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Abstract. The aim of the present study was to examine Ki-67 
expression in tissue of luminal type breast cancer and to 
investigate the association between the Ki-67 expression level 
and clinicopathology of breast cancer. A total of 62 patients 
with breast cancer were included in the study group, whereas 
30 patients undergoing a health check-up who were diagnosed 
with breast hyperplasia were included in the control group. 
Levels of Ki-67 expression in patients of the two groups were 
assessed using fluorescent quantitative polymerase chain reac-
tion. The association between Ki-67 and the clinicopathology 
of the cancer was investigated by analyzing cancer cell prolif-
eration and migration by reducing Ki-67 expression in the 
human MCF-7 cancer cell line. Compared with the controls, 
Ki-67 expression was significantly increased in the serum 
and cancer tissue of breast cancer patients (P<0.05). Ki-67 
mRNA expression was significantly higher in cancer tissue 
than that in the corresponding paracancerous tissue of breast 
cancer (P<0.05). In addition, a high expression of Ki-67 was 
positively correlated with the clinical staging of tumor, tumor 
size and lymphatic metastasis of breast cancer, with statistical 
significance (P<0.05). In MCF‑7 cells with a reduced Ki‑67 
expression, the proliferation activity and migration of breast 
cancer cells were significantly reduced (P<0.05). In conclu-
sion, Ki-67 may be involved in promoting the genesis and 
development of breast cancer by affecting the proliferation and 
migration of cancer cells.

Introduction

Breast cancer is the most common malignancy in women, 
accounting for ~20% of total malignant tumors in females (1). 

Numerous studies (2) have shown that breast cancer is a highly 
heterogeneous malignancy with significant differences in 
histomorphological features, immunophenotype, biological 
behavior and response to treatment. Currently, breast 
cancer is classified as luminal tumors [hormone receptor 
expressing tumors, human epidermal growth factor receptor 2 
(HER2)-negative], HER2-negative (hormone receptor nega-
tive) and basal-like tumors (absence of hormone receptor and 
HER2 expression) (3).

The aberrant proliferation and migration of tumor cells 
are a hallmark of tumor pathology during tumor progression. 
Studies conducted on proliferative activity and migration of 
tumor cells facilitate the understanding of biological behavior 
of tumors and provide clinical evidences for the diagnosis, 
treatment and prognosis of tumors (4). Ki-67, a nuclear antigen 
associated with cell proliferation, is expressed in all the phases 
of the cell cycle except G0. Ki‑67 has been identified as a molec-
ular marker for the effective assessment of the cell prolife ration 
index (5). It has been shown that Ki-67 proliferative activity is 
associated with the extent of tumor differentiation, invasion 
and metastasis as well as prognosis (6,7). In addition, luminal 
tumors have been classified into luminal A and luminal B 
subtypes based on the level of Ki-67 expression. Furthermore, 
the involvement of Ki-67 expression in luminal breast cancer 
tissues has been demonstrated through large population-based 
cohort studies (8).

Between August 2009 and November 2014, 62 patients with 
luminal type breast cancer and 30 patients with breast hyper-
plasia, admitted to the Breast Cancer Center, The Affiliated 
Cancer Hospital of Zhengzhou University (Zhengzhou, China) 
were included in the present study. The present study aimed to 
measure the level of Ki-67 expression in luminal type breast 
cancer tissues and investigate the association between Ki-67 
and the clinicopathology of breast cancer. In addition, Ki-67 
expression in the human MCF-7 breast cancer cell line was 
studied to evaluate the proliferation and migration of tumor 
cells to elucidate the molecular mechanisms underlying the 
impact of Ki-67 on breast cancer.

Materials and methods

Clinical data. Breast tumor tissues were collected from 
62 patients, who were diagnosed with luminal breast cancer 
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and underwent surgery at The Affiliated Cancer Hospital 
of Zhengzhou University, between August 2009 and 
November 2014. The patients, with an age range of 22-57 years 
and a mean age of 43.15±9.50 years, had no prior history of 
radio- and chemotherapy. In addition, 30 patients with breast 
hyperplasia with an age range of 24-54 years and a mean age 
of 45.45±11.41 years, served as the controls.

