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Introduction

Cancer is a leading cause of death worldwide, accounting 
for 7.6 million deaths (around 13% of all deaths) in 2008 (1). 
In the Western world, colorectal cancer is the third most 
commonly diagnosed malignancy in men after prostate and 
lung cancer and in women after breast and lung cancer. It 
is also the second leading cause of cancer-related death for 
both sexes combined. In the United States, an estimated 
142,570 new cases will be diagnosed and 51,370 deaths will 
occur in 2010 (2). Twenty percent of patients have clinical 
evidence of hepatic metastases at diagnosis and about 50% 

of patients will develop liver metastatic disease later (3). 
5-Fluorouracil (5-FU) has been the only treatment for 

disseminated disease for many decades used either alone or 
combined with leucovorin (LV) (4). Recently, irinotecan and 
oxaliplatin have been shown to enhance efficacy of 5-FU/
LV combinations both in terms of response and survival, 
and capecitabine has been demonstrated to be equivalent to 
continuous infusion 5-FU/LV. Two drug regimens containing 
infusional 5-FU/LV or capecitabine together with irinotecan 
or oxaliplatin are now considered as the standard treatment 
of metastatic colorectal cancer patients (5,6).
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Even with the significant improvement in traditional 
chemotherapy, there are remaining limitations with this 
treatment. These drugs carry substantial toxicity, and the 
complete response to these agents is rare. Therefore, several 
novel targets are being investigated both as single agents and 
in combination with chemotherapy to assess the potential 
for increased efficacy. Some of the most promising targets 
include vascular endothelial growth factor (VEGF) (7).

VEGF plays a pivotal role in cancer neoangiogenesis and 
its importance in colorectal cancer growth and development 
has been extensively documented. It is secreted by both 
tumor and normal cells during cancer processes. VEGF 
originating from normal myeloid cells in response to tumor 
stimulation may be essential in tumorigenesis and may reduce 
susceptibility of tumors to standard chemotherapy (8). 

More recently, a new class of agents targeted to VEGF 
has provided further benefit. Currently available targeted 
agents fall into two groups: monoclonal antibodies that bind 
to the ligand or the extracellular domain of a receptor, and 
small-molecule tyrosine kinase (TK) inhibitors that target 
the intracellular part (the TK domain) of a receptor. Both 
groups of targeted agents inhibit the signal transduction 
pathways through TK receptors that are necessary for 
cancer cell growth (9). 

E7080 (lenvatinib) is an orally active inhibitor of multiple 
tyrosine kinases including receptors for growth factors 
with pro-angiogenic properties, such as VEGF, fibroblast 
growth factor (FGF), stem cell factor (SCF) and platelet-
derived growth factor (PDGF) (10). E7080 has effects on 
both VEGF and tyrosine kinase and it’s in vivo antitumor 
activities in small cell lung cancer (SCLC) and breast cancer 
based on angiogenesis inhibition have been demonstrated 
previously (11). Despite the promising results in different 
types of cancers, evaluating the effects of E7080 on 
colorectal cancer remains to be investigated. 

Nitric oxide (NO) is synthesized from L-arginine and 
oxygen by four major isoforms of nitric oxide synthase 
(NOS): neuronal NOS, endothelial NOS (eNOS), 
inducible NOS (iNOS), and mitochondrial NOS. Although 
iNOS is considered as a viable candidate for purposes of 
cancer prevention and treatment, it has been suggested 
that targeting eNOS may also be a viable strategy or at 
least deserves consideration (12). Also genetic comparison 
studies on healthy people and cancer patients have shown 
that gene polymorphisms in eNOS are associated with the 
development of multiple cancers (13). In cell culture models, 
eNOS plays an essential role in endothelial cell proliferation 
and is a central mediator of several endothelium growth 

stimulators, such as VEGF and prostaglandin E2 (PGE2). 
Both molecules activate the phosphatidylinositol 3-kinase 
(PI3K)/Akt pathway and the former (VEGF) increases 
eNOS activity by enhancing eNOS phosphorylation. As 
reviewed by Duda et al., VEGF can also activate eNOS by 
the induction of calcium flux and the recruitment of heat 
shock protein 90 (14).

