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Introduction 

The process of tumor angiogenesis in tumor growth and 
metastasis, which ultimately determine the overall survival 
of cancer patients, is complex and essential. Vascular 

targeting agents are now divided into two types, vascular 

disrupting agents (VDAs) and angiogenesis inhibitors (AIs). 

VDAs target the pre-existing tumor vasculature causing 

rapid vascular shutdown leading to cell death and central 
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necrosis (1). AIs prevent the blood vessel formation. 
Combretastatin A4 phosphate (CA4P), a tubulin-binding 

VDA, is a water-soluble prodrug of combretastatin A4 (2).  
CA4P exhibits selective and potent toxicity targeting 
tumor vasculature (2,3). The cutoff of blood and oxygen 
supply collapses the tumor vasculature and thus causes 
hemorrhagic necrosis in tumors (4,5). Active combretastatin 
A4 can be obtained through the hydrolysis of CA4P by 
nonspecific endogenous phosphatases in the plasma (6). The 
tumoricidal effect of CA4P has been evaluated on a wide 
variety of tumor models (7,8). In addition, the therapeutic 
effects of a range of tumor treated by CA4P combined 
with conventional chemotherapy and radiotherapy were  
analyzed (9). It has an acceptable toxicity profile in advanced 
non-small cell lung cancer associated with combination 
therapy of CA4P with carboplatin, paclitaxel, and bevacizumab 
(10). CA4P is currently under investigation in phase II trials 
for the treatment of ovarian, lung, and anaplastic thyroid 
cancer (11,12). Moreover, antitumor effects could be enhanced 
in animals in the combined CA4P and bevacizumab treatment 
and are on the stage of clinical trial evaluation (13,14). Our 
previous study reported that the combination of CA4P and 
Endostar had antitumor synergy in an osteosarcoma xenograft 
and were comparable to adriamycin, the current gold standard 
of osteosarcoma chemotherapy (15).

Angiogenesis plays a key role in tumor growth and 
metastasis (16,17). Therefore, anti-angiogenesis therapy has 
become a vital part of therapeutic strategy. Endostar is a 
kind of anti-angiogenesis agent that have a broad spectrum 
of activity against solid tumors and was approved by the 
Chinese State Food and Drug Administration in 2005 as 
a specific drug for the treatment of non-small cell lung  
cancer (18). Endostatin is a 20 kDa endogenous protein proven 
to inhibit tumor growth and angiogenesis in animal models 
(19). Endostar, as a recombinant human endostatin, was shown 
to be a novel anti-angiogenesis agent (20-23) that effectively 
inhibits tumor angiogenesis and endothelial cell proliferation. 
However, similar to most protein-based drugs, Endostar has 
short biological half-life because of rapid metabolism (23).

The main objective of this study aimed to evaluate 
the effect of CA4P in combination with Endostar as a 
potential therapeutic option. Our hypothesis lies in our 
previous published study that the combination of CA4P 
and Endostar had antitumor synergy in osteosarcoma cells. 
Subsequently, our study assessed the effect of CA4P and/
or Endostar on K562, K562/ADR, MNNG/HOS, MCF-7,  
T-47D, HT29 cells. The effect of Endostar showed two basic 
categories: synergistic effect on MNNG/HOS, K562/ADR, 

and T-47D cells and additional effect on HT29, K562, and 
MCF-7 cells. For this purpose, MNNG/HOS cells and HT29 
cells are chosen to further detect apoptosis, necrosis, synergistic 
cytotoxicity, cell cycle block and expression of apoptosis-related 
gene mRNA using different molecular biology techniques under 
the treatment of CA4P and/or Endostar. 

Methods 

Cell lines and reagents

Human osteosarcoma cell line MNNG/HOS, Human colon 
cancer cell line HT29, Human chronic myeloid leukemia cell 
line K562 and K562/ADR, Human breast cancer cell line MCF-
7, Human breast cancer cell line T-47D, were provided by our 
cancer institute. CA4P was kindly provided by Professor Zou, 
School of Pharmaceutical Sciences, Sun Yat-sen University. 
Endostar was provided by the Shandong Simcere Medgenn Bio-
Pharmaceutical Co., Ltd., Nanjing, China.

Cell culture

Human osteosarcoma cell line MNNG/HOS were cultured 
in Eagle’s Minimal Essential Medium (EMEM) medium 
(GIBCO-BRL, NY, USA). Human breast cancer cell line 
T-47D were cultured in DMEM medium (GIBCO-BRL, 
NY, USA). Other cell lines were cultured in RPMI-1640 
medium (GIBCO-BRL, NY, USA). Drug-resistant cell K562/
ADR with high expression of P-gp were cultured in medium 
containing 200 ng/mL adriamycin to maintain drug resistance. 
And drug-resistant cell lines entered to the withdrawal a week 
before detection of drug-resistant and then were cultured in 
RPMI-1640 medium. All kinds of cell lines were cultured in 
medium containing 10% fetal calf serum and 1:100 penicillin 
and streptomycin in an incubator (37 ℃, 5% CO2). Cells were 
passaged in a 1–3 ratio to a 1–5 ratio every 2 to 3 days.