Reagents. RNA was isolated from tissues and serum using the  
TRIzol RNA isolation kit (Life Technologies, Grand Island, 
NY, USA). RNA reverse transcription (RT) was performed 
using the cDNA reverse transcription system (Promega Corp., 
Madison, WI, USA). An RT-polymerase chain reaction (PCR) 
kit was purchased from Sunshine Biotechnology Co., Ltd., 
Nanjing, China.

RT‑PCR. Breast cancer tissues were collected from 62 patients 
during surgery and analyzed. Cancer tissue (200 µg) was 
homogenized in 1 ml TRIzol solution and RNA was isolated 
according to the manufacturer's instructions. The isolated 
RNA was dissolved in 30 µl of diethylpryocarbonate-treated 
water and quantified using an ultraviolet spectrophotometer 
(One Drop, Nanjing, China). RNA was reverse transcribed into 
cDNA and stored in a freezer at ‑20˚C.

The primer sequences used for Ki‑67 amplification were: 
F: 5'-CGTAGCAGCACAGAAAT-3' and R: 5'-TGA 
TGGTTGAGGTCGTTCCTTGATG-3' (9). U6 was used as an 
internal control, with the following primers: F: 5'-CTCGCT 
TCGGCAGCACA-3' and R: 5'-AACGCTTCACGAATT 
TGCGT-3'. The PCR reaction conditions used were: denatur-
ation at 95˚C for 20 sec, followed by 50 cycles of 60˚C for 
20 sec and 70˚C for 1 sec. RT‑PCR data were analyzed on an 
ABI 7300 RT-PCR system (Applied Biosystems Life 
Technologies, Foster City, CA, USA) and the relative quantita-
tive analysis of gene expression was performed using the 2-ΔΔCt 
method (10).

Immunohistochemical study and evaluation criteria. Breast 
cancer specimens were fixed in 10% formalin for 48 h, 
paraffin‑embedded and cut into 4 µm thin sections for SP 
IHC staining using anti Ki-67 antibody (Beijing Zhongshan 
Golden Bridge Biotechnology Co., Ltd., Beijing, China). 
Phosphate-buffered saline was used as the negative control. 
Ki-67 staining was analyzed under optical microscopy 
(Olympus, Barrington, NJ, USA).

A positive Ki-67 expression was detected in the nuclei of 
tumor cells identified as brown particles. The IHC staining 
result was evaluated based on the extent of staining of tumor 
cells and the intensity of staining reaction. Ki-67-positive 
tumor cells were counted in 10 randomly selected high-power 
fields and evaluated according to the following criteria: <5% 
was defined as negative; 5‑25% as +; 25‑50% as ++; 50‑75% 
as +++.

Cell transfection. Knockdown of Ki-67 was performed in the 
human MCF-7 breast cancer cell line through transfection of 
Ki-67 siRNA using Lipofectamine® 2000 transfection reagent 
(Invitrogen Life Technologies, Shanghai, China). Ki-67 siRNA 
sequences used were: 5'‑CCACCAGAGCCAAUAGAUACU 
UCAG-3' and 5'-CUGAAGUAUCUAUUGGCUCUGGUGG 

UGA‑3'. The control sequence was designed as 5'‑UCA 
UAAGUGAUGCUGGAGCTT‑3'. Transfection efficiency was 
evaluated using RT-PCR.

Cell invasion assay. Transfected MCF-7 cells in the loga-
rithmic phase were suspended in solution and cell density was 
adjusted to 3-5xl05/ml. Cell suspensions were seeded in the 
upper chamber of transwell at a concentration of 0.1 ml/well, 
and 1 ml culture medium containing 10% serum was plated in 
the bottom chamber. After 24 h culture, transwell chambers 
were retrieved and the upper layer of the culture media were 
aspirated to terminate the assay. The cells were air-dried at 

Figure 1. The expression level of Ki-67 mRNA in tissues of breast cancer 
patients (***vs. control group, t=18.41, P<0.001).