Although it is well known that N5-(1-iminoethyl)-L-
ornithine dihydrochloride (L-NIO) is a selective eNOS 
inhibitor and it has been shown that L-NIO inhibits the 
proliferative effect of pancreastatin on hepatoma cell via 
eNOS pathway (15), there is few studies demonstrating the 
effects of L-NIO on colorectal cancer.

We hypothesized that modulation of tumor oncogenes 
with multi-directed therapy, in the form of combinatory 
treatment with E7080 and L-NIO, would have improved 
efficacy in angiogenesis and antitumoral effect. Therefore 
we aimed to investigate the effects of these agents on 
colorectal cancer alone and in combination. Our goal is to 
develop more effective treatment strategies for patients with 
colon cancer. 

Materials and methods 

Reagents 

E7080 was purchased from Selleck Chemicals LLC. 
(Boston, USA), and L-NIO was purchased from Sigma-
Aldrich. All medium, solution and enzymes for cell culture 
were purchased from Sigma-Aldrich. 

Cell culture

Human colon adenocarcinoma cells HT29 were purchased 
from the Sap Institute. Cells were multiplied in three 
passages, frozen in aliquots and stored in liquid nitrogen. 
The cells were maintained in Dulbecco’s Modified Eagle 
Medium (DMEM) with phenol red and NaHCO3. 
The culture medium was supplemented with 10% heat 
inactivated fetal bovine serum (FBS), 1% penicilin and 
streptomicin. Cells were grown in T 75 cm2 culture flasks in 
a humidifed atmosphere containing 5% CO2 at 37 ℃.

Instrumentation

xCELLigence system
The xCELLigence system was used according to the 
instructions of the supplier (Roche Applied Science and 
ACEA Biosciences) (16). The core of the xCELLigence 
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system is the E-plate 16: this is a single use, disposable 
device used for performing cell-based assays on the 
RTCA DP instrument, which has similar application 
like commonly used 96-well microtiter plate. However 
the E-plate 16 differs from standard 96-well microtiter 
plates vastly with its incorporated gold cell sensor arrays 
in the bottom, which contributes cells in-side each well 
to be monitored and assayed. The E-plate 16 has a low 
evaporation lid design: the bottom diameter of each 
well is 5.0±0.05 mm; with a total volume of 210±5 µL, 
approximately 80% of the bottom areas of each well is 
covered by the circle-on-line-electrodes, which is designed 
to be used in an environment of 15 to 40 ℃, relative 
humidity 98% maximum without condensation. The 
electronic impedance of sensor electrodes is measured to 
allow monitoring and detection of physiological changes 
of the cells on the electrodes. The voltage applied to the 
electrodes during RTCA measurement is about 20 mV 
(RMS). The impedance measured between electrodes in 
an individual well depends on electrode geometry, ion 
concentration in the well and whether cells are attached 
to the electrodes or not. In the absence of cells, electrode 
impedance is mainly determined by the ion environment 
both at the electrode/solution interface and in the bulk 
solution. In the presence of cells, cells attached to the 
electrode sensor surfaces will act as insulators and thereby 
alter the local ion environment at the electrode/solution 
interface, leading to an increase in impedance. Thus, the 
more cells that are growing on the electrodes, the larger 
the value of electrode impedance. The RTCA associated 
software allows users to obtain parameters such as: average 
value, maximum and minimum values, standard deviation, 
half maximum effect of concentration (EC50), half maximum 
inhibition of concentration (IC50), cell index (CI), and in 
addition graphics. The data expressed in CI unit scan is 
exported to Excel for any type of mathematical analysis.

Cell growth and proliferation assay using xCELLigence 
system
HT29 cells were grown and expanded in tissue-culture 
flasks. After reaching about 75% confluence, the cells 
(passage 6) were washed with PBS, afterwards detached 
from the flasks by a brief treatment with trypsin/EDTA. 
Subsequently, 100 µL of cell culture media at room 
temperature was added into each well of E-plate 16. After 
this, the E-plate 16 was connected to the system and 
checked in the cell culture incubator for proper electrical 
contacts and the background impedance was measured. 

