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ABSTRACT. Tumors, especially neuroendocrine tumors (NETs), can 
cause adverse effects on human health. The expression and significance 
of Ki-67 and caspase-3 in NET remain to be further explored. Everolimus 
is an important drug used for the treatment of NETs. In this study, we 
aimed to investigate whether everolimus exerts anti-tumor effects by 
suppressing the expression of Ki-67 and caspase-3 in NET. Tumor 
(different developmental stages) and adjacent tissues were collected 
from patients with NET. The expression of Ki-67 and caspase-3 were 
detected in 244 paraffin sections of NET using immunohistochemistry. 
RT-PCR and western blot were used to detect the expression of Ki-67 
and caspase-3 at mRNA and protein levels, respectively. The patients 
(N = 244) were randomly divided into everolimus-intervention and 
control groups. RT-PCR and western blot were used to measure the 
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expression changes of Ki-67 and caspase-3 before and after everolimus 
treatment. The rates of Ki-67 expression in NET grades 1-6 were 14.2, 
22.1, 37.5, 59.9, 69.9, and 77.8%, respectively. The difference between 
the groups was significant. The rates of caspase-3 expression in NET 
grades 1-6 were 28.6, 33.3, 31.3, 60.0, 80.0, and 88.9%, respectively, 
and the difference between groups was significant. Moreover, the 
expression of Ki-67 and caspase-3 showed a significant negative 
correlation. The expression of Ki-67 decreased while that of caspase-3 
increased after everolimus treatment. In conclusion, the decrease in Ki-
67 expression and increase in caspase-3 expression after everolimus 
treatment indicated that everolimus exerted its anti-cancer effect by 
regulating the expression of Ki-67 and caspase-3.
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INTRODUCTION

Neuroendocrine tumor (NET), a rare tumor arising from the cells of nervous system, 
accounts for about 3-5% of all nervous system tumors. NET can be divided into different 
developmental phases according to the type, amount of hormone secreted, and clinical pathology 
of patients (Phan, 2015). At different stages of development, NET tissues or cells express specific 
proteins, for example, molecules involved in multiple physiological processes such as caspase-3 
and Ki-67, cyclins, and signaling molecules such as mechanistic target of rapamycin (mTOR). 
These molecules are often used for the diagnosis, treatment, and prognosis of NET (Grandhi 
et al., 2015; Cloyd and Poultsides, 2015). However, the expression of caspase-3 and Ki-67 at 
different stages of NET development has yet to be explored (Strosberg et al., 2015a).

The commonly used treatments for NET are radical surgery and cytoreductive surgery 
(Schneider et al., 2015). Although surgery plays an important role in the treatment of NET, 
metastases were found in most patients with NET, indicating that these patients lost the best 
timing of surgical treatment (Jiménez-Fonseca et al., 2015; Sugimoto et al., 2015). For NET 
patients with metastases, chemotherapy is one of the most important treatment approaches 
for controlling tumor development and clinical symptoms (Claringbold and Turner, 2015). 
The most commonly used chemotherapy drugs are everolimus, cisplatin, nimustine, and 
carmustine (Capozzi et al., 2015; Nahmias et al., 2015).

Everolimus, an important drug in the treatment of cancer, inhibits mechanistic target of 
rapamycin (mTOR), which is a serine/threonine kinase widely present in various types of cells 
with highly conserved protein structures (Ortolani et al., 2015; Filosso et al., 2015). Everolimus is 
used as an mTOR inhibitor for basic research. Clinically, everolimus is approved by FDA for the 
prevention of immunological rejection in heart and kidney transplant patients. In addition, it has 
been used to treat pancreatic NET and renal carcinoma in recent years (Panzuto et al., 2015; Dasari 
et al., 2015). Its outstanding features are effective targeting property, specific killing of tumor cells 
with minimal side effects, and fewer clinical complications (Bilici, 2015). Studies have found 
that everolimus might have many antitumor activities, such as vascular protective, antiviral, and 
immune-boosting effects (Weber, 2014; Anthony et al., 2015). However, the molecular mechanism 
underlying the anti-cancer effect of everolimus in NET remains to be elucidated.
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Nuclear-associated antigen Ki-67 is an important cell proliferation-associated nuclear 
antigen (Strosberg et al., 2015b). It is believed that the occurrence of cancer is closely related 
to cellular hyperproliferation. Hyperproliferation of malignant tumor cells leads to tumor 
over-growth and progression (Pusceddu et al., 2014). As executors of apoptosis, caspase-3 
mediates both mitochondrial and death receptor pathways of apoptosis (Abdel-Rahman and 
Fouad, 2015). The reduction of tumor cell apoptosis is another important feature of caspase-3 
(Hobday et al., 2015). However, the expression profiles of Ki-67 and caspase-3 at different 
developmental stages of NETs remain poorly understood.