Table I. Association between Ki-67 expression and TNM 
staging of breast cancer.

 Ki-67 level, no.
 ------------------------------------
Pathological stage + ++ +++ r P-value

Ⅰ 2 3 6 0.589 0.004
Ⅱ 4 6 10  
Ⅲ 7 10 14  

Table II. Correlation of Ki-67 expression in breast cancer with 
tumor size and lymphatic metastasis.

 Ki-67 level, no.
 ---------------------------------
Clinical features of cancer + ++ +++ r P-value

Tumor size    0.452 0.016
  T1 (T≤2 cm) 1 2 6  
  T2 (2<T<5 cm) 5 7 10  
  T3 (T≥5 cm) 5 12 14  
Lymphatic metastasis    0.331 0.021
  N1 (1-3) 2 2 5  
  N2 (4-9) 5 8 8  
  N3 (>9) 8 8 12  
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room temperature (20˚C), fixed in ethanol and stained using 
0.1% crystal violet for 30 min at room temperature. Cells 
that migrated to the bottom chamber were analyzed under an 
inverted microscope (Olympus) and the cells in the bottom 
chamber were counted in five randomly selected fields.

Cell proliferation assay. Transfected MCF-7 cells at 0, 
24, 48 and 72 h post-transfection were plated in a mixture 
of Dulbecco's modified Eagle's medium (Invitrogen Life 
Technologies). The cell counting kit-8 assay (Beyotime, 
Wuhan, China) was used at a volume ratio of 1:10. The 
optical density values of samples were measured using a 
spectrophotometer at 450 nm to generate the growth curve 
of cells.

Statistical analysis. Statistical analysis was performed 
using SPSS software version 17.0 (SPSS, Inc., Chicago, IL, 
USA). Quantitative data were presented as mean ± standard 
deviation. Differences between groups were analyzed using 
independent samples t-test. The correlation between Ki-67 
and tumor pathology was analyzed using the Spearman rank 
correlation test. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Increase in Ki‑67 levels in the serum and tissues of breast 
cancer patients. Compared with the control group, Ki-67 
mRNA expression was significantly increased in tissues of 
breast cancer patients, indicating an association of Ki-67 in 
the progression of breast cancer. The high expression of Ki-67 
may be correlated with the invasion and metastasis of breast 
cancer, suggesting a poor prognosis (Fig. 1).

Ki‑67 expression in breast cancer tissues with different 
histopathological characteristics. According to TNM clas-
sification systems in the 7th edition (2010) of the cancer 
staging manual of the American Joint Committee on Cancer, 
11 (17.7%) patients were classified as stage I, 20 (32.3%) as 
stage II and 31 (50.0%) as stage III. The level of Ki-67 expres-
sion was positively associated with TNM stages (r=0.589, 
P<0.01) (Table I). The Spearman correlation analysis showed 
that Ki-67 expression levels in breast cancer tissues were 

positively associated with tumor size and the number of meta-
static lymph nodes (Table II).

Correlation of low expression of Ki‑67 with breast cancer 
staging. Ki-67 expression was reduced by the knockdown 
of Ki-67 in the human MCF-7 breast cancer cell line in an 
effort to examine the mechanism by which Ki‑67 influences 
breast cancer. The results demonstrated that Ki-67 mRNA 
expression was significantly reduced in MCF-7 cells 48 h 
after transfection (Fig. 2A). Compared to the control group, 
cell proliferation activity was significantly decreased in breast 
cancer cells with low expression of Ki-67 (P<0.05) (Fig. 2B). 
In addition, cell migration was significantly reduced in breast 
cancer cells with low Ki-67 expression compared to that of 
controls (P<0.05) (Fig. 2C).