Meanwhile, the cells were resuspended in cell culture 
medium and adjusted to 400,000 cells/mL. Cell suspension 
100 µL was added to the 100 µL medium containing 
wells on E-plate 16. After 30 min incubation at room 
temperature, E-plate 16 was placed into the cell culture 
incubator. Finally, proliferation of the cells was monitored 
every hour for a period of up to 72 h via the incorporated 
sensor electrode arrays of the E-plate 16. The electrical 
impedance was measured by the RTCA-integrated software 
of the xCELLigence system as a dimensionless parameter 
termed CI.

Cytotoxicity assay using xCELLigence system
First, the optimal seeding concentration for proliferation 
experiments of HT29 was determined. After seeding the 
respective number of cells in 100 µL medium to each well of 
the E-plate 16, the proliferation of the cells was monitored 
every 30 min by the xCELLigence system. Approximately 
18 h after seeding, when the cells were in the log growth 
phase, the cells were exposed to 10 µL of medium 
containing E7080 (100, 50, 25, 12.5 and 6.25 nmol/L) and 
L-NIO (100, 50, 25, 12.5 and 6.25 nmol/L) both alone and 
in combination. Controls received either medium only, or 
medium + E7080 or medium + L-NIO. All experiments 
were run for 72 h.

Angiogenesis assay using chorioallantoic membrane (CAM) 
assay

Preparation of pellets
In this trial, the effects of E7080 and L-NIO alone and 
in combination on angiogenesis were studied. E7080 and 
L-NIO were prepared and mixed with agarose in order to 
form pellets. The agarose (Merck, Damstadt, Germany) 
is added to distilled water to obtain a 2.5% (W/V) 
solution. This solution is put into the autoclave in 121 ℃ 
and under 1 atmospheric pressure to provide dissolution 
and sterilization. Subsequently, it was cooled in a sterile 
container up to 37 ℃. The drug is added at this stage. 
Appropriate volumes of solutions were used to achieve three 
different concentrations of E7080 and L-NIO (100, 10 and 
1 nmol/L per 10 µL pellet). Approximately one hundred 
pellets for each study set are used. Therefore, approximately 
1 mL of combined agar and drug solution (10 µL ×100=1 mL) 
was prepared initially for E7080 and L-NIO. The drug 
solutions of 10 and 1 nmol/L concentrations were prepared 
by diluting these initial mixtures ten folds with the agarose 
solution again. Using a micropipette, 10 µL drops of this 
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mixed solution were placed on previously sterilized, vertical, 
cylindrical stainless steel rods which were 5 mm in diameter 
to obtain circular pellets with the same diameter. The 
pellets were then solidified at room temperature in a sterile 
setting.

CAM assay
Ross 308 strain fertilized hen’s eggs were obtained from 
Yemsel Poultry Company (Kayseri, Turkey). The study 
protocol was approved by the Cumhuriyet University 
Animal Ethics Committee. The fertilized hen’s eggs were 
incubated in horizontal position with environmental 
conditions of 37.5 ℃ and 80% relative humidity. On the 
fifth day of the incubation period, 5 mL of albumen was 
taken through the eggshell with a syringe (Figure 1A) and 
a shell piece of 2-3 cm in diameter was removed from the 
contrary side of the eggs. Normal development of the CAM 
was verified (Figure 1B) and malformed or dead embryos 

were excluded. The windows on the egg shells were sealed 
with gelatin, and thereafter, the eggs were incubated for 
more than 72 h to have CAM reaching 2 cm in diameter. 
Subsequently (on day 8), the seal was removed and the 
pellets were placed on the CAM of each egg (Figure 1C). 
The seal was placed again and the eggs were then incubated 
for 24 h. The angiogenesis level was evaluated after that 
period. For each concentration of sorafenib, 20 eggs were 
used. As the negative control group, pellets containing just 
agar were utilized. As the positive control group, pellets 
containing bevacizumab, FDA approved antiangiogenic 
agent, were used. All the tests were duplicated. The eggs in 
which the pellets caused inflammation and embryo toxicity 
were excluded.