In this study, the expression levels of Ki-67 and caspase-3 were measured using 
immunohistochemistry, RT-PCR, and western blotting. In addition, the anti-tumor effect of 
everolimus through the regulation of Ki-67 and caspase-3 expression was investigated.

MATERIAL AND METHODS

Materials

Mouse anti-Human Ki-67 and mouse anti-Human caspase-3 monoclonal antibodies 
were purchased from Sigma (St. Louis, MO, USA). Immunohistochemistry Streptavidin-
Peroxidase (S-P) kit was purchased from DingGuo Biotechnology. Co., Ltd. (Beijing, China). 
DAB (3,3-diaminobenzidine) chromogenic enzyme substrate kit was purchased from TianGen 
Biotech Co. Ltd. (Beijing, China). Real-time polymerase chain reaction (RT-PCR) kit was 
purchased from Beyotime Biotechnology Co. Ltd. (Nantong, Jiangsu, China). All other 
reagents were purchased from DingGuo Biotechnology (Beijing, China).

Sampling of NET subjects

Two hundred forty-four patients with NET admitted in our hospital from August 2011 
to August 2015 were included in this study. These patients (N = 244) were randomly divided 
into control (no everolimus treatment) and everolimus groups prior to surgery. All patients 
received a diagnosis of NET by clinical pathology. Inclusion and exclusion criteria similar to 
previous studies were followed (Lombard-Bohas et al., 2015; Yao et al., 2015). All patients 
have intact clinical data.

The subjects included 112 men and 132 women aged 20-80 years, with a mean age 
of 47.5. According to the NET 5-grade criteria published by the World Health Organization 
in 2014 (Mitsuyama et al., 2015), 28 patients were grade one, 36 grade two, 64 grade three, 
40 grade four, 40 grade 5, and 36 grade 6. Grade 1-3 was defined as low level of NETs and 
grand 4-6 was defined as high level of NETs. This study was approved by the Medical Ethics 
Committee of the First Affiliated Hospital of Soochow University. Informed consents were 
obtained from all participants prior to the study.

Immunohistochemistry

Streptavidin-peroxidase (SP) method was used for immunohistochemical staining and 
analysis (Valle et al., 2014). Briefly, NET and control tissues were embedded in paraffin, 
conventionally sliced, dewaxed with xylene, and hydrated with different concentrations of 
ethanol. Endogenous peroxidase was blocked in 5% H2O2 at room temperature for 8 min, 
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followed by washing with PBS three times. The slices were then incubated with mouse anti-
Human Ki-67 and mouse anti-Human caspase-3 primary antibodies (1: 1000 dilution) at 25°C 
for 2 h, followed by washing with PBS three times. Subsequently, the slices were incubated 
with goat anti-mouse secondary antibodies at room temperature for 1 h, washed with PBS 
three times, followed by incubation with DAB reagent for 8 min at room temperature. After 
termination of the reaction, the slices were stained with hematoxylin, followed by conventional 
dehydration and transparency, and neutral resin mounting. For negative control, PBS was used 
instead of primary antibody. Breast cancer tissue sections were used as positive controls.