MTT assay

MTT assay was used to assess the effect of CA4P and/or 
Endostar on cell proliferation. Briefly, cells were seeded 
in 96-well plates adding corresponding drugs for different 
periods of time (12, 24, 48, and 72 h). Then cells were 
incubated at 37 ℃ with 20 uL of MTT (5 mg/mL) each 
well for 4 h and then centrifuged and the supernate was 
discarded. The cells were replenished with 120 μL dimethyl 
sulfoxide (DMSO) per hole, after which the absorbance 
at 570 nm was measured using a microplate reader (Bio-
Tek Instruments, Inc., USA). The above experimental 
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procedures were repeated three times. The cell viability rate 
was calculated by using the following formula: cell viability 
rate (%) = (OD value after adding with drugs − OD value 
of the blank)/(OD value of the contrast − OD value of the 
blank) ×100%. Cell inhibition rate (%) = 1 − cell viability 
rate(%). The drug concentrations and the cell inhibition 
rate were drawn using GraphPad Prism 5 software.

Cell cycle and apoptosis analysis 

Cells (1×106) were washed by phosphate-buffered saline 
(PBS) twice and Immobilized with 70% cool ethanol at  
4 ℃ 24 h after the addition of CA4P and/or Endostar, after 
which they were dyed with Annexin V and propidium iodide 
(PI). Cell cycle was measured using flow cytometry and ModFit 
3.0 software. The percentage of apoptotic cells was measured by 
applying the criteria of Annexin V-positivity and PI-negativity, 
while the percentage of late apoptotic cells was determined by 
applying the criteria of Annexin V-positivity and PI-positivity.

Quantitative reverse transcription polymerase chain 
reaction (qRT-PCR) analysis 

Total cellular RNA was obtained using Trizol reagent 
(Invitrogen, USA). Complementary DNA (cDNA) was 
synthesized from 2 μg of total RNA using M-MLV reverse 

transcriptase (Promega, USA). qRT-PCR was performed 
using StepOnePlus™ Real-Time PCR Systems (Biosystems, 
UK) with SYBR Green PCR Master Mix (Biosystems, 
USA). The PCR reaction system consisted of 0.25 μL of 
Taq enzyme (Dalian Takara Biomedical Technology Co., 
Ltd., China), 1 μL of each primer, 1 μL of cDNA template, 
5 μL of 10× buffer, 4 μL of dNTP and 37.75 μL of ddH2O. 
The primer sequences are listed in Table 1.

Statistical analysis

The data of non-normal distribution were obtained using 
ANOVA with Tukey’s test as post-test and t-test. The data 
of normal distribution were obtained with nonparametric 
Kruskal Wallis test. The results were expressed as mean 
± standard deviation (SD). P value of less than 0.05 was 
considered to be a significant. Statistical analyses were 
carried out in SPSS (version 16.0). Graphical analysis was 
performed using GraphPad Prism 5.

Results

Effect of CA4P or Endostar on six cell lines

The growth inhibition under the effects of CA4P and/or 
Endostar was assessed using six cell lines, namely, K562, K562/
ADR, MNNG/HOS, MCF-7, T-47D, HT29 cells. The 
IC50 of CA4P alone on MNNG/HOS cells is 8.72×10−3 μM.  
Whereas the IC50 of CA4P combined with Endostar is non-
detected. It indicates that the combination of Endostar and 
CA4P has the effect of synergistic cytotoxicity on MNNG/
HOS cells and is not limited to anti-angiogenic effects. It 
demonstrates that Endostar and CA4P synergistically interact 
against both K562/ADR and T-47D cells alike. In contrast, 
the IC50 of CA4P alone on HT29 cells is 5.86 μM, whereas 
the IC50 of combined Endostar and CA4P on HT29 cells 
is 1.34 μM. It demonstrates that Endostar and CA4P have 
superimposed cytotoxic effect on HT29 cells. Likewise, 
K562, and MCF-7 cells remains the same (Figure 1A).  
The inhibition rate of Endostar alone on six kinds of cells 
are so extremely low that the inhibition rate is under 30% 
with the Endostar maximum concentration of 1 mg/mL  
(Figure 1B). So MNNG/HOS cells and HT29 cells are 
chosen for further study. 