Angiogenesis scoring
The inhibitory effects of the drugs on angiogenesis in 
CAM were evaluated under a stereoscopic microscope and 

A

C

B

D

Figure 1 CAM assay. (A) Albumen is removed with a syringe; (B) The appearance of the CAM through a window on the egg shell (×8); (C) 
The placement of the pellet on the CAM (×8); (D) Inhibition of the capillaries on the CAM (score: 1) by the drug (×8).
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assessed according to the scoring system used previously in 
several studies (17,18). In this scoring system, the change 
in the density of the capillaries around the pellet and the 
extent of the effect were evaluated (Figure 1D). In the initial 
scoring of each subject, score 0 indicated the absence of 
any demonstrable antiangiogenic effect (normal embryo 
and no difference in surrounding capillaries); score 0.5 
represented a very weak effect (no capillary-free area but 
an area with reduced density of capillaries, which is not 
larger than the pellet area); score 1, a weak-moderate effect 
(a small capillary-free area or a small area with significantly 
decreased density of capillaries; less than double size of the 
pellet is involved); and score 2, a strong antiangiogenic effect 
(a capillary free area around the pellet, which is equal to or 
more than double size of the pellet itself). The equation used 
for the determination of the average score was as follows: 
average score = [number of eggs (score 2) ×2 + egg number 
(score 1) ×1]/[total number of eggs (score 0,1,2)].

According to this scoring system, a score of <0.5 meant 
that there was no antiangiogenic effect; a score of 0.5 to 1 
indicated a weak antiangiogenic effect, and a score of >1 
implied a strong antiangiogenic effect.

Detection of apoptosis by Annexin V method

Apoptotic cell death was measured using a flouresin 
isothiocynate (FITC)-conjugated Annexin V/propidium 
iodide (PI) assay kit by flow cytometry. Briefly, 5×105 cells 
were washed with icecold PBS, resuspended in 100 mL 
binding buffer, and stained with 5 mL of FITC-conjugated 
Annexin V (10 mg/mL) and 10 mL of PI (50 mg/mL). The 
cells were incubated for 15 min at room temperature in the 

dark, 400 mL of binding buffer was added, and the cells 
were analyzed (FACScan, Becton-Dickinson, USA). HT29 
cells were gated separately according to their granularity 
and size on forward scatter (FSC) vs. side scatter (SSC) 
plots. Early and late apoptosis was evaluated on fluorescence 
2 (FL2 for PI) vs. fluorescence 1 (FL1 for Annexin) plots. 
Cells stained with only Annexin V were evaluated as being 
in early apoptosis; cells stained with both Annexin V and 
PI were evaluated as being in late apoptosis or in a necrotic 
stage.

Statistical analysis

All data are expressed as x±s. Groups were compared 
statistically using general linear models of analysis of 
variance (ANOVA) followed by Tukey test and t-test when 
appropriate. Also Kruskal-Wallis and Mann-Whitney U tests 
have been used when the parametric test assumptions have 
been violated. P<0.05 was considered statistically significant.

Results

Monitoring dynamic cell proliferation and attachment in 
real-time using CELLigence system

First, we determined the optimal concentration for cell 
proliferation and viability measurements. To this end, 100,000, 
50,000, 25,000, 12,500, 6,250, 3,125 and 1,562 cells/well were 
seeded in the E-plate 16 and the impedance determined. 
The impedance CI of 100,000, 50,000, 25,000, 12,000, 
6,250, 3,125 and 1,562 cells/well increased proportionally 
to cell number (Figure 2). As shown in Figure 2, the CI 
of each cell concentration sharply increased after seeding 
up to reach its maximum at 2.5 h. Thereafter, the CI of 
50,000 cells/well slowly decreased to reach the minimum 
at 7 h to increase again to the maximum at 22 h. In all, 
we conclude that the response seen in the 12,500-50,000 
cells/well experiments reflects cell cycle effects, while the 
concentration of 100,000 cells/well was not suited for 
further experimentation, possibly because of a too high cell 
density and the resulting contact inhibition.