Interpretation of immunohistochemistry results

Immunohistochemistry results were read by three independent pathologists in a 
double-blind fashion (Yoshizawa et al., 2014). The staining intensity was scored as follows: 
colorless, 0; yellow, 1; brown, 2; and tan, 3. The percentage of positive cells was scored as 
follows: negative, 0; ≤10% positive cells, 1; 11 to 50% positive cells, 2; 51 to 75% positive 
cells, 3; >75% positive cells, 4. If the product of the percentage of positive cells and staining 
intensity was greater than 3, then the case was defined as immunoreactive positive. Each 
sample had three repeats. Three homogeneously staining regions were randomly selected from 
each slice to observe and calculate the percentage of positive staining cells. Ki-67 positive 
staining showed purple or brownish purple granules in the nucleus. Caspase-3 positive staining 
showed red or purple granules in the nucleus or cytoplasm.

RT-PCR

Total RNA from NET and control tissues was extracted and RT-PCR was performed 
according to the kit instructions (Panzuto et al., 2014). The primer sequences for Ki-67, actin, 
and caspase-3 were: 5'TAAATGTCATGTAAGTAACAGACAGAACA3'/5'TGTCAACAGA
TAAGTAAATGATCAGAACA3'; 5'GACCAACACCTTACAGTTCTAATGCCCCA3'/5'CT
ACAGTGACTTCCAACACTAATGCCCCA3'; 5'TTACAGTGAACACCTCTACCAATGC
CCCA3'/5'TCCGTGAAAACACTAATCACCTTGCCCCA3'.

The PCR reaction system was as follows: 1 mL cDNA solution, 2 mL 10X PCR Buffer, 
2 mL dNTP Mixture (2 mM), 1 mL primer 1 (10 mM), 1 mL primer 2 (10 mM), 1 mL Taq DNA 
Polymerase, 1 mL MgCl2 (25 mM), and 14 mL H2O. PCR was performed as follows: 95°C for 
5 min, followed by 30 cycles of 95°C for 60 s, 56°C for 30 s, an extension of 72°C for 60 s and 
final extension of 72°C for 10 min.

BandScan 560 software was used to quantify the electrophoretic bands. All genes 
were independently measured three times, and the average value was used as the final value. 
The band density ratios of target genes Ki-67 or caspase-3 to the internal control gene b-actin 
were defined as the relative expression of Ki-67 and caspase-3.

Western blot analysis

Proteins were extracted from NET and control tissues, and their levels were measured 
by western blot analysis (Ohki et al., 2014). The protein samples were used for Sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and western blotting. The membranes 
were incubated with anti-Ki-67 antibody (1:1000 dilution), anti-caspase-3 antibody (1:1000 
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dilution), and anti-actin antibody (1:1000 dilution) for 2 h at 25°C. The membranes were 
then washed and incubated with anti-mouse secondary antibody for 1 h at room temperature, 
followed by developing and fixing.

BandScan 560 software was used to quantify the protein bands. All proteins were 
independently measured three times, and the average value was used as the final value. The 
band density ratios of target proteins Ki-67 or caspase-3 to the loading control protein b-actin 
were defined as the relative expression of Ki-67 and caspase-3.

Statistical analysis

SPSS 13.0 software was used for data analysis and statistics. The data are reported as 
means ± standard deviation (SD). Chi-square test and Spearman rank-order correlation were 
used for correlation analysis. P < 0.05 was considered statistically significant.

RESULTS

Ki-67 expression levels in NETs

The result of immunohistochemistry of Ki-67 in NET and control tissues is shown in 
Figure 1. Positive staining of Ki-67 showed purple or brown-purple granules. Results indicated 
that Ki-67 was highly expressed in the nuclei of the epithelial cells of NET tissue.

Figure 1. Immunohistochemistry staining of Ki-67 in NET tissues (A) and para-carcinoma tissue (B). Positive 
staining of Ki-67 showed purple or brown-purple granules. This case was grade four. Arrows indicate positive 
staining of nuclei.
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Ki-67 expression levels in all NET grades are shown in Table 1. The rates of Ki-67 
expression in NET grades 1-6 were 14.2, 22.2, 37.5, 60.0, 70.0, and 77.8%, respectively. The 
difference between the groups was significant (c2 = 10.6, P < 0.05, Table 2).