Effect of CA4P and/or Endostar on MNNG/HOS and 
HT29 cell cycle 

CA4P alone induced G2/M phase arrest on MNNG/HOS 

Table 1 The primers sequences

Name Sequence of primers 

Caspase 3 GACAGACAGTGGTGTTGATGATGAC

GCATGGCACAAAGCGACTGGAT

Caspase 8 GCTGGAGTGCAGTGGCGTGAT

GGGAGGCTGAGGCAGGAGAA

Caspase 9 GCGAACTAACAGGCAAGCAGCAA

CTCAAGAGCACCGACATCACCAAA

Bax CCCTTTTGCTTCAGGGTTTCATCCA

CTTGAGACACTCGCTCAGCTTCTTG

Bcl-2 CGCCCTGTGGATGACTGAGTA

GGGCCGTACAGTTCCACAAAG

β-actin CCGTCTTCCCCTCCACCTCG

GGTCCCAGTTGGTGACGATGC

Primers were designed by Prism 5 software and synthesized by 
the Shanghai Biological Engineering Technology Service Ltd., 
Shanghai, China.
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cells. There was a predominant increase in the blockage 
at the G2/M phase of MNNG/HOS cell cycle with the 
concentration of CA4P increasing (Figure 2A). CA4P alone 
induced G2/M phase arrest on HT29 cells. Endostar alone 
has no significant G2/M-phase block on HT29 cells. CA4P 
and Endostar affect percentage of HT29 cells in G2/M 
phase, although nonsignificant (Figure 2B).

Effect of CA4P and/or Endostar on MNNG/HOS and 
HT29 cells apoptosis

CA4P alone increased early apoptotic and late apoptotic/
necrotic MNNG/HOS cells compared with the controls. 

Percentages of apoptotic and necrotic MNNG/HOS 
cells was increased with the concentration of CA4P 
increasing (Figure 3A). Endostar alone has no significantly 
increased apoptotic and necrotic effect on HT29 cells. The 
percentage of apoptosis and necrosis in HT29 cells induced 
by CA4P and Endostar is higher compared with the CA4P 
alone (Figure 3B).

Expression of apoptosis-related gene-mRNA

To determine expression of apoptosis-related gene-mRNA 
on HT29 cell, mRNA levels of caspase 3, caspase 8, caspase 
9, Bcl-2, and Bax were detected after exposure to CA4P 

Figure 1 Effect of CA4P or Endostar on six cell lines. (A) Inhibition of gradient concentration of CA4P and/or Endostar on six kinds of 
cells (K562, K562/ADR, MNNG/HOS, MCF-7, T-47D, HT29 cells); (B) inhibition of gradient concentration of Endostar on six kinds of 
cells (K562, K562/ADR, MNNG/HOS, MCF-7, T-47D, HT29 cells). CA4P, combretastatin A4 phosphate. 

A

B
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Figure 2 Effect of CA4P and/or Endostar on MNNG/HOS and HT29 cell cycle. (A) MNNG/HOS cell cycle detecting exposure to CA4P 
alone (final concentration: 1, 5, 7.5, 10, 15 μM); (B) HT29 cell cycle detecting exposure to CA4P (final concentration: 5, 10, 20, 40 μM) and/
or Endostar (final concentration: 0.004, 0.02, 0.1, 0.5 mg/mL). CA4P, combretastatin A4 phosphate. 

A

B

A

B
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Figure 3 Effect of CA4P and/or Endostar on MNNG/HOS and HT29 cells apoptosis. (A) Annexin V/PI staining was used to detect 
MNNG/HOS cell apoptosis following exposure to CA4P alone (final concentration: 0.05, 0.1, 0.5 μM). (B) annexin V/PI staining was used 
to detect HT29 cell apoptosis following exposure to CA4P (final concentration: 5, 10, 20, 40 μM) and/or Endostar (final concentration: 0.004, 
0.02, 0.1, 0.5 mg/mL). CA4P, combretastatin A4 phosphate; PI, propidium iodide.

A

B

A

B
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and/or Endostar. mRNA levels of caspase 3, caspase 8, 
caspase 9 and Bax were increased in HT29 cells exposed 
to CA4P alone compared with the (untreated) controls. 
Besides, caspase 3, caspase 8, caspase 9 and Bax mRNA 
expression following exposure to CA4P and Endostar was 
up-regulated significantly compared with the treatment 
of CA4P alone. Although CA4P and/or Endostar down-
regulated expressions of Bcl-2, only the treatment of CA4P 
and Endostar remained statistically significant (Figure 4).

Discussion 

Our results indicated that the combination of Endostar and 
CA4P has the effect of synergistic cytotoxicity and is not 
limited to anti-angiogenic effects. In the present study, the cell 
growth inhibition was evaluated under the effects of CA4P 
and/or Endostar, using six kinds of cells, namely, K562, K562/
ADR, MNNG/HOS, MCF-7, T-47D, HT29 cells. 

