0.217
  ≤4   99   70 29 29.29    69 30 30.30
  >4   87   52 35 40.23    49 38 43.68
TNM grading     0.011a    0.024a

  I-II   82   67 15 18.29    64 18 21.95
  III-IV 104   55 49 47.12    54 50 48.08
Differentiation     0.003a    0.041a

  Well   51   44   7 13.73    39 12 23.53
  Poor 135   78 57 42.22    79 56 41.48
Lymphatic metastasis     0.028a    0.049a

  Yes   91   48 43 47.25    50 41 45.05
  No   95   74 21 22.12    68 27 28.42

aP<0.05.

Figure 2. Relative expression of normal Cyclin A gene and Cyclin A mutation 
gene in patients with and without lymphatic metastasis.

Figure 3. Mutations in Ki-67 gene. The relative expression of normal Ki-67 gene 
and Ki-67 mutation gene in patients with and without lymphatic metastasis.
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glioma tissues and 26 metastatic tumor tissues. There was no 
significant difference in the mutation rate of Cyclin A between 
the glioma tissues and the metastatic tissue sites (P>0.05). 
Statistical analysis showed that the mutation rate of Cyclin A 
in non‑smoking women was significantly higher than that in 
men who smoked (P<0.05) (Fig. 3).

Discussion

Glioma is a primary brain tumor that originates from glial 
cells. The tumor has one of the worst prognoses. A better prog-
nosis for glioma depends on its early detection and diagnosis. 
The rapid development of molecular biology and its applica-
tion in cancer biology revolutionized the research on gliomas, 
and has generated significant insights into the mechanisms 
underlying glioma pathogenesis. Clinical observations suggest 
that the same gliomas diagnosed by conventional analysis of 
pathological features may have significant differences in their 
response to treatments and their prognosis, as well as in the 
invasion, recurrence and metastasis of these tumors (10,11). 
Experimental data have shown that these differences are due 
to changes in genes, which necessitates the use of molecular 
biology and immunohistochemical techniques to detect gene 
or protein changes (12-14). In the present study, Ki-67 and 
Cyclin A, two important genes that are associated with malig-
nant tumors, were selected and their expression and mutation 
in patients with gliomas was investigated.

Cyclin A belongs to the Cyclin family, a group of proteins 
that regulate the cell cycle. Cyclin A positively regulates the cell 
cycle. First identified in hepatitis B virus DNA integration sites 
in tumor cells of primary liver cancer, Cyclin A was believed 
to possess oncogenicity. Cyclin A is essential for cells to pass S 
phase and G2/M phase. It accumulates in the late G1 phase prior 
to DNA synthesis, and participates in DNA replication, synthesis 
and the entry of cells into mitosis. Therefore, the expression level 
of Cyclin A is critical for the normal growth and proliferation 
of cells. Abnormal expression of Cyclin A may cause mismatch 
or incomplete synthesis of DNA, which is believed to lead to 
carcinogenesis. Cyclin A is highly expressed in several tumor 
cells, and has been used as an index of malignant proliferation 
of these cells and poor prognosis (15,16). Ki-67 is a nuclear 
protein that is associated with cellular proliferation. Although 
it is necessary for mitosis, the exact mechanism is unknown. 
Positive expression of Ki-67 indicates an active proliferation of 
cancer cells. In addition, Ki-67 is also a protein that is asso-
ciated with the cell cycle. Therefore, it is used as a biomarker 
for various malignant cancers. The expression of Ki-67 in 
poorly‑differentiated tumor tissues is significantly higher than 
its expression in well-differentiated adenocarcinoma tissues, 
which indicates that the expression level of Ki-67 is correlated 
with histological grading (17,18). The present results suggest that 
the expression of Ki-67 is associated with the occurrence and 
development of gliomas, and is a sign of poor prognosis.

The detection of mutations in Ki-67 is important for the 
understanding of cancer progression and the development of 
proper therapeutic strategies. Mutations in Ki-67 occur at the 
early stages of tumorigenesis, and these mutations are similar 
in primary cancer and metastatic tissues. It has been hypoth-
esized that the status of the KRAS genes will not be changed 
by therapies. Approximately 20% of gliomas have Ki-67 

mutations. Gliomas are tumors with extreme heterogeneity. 
Therefore, the confirmation of the consistent expression of 
Cyclin A and Ki-67 in primary tumor sites and metastatic 
tumor sites is important for those who choose targeted cancer 
therapies (19).

Our results showed that the expression of Cyclin A 
was not correlated with gender, age, degree of invasion, 
tumor size, distant metastasis or clinical grading (P>0.05). 
However, it was associated with the degree of differentiation 
and lymphatic metastasis. The expression of Ki-67 was not 
correlated with gender, age, tumor size, distant metastasis 
and degree of differentiation (P>0.05), but was associated 
with the degree of invasion, lymphatic metastasis and clinical 
grading (Table I). These data suggest that the detection of 
Cyclin A and Ki‑67 has clinical significance in determine 
the metastasis, progression and prognosis of glioma patients 
who receive surgery. In addition, these results showed that 
the genes of Cyclin A and Ki-67 can be changed during 
tumor metastasis, although the underlying mechanisms 
remain unknown. This phenomenon can explain the different 
responses of glioma patients to targeted therapies.

In clinical treatment, personalized and targeted therapies 
are becoming optimized choices for oncologists and patients. 
Adjuvant therapies have been used in the treatment of glioma 
patients prior to surgery. By reducing the size of tumors and 
lowing the grade of regional tumors, certain terminal cancer 
patients may obtain the opportunity for surgery. Examination 
of lymphatic metastasis can provide more accurate informa-
tion for glioma grading, which will be useful for choosing 
the best treatment for the patients (20). Patients who are 
negative in conventional examination may have microme-
tastasis in the mediastinum, bone marrow and lungs. Such 
patients have reached grade IV, and should be treated with 
new adjuvant chemotherapy prior to any surgery. For glioma 
patients with metastasis in the bone marrow and peripheral 
blood, early chemotherapy should be administered prior to 
surgery, which has been shown to lower the grades of 35% of 
patients with grade III-IV gliomas (21). Certain studies have 
indicated that distant metastasis may occur in patients diag-
nosed with grade I gliomas. For such patients, the detection 
of biomarkers of tumors is necessary to identify metastasis 
and the requirement for chemotherapy prior to surgery (22).

In the present study, it was demonstrated that mutations 
in the Ki-67 and Cyclin A genes are not only important for 
tumorigenesis, but also promote invasion and metastasis. 
Thus, detecting the expression and mutation of Ki-67 and 
Cyclin A in primary tumor sites and metastatic lymph nodes 
may provide critical information for clinical diagnosis, 
disease evaluation, treatment and prognosis.
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