Table 1. Ki-67 expression in all grades of NETs.

NET grades Cases (N) Ki-67 2 P 
Negative (N) Positive (N) Ratio (%) 

1 28 24 4 14.2 11.1 0.026 
2 36 28 8 22.2 
3 64 40 24 37.5 
4 40 16 24 60.0 
5 40 12 28 70.0 
6 36 8 28 77.8 
 

Table 2. Ki-67 expression in low-level (grades 1-3) and high-level (grades 4-6) NETs.

NET grades Cases (N) Ki-67 2 
 

P 
 Negative (N) Positive (N) 

Low-level (1,2,3) 128 92 36 10.6 0.002 
High-level (4,5,6) 116 36 80 
 
Caspase-3 expression levels in NETs

The result of immunohistochemistry of caspase-3 is shown in Figure 2. Positive 
staining of caspase-3 showed red or purple granules. The results indicated that caspase-3 was 
primarily expressed in the cytosol.

Figure 2. Immunohistochemistry staining of caspase-3 in NET tissues (A) and para-carcinoma tissue (B). Positive 
staining of caspase-3 showed red or purple granules. This case was grade four. Arrows indicate positive staining of nuclei.
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The expression levels of caspase-3 in all grades of NETs are shown in Table 3. The rates of 
caspase-3 expression in NET grades 1-6 were 28.6, 33.3, 31.3, 60.0, 80.0, and 88.9%, respectively. 
The difference between the groups was significant (c2 = 11.2, P < 0.05, Tables 3 and 4).

Table 3. Caspase-3 expression in all grades of NETs.

NET grades Cases (N) Caspase-3  2 P 
Negative (N) Positive (N) Ratio (%) 

1 28 20 8 28.6 12.9 0.007 
2 36 24 12 33.3 
3 64 44 20 31.3 
4 40 16 24 60.0 
5 40 8 32 80.0 
6 36 4 32 88.9 
 

Table 4. Caspase-3 expression in low-level (grades 1-3) and high-level (grades 4-6) NETs.

NET grades Cases (N) Ki-67 2 
 

P 
 Negative (N) Positive (N) 

Low-level (1,2,3) 128 88 40 11.2 0.0016 
High-level (4,5,6) 116 28 88 
 

Correlation of Ki-67 and caspase-3 in NETs

Ki-67 and caspase-3 represent the extent of cell proliferation and apoptosis, 
respectively. The correlation of Ki-67 and caspase-3 expression in NET was analyzed. No 
significant correlation was found in low-level NETs (Table 5). However, in high-level NETs, 
the correlation coefficient of Ki-67 and caspase-3 was significant (Table 6).

Table 5. Correlation of Ki-67 and caspase-3 in low-level NETs.

Ki-67 Cases (N) Caspase-3 R 
 

P 
 Negative (N) Positive (N) 

Negative 92 60 32 -0.113 0.0016 
Positive 36 28 8 
 

Table 6. Correlation of Ki-67 and caspase-3 in high-level NETs.

Ki-67 Cases (N) Caspase-3 R 
 

P 
 Negative (N) Positive (N) 

Negative 36 20 16 0.484 0.006 
Positive 80 8 72 
 

Expression of Ki-67 and caspase-3 in NETs

RT-PCR and western blotting were used to measure the expression of Ki-67 and 
caspase-3 in NET and para-carcinoma tissue. The expression level of Ki-67 in NET was much 
higher than that of para-carcinoma tissue (Figure 3). In contrast, the expression of caspase-3 
in NETs was at much lower levels than that of para-carcinoma tissue (Figure 4).
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Expression of Ki-67 and caspase-3 in NETs after everolimus treatment

Everolimus treatment in patients with NET decreased the expression level of Ki-67 
in the NET tissue (Figure 5), but increased the expression of caspase-3 (Figure 6). These data 
suggest that everolimus may exert its anti-tumor effect through the regulation of Ki-67 and 
caspase-3 expression.