In general, the IC50 values obtained with the combination 
of CA4P and Endostar were lower than IC50 values obtained 
with CA4P alone. MTT assay data have shown that the cells 
could be classified into two groups according to the response 
to the combination of the two drugs. Group one, including 
MNNG/HOS, K562/ADR, and T-47D cells, shows that 
combined Endostar and CA4P have a synergistic effect 
compared with the CA4P alone. Group two, including HT29, 

K562, and MCF-7 cells, shows that Endostar in combination 
of CA4P only have an additional effect compared with 
the CA4P alone. Results indicate that Endostar exhibited 
selective cytotoxicity to CA4P cells. Understanding the 
synergistic cytotoxicity of the combination of Endostar 
and CA4P on tumor cells is needed (24,25). Exploring the 
mechanisms of synergistic effect is helpful in guiding the 
selection of populations that will greatly benefit from the 
combined treatment of Endostar and CA4P. 

Endostar, as a short peptide of collagen XVIII C-terminal, 
has proliferation inhibition, migration, and apoptotic 
induction effect on vascular endothelial cells. However, no 
study explored the effect of Endostar on tumor cells because 
its mechanisms are extremely complex (25,26). Endostar can 
widely affect gene expression in vascular endothelial cells 
and protein phosphorylation according to the study of gene 
expression profiles. For example, the down-regulation of 
Bcl-2, Cyclin D, and c-Myc occurs in the phosphorylation 
of Cyclin B. By contrast, the cytotoxicity of CA4P is strong, 
and its anti-tumor mechanism is evident. As previously 
stated, CA4P, as a microtubule-targeting drug, can 
accelerate microtubule depolymerization. The mechanism 
of all microtubule-targeting drugs is the disruption of 
microtubule functions, which can cause mitotic catastrophe 
and cell apoptosis. Microtubule-targeting drugs hinders 
sister chromatid exchange by activating a spindle assembly 

Figure 4 Relative mRNA expression (mRNA/GAPDH) of caspase 3, caspase 8, caspase 9, Bcl-2, and Bax. (A) Caspase 3/GAPDH; (B) 
caspase 8/GAPDH; (C) caspase 9/GAPDH; (D) Bax/GAPDH; (E) Bcl-2/GAPDH. *, significantly different from the control group (P<0.05). 
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checkpoint during the procedure of abnormal mitosis. The 
degradation of Cyclin B is then suppressed by promoting 
compound at the anaphase stage of mitosis APC/C. The 
high concentration of Cyclin B protein stops the M phase 
and blocks mitosis. The up-regulation of the expression 
of myeloid cell leukemia sequence 1 (Mcl-1) protein 
from the Bcl-2 family can protect cells from apoptosis 
and provide more time for fixing the wrong assembly of  
chromosomes (27). The fate of cells depends on randomized 
competitive result of Cyclin B protein and Mcl-1 protein 
without external interference (27-30). Whether the cells 
continue staying in the M phase or apoptosis depends on 
the degradation speed and relative amounts of Cyclin B and 
Mcl-1 protein when the wrong assembly of chromosome 
becomes irreparable. Cells either die in mitosis via apoptosis, 
or exit mitosis via replication slippage and survive, at which 
the concentration of Cyclin B protein is lower than the  
threshold (27). Endogenetic apoptosis, which results in 
mitotic catastrophe, occurs when Mcl-1 protein fails to 
inhibit the apoptosis threshold of Bak and Bax (27). 

The underlying mechanisms of synergistic effect of 
Endostar and CA4P are poorly understood. On the basis of 
the above analysis, Endostar was speculated to change the 
balance of randomized competitive model during mitosis. 
It may render cells more susceptible to apoptosis. First, 
Endostar may cause synergistic effect with CA4P during 
endogenetic apoptosis and directly influence CA4P to induce 
cell apoptosis. Second, Endostar may disturb the function of 
Cyclin B during the upstream of mitotic catastrophe, known 
as the block of mitosis. Finally, Endostar may arrest cell cycle 
progression in the M phase and increase the risk of apoptosis.

Conclusions

In summary, the combination of Endostar and CA4P appears 
hopeful and synergistic cytotoxicity in vitro study, although 
relative mechanisms need further study. This combined 
approach may provide a useful insight into exploration that 
can enhance the effect Endostar in combination with other 
traditional microtubule-targeting drugs, such as Paclitaxel 
and vinblastinum. Moreover, Endostar can be new approach 
for overcoming drug resistance induced by microtubule-
targeting drugs and reducing treatment dose. 
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