Discussion

Breast cancer is one of the most common malignancies 
in middle-aged and elderly women globally, representing 
1.20 million cases per annum in women worldwide (11). In 
some regions of China, breast cancer has become the leading 
cancer in women, causing serious damage to their physical 
and mental health (12). Due to the increase in number of 
breast cancer patients and younger age of patients, increasing 
attention has been paid to the treatment and prognosis of 
breast cancer. In recent years, significant progress has been 
made in the treatment of breast cancer as further basic and 
clinical studies were conducted, and the study on breast 
cancer treatment has become one of the hot topics of cancer 
research (13).

Invasion and migration is the hallmark of malignant tumors 
as well as the major cause for breast cancer death (14,15). 
However, the development details and underlying pathological 
mechanisms remain to be determined. Ki-67, a gene located 
on chromosome 10, can detect a nuclear protein in the nuclear 
matrix of proliferating cells and its function has been shown 
to be associated with mitosis. In particular, closely associated 
with tumor cell proliferation (16-18). Currently, however, 
Ki-67 expression and its function in luminal breast cancer has 
not been completely elucidated.

Results of the present study have shown that Ki-67 mRNA 
expression was significantly higher in tissues of breast cancer 

Figure 2. Effect of low expression of Ki-67 on the proliferation and migration of breast cancer (***vs. control group, P<0.001; **vs. control, P<0.05). 
(A) Knockdown efficiency of Ki‑67. (B) Effect of Ki‑67 knockdown on cell proliferation. (C) Effect of Ki‑67 knockdown on cell migration.
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than that of breast hyperplasia, indicating that Ki-67 is closely 
associated with the pathogenesis and development of breast 
cancer. Warth et al (19) have shown that Ki-67 expression 
is increased in non-small-cell lung cancer and suggested 
that Ki-67 can serve as a predictor for cancer prognosis (19). 
Pollack et al (20) and Khor et al (21) have also shown 
increased Ki-67 expression in prostate cancer. In addition, 
Inwald et al (22) have shown a significantly increased Ki‑67 
expression in breast cancer and suggest its role as a prognostic 
parameter in breast cancer. Taken together, those findings 
corroborate the results of the present study.

Further analysis was performed to investigate the relation-
ship between Ki-67 expression in breast cancer tissues and 
clinicopathological characteristics of the cancer. The results 
revealed that the level of Ki-67 expression in breast cancer 
tissue was positively correlated with the TNM stages of the 
cancer. In addition, the Ki-67 expression level was positively 
correlated with tumor size and the number of metastatic lymph 
nodes. These findings suggest that a high expression of Ki‑67 
plays a central role in the promotion of the pathogenesis and 
development of breast cancer. In addition, Ki-67 plays impor-
tant roles in promoting the genesis and metastasis of breast 
cancer.

The mechanism underlying the tumor-promoting 
function of Ki-67 in breast cancer was further studied by 
reducing Ki-67 expression in the human MCF-7 breast 
cancer cell line. The results demonstrate that the prolifera-
tion activity and migration of cancer cells were reduced in 
breast cancer cells with a low expression of Ki-67, indicating 
that Ki-67 may affect the malignancy of breast cancer cells. 
Zheng et al (23) have revealed that the knockdown of Ki-67 
in renal carcinoma cells significantly inhibits cancer cell 
proliferation and promotes cell apoptosis, thereby indicating 
that Ki-67 may be involved in the progression of renal carci-
noma by influencing the growth and apoptosis of the cancer 
cells. Furthermore, the knockdown of Ki-67 in bladder 
cancer cells has been shown to inhibit tumor growth (24). 
Taken together, the results of the present study were 
corroborated with those findings, which suggest that inter-
ference with Ki-67 expression is involved in the progression 
of breast cancer probably by affecting the proliferation and 
migration of cancer cells.

In summary, a high expression of Ki-67 is important in 
the genesis and development of breast cancer, possibly by 
influencing the proliferation and migration of cancer cells. 
Detection and interference of Ki-67 have a certain implication 
for guiding the treatment and prognosis of breast cancer in 
clinical practice.
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