Figure 3. Ki-67 expression in NETs and para-carcinoma tissue. A. RT-PCR of Ki-67; B. quantification of band 
density; C. western blot analysis of Ki-67; D. quantification of band density.

Figure 4. Caspase-3 expression in NETs and para-carcinoma tissue. A. RT-PCR of caspase-3; B. quantification of 
band density; C. western blot analysis of caspase-3; D. quantification of band density.
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DISCUSSION

The increase in incidence and mortality of NET owing to the improvement of living 
standards and change of lifestyle has become a serious threat to people’s health (Phan, 2015). 
However, the molecular mechanism underlying the pathogenesis of NET remains to be further 

Figure 5. Expression of Ki-67 in NETs after treatment with everolimus. A. RT-PCR of caspase-3; B. quantification 
of band density; C. western blot analysis of caspase-3; D. quantification of band density.

Figure 6. Expression of caspase-3 in NETs after treatment with everolimus. A. RT-PCR of caspase-3; B. 
quantification of band density; C. western blot analysis of caspase-3; D. quantification of band density.
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explored. Studies showed that the expression of Ki-67 and caspase-3 was closely correlated 
with the occurrence and development of breast (Deniz et al., 2015) and pancreatic cancers 
(Hu et al., 2012). However, the expression profiles and roles of Ki-67 and caspase-3 in NET 
remains poorly understood.

In this study, we first examined the expression levels of Ki-67 and caspase-3 in NET 
and their relationship with NET grades. Secondly, we examined whether everolimus exerted 
its anti-tumor effect through the regulation of Ki-67 and caspase-3 expression in NETs. The 
key observations of the results of this study are as follows: first, along with the development 
of NET, the expression levels of Ki-67 increased, whereas those of caspase-3 decreased. 
Second, the expression levels of Ki-67 and caspase-3 were correlated with the grading of 
NET. This finding was consistent with that of previous studies showing that the expression 
levels of Ki-67 and caspase-3 were correlated with the occurrence and development of cancer 
(Deniz et al., 2015; Hu et al., 2012). Third, the expression levels of Ki-67 decreased and those 
of caspase-3 increased after everolimus treatment. The results of the present study further 
confirmed this concept.

Everolimus is an important drug for the treatment of NET (Anthony et al., 2015). 
The results of this study showed that everolimus treatment decreased the expression of Ki-67, 
whereas the expression of caspase-3 was increased, indicating that everolimus may exert its 
anti-tumor effects by inducing apoptosis of tumor cells. These findings were consistent with 
those of a previous study showing that everolimus induces apoptosis in human nasopharyngeal 
carcinoma cells (Cai et al., 2013).

It is worth to mention that only 244 cases were included in this study. Therefore, it 
would be more informative to expand the sample size to further confirm the conclusions. 
The relationship between prognosis of NET with the expression levels of Ki-67 and 
caspase-3 have not been studied. Therefore, establishing NET animal models or inducing 
overexpression/knockdown of Ki-67 and caspase-3 could help to explore the association 
between Ki-67 and caspase-3 and tumor cell proliferation and apoptosis in vivo. The exact 
mechanism by which Ki-67 and caspase-3 are involved in the pathogenesis of NET was not 
studied in the present study. This is the main limitation of our study and requires further 
investigation.

In short, our study showed that along with the development of NETs, the expression 
of Ki-67 increased, while that of caspase-3 decreased. However, everolimus treatment 
decreased the expression of Ki-67 and increased the expression of caspase-3, suggesting 
that everolimus exerts its anti-tumor effect by regulating the expression levels of Ki-67 and 
caspase-3. In addition, our results suggested that Ki-67 and caspase-3 have a significant 
antagonistic interaction in the occurrence and development of NET, indicating that the 
combined examination of both Ki-67 and caspase-3 in NETs may have a significant effect 
on NET prognosis as reliable biomarkers.
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