Monitoring of cytotoxicity in real-time using xCELLigence 
system

Next, we used the 40,000 cells/well concentration in 
the xCELLigence assay to examine the antiproliferative 
effects elicited by E7080 and L-NIO, as the 40,000 cells/

Figure 2 Dynamic monitoring of cell proliferation using the 
xCELLigence system. HT29 cells seeded at a density of 100,000, 
50,000, 25,000, 12,500, 6,250, 3,125 and 1,562 cells/well in E-plate 
16 were observed during 24 h.
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well concentration has an optimal treatment window 
during 16-24 h (Figure 2). E7080 treated HT29 cells 
exhibited decreasing CI values in a concentration-
dependent manner. While 100 nmol/L has shown 
complete cytotoxic effect and decreased CI to 0.1, 50 
nmol/L decreased CI to 0.4. Both showed statistically 
significant cytotoxic effect when compared with the 
control (P<0.05) (Figure 3A). On the other hand, none 
of the concentrations of L-NIO caused any cytotoxic 
effect (Figure 3B). After L-NIO administration, CIs were 
the same as the CI of control. In order to determine 
interaction between E7080 and L-NIO, 50 and 25 nmol/

L E7080 were combined with 100 nmol/L L-NIO 
which has no cytotoxic effect on HT29 cells. E7080  
50 nmol/L + L-NIO 100 nmol/L caused higher cytotoxic 
effect on HT29 cells when compared with E7080  
50 nmol/L alone (P<0.05) (Figure 3C). The CI of E7080 
50 nmol/L + L-NIO 100 nmol/L was significantly low 
when compared the E7080 50 nmol/L alone (P<0.05). Also 
for the combination of L-NIO with 25 nmol/L E7080, 
the concentration which has no cytotoxic effect on HT29, 
with the ineffective concentration of L-NIO caused 
statistically significant cytotoxic effect on HT29 cells when 
compared with the control group (P<0.05) (Figure 3C). 

A B

C

Figure 3 Real-time monitoring of cytotoxic effect on HT29 cells using RTCA. (A) E7080; (B) L-NIO; (C) E7080-L-NIO combination.

Figure 4 Calculation of IC50 of E7080 (IC50 =5.60×10–8 mol/L, square R =0.998).



Altun et al. Effects of E7080 and L-NIO on colorectal cancer

© Chinese Journal of Cancer Research. All rights reserved. Chin J Cancer Res 2013;25(5):572-584www.thecjcr.org

578

Twenty-four hours after treatment with E7080, the IC50 of 
5.60×10–8 mol/L was achieved (Figure 4).

Determining antiangiogenic effects of E7080 and L-NIO 
alone and in combination 

The eggs on which a 10 µL-agarose pellet with no drug was 
installed demonstrated no significant antiangiogenic effect 

(average antiangiogenic score =0.2). All the study drugs 
demonstrated some antiangiogenic effect compared with 
the negative control (P<0.05). Each tested drug is evaluated 
separately and the results with different solutions were 
compared.

Figure 5 shows the antiangiogenic scores of E7080, L-NIO 
and E7080 + L-NIO in 100, 10 and 1 nmol/L concentrations. 
Antiangiogenic scores of E7080 100, 10 and 1 nmol/L were 

Figure 5 The antiangiogenic scores of E7080 and L-NIO alone and in combination. (A) E7080 + L-NIO, 50+50, 5+5, 0.5+0.5 nmol/L; (B) E7080 
100 nmol/L, L-NIO 100 nmol/L, E7080 + L-NIO 50+50 nmol/L; (C) E7080 10 nmol/L, L-NIO 10 nmol/L, E7080 + L-NIO 5+5 nmol/L; (D) 
E7080 1 nmol/L, L-NIO 1 nmol/L, E7080 + L-NIO 0.5+0.5 nmol/L. Beva (bevacizumab) is a positive control as mentioned in method.

A

C

B

D
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1.2, 1.0 and 0.6, respectively. These scores show that E7080 
caused concentration-dependent antiangiogenic effect on 
CAM. On the other hand, administration of L-NIO in 
100, 10 and 1 nmol/L did not cause antiangiogenic effect. 
The antiangiogenic scores of L-NIO were 0.6, 0.3 and 0.1, 
respectively. In order to determine the interaction between 
E7080 and L-NIO, these agents were combined in 50+50, 
5+5 and 0.5+0.5 nmol/L. The antiangiogenic scores were 
1.1, 0.8 and 0.7, respectively. Also antiangiogenic scores of 
E7080 50, 5, and 0.5 nmol/L alone were 0.8, 0.65 and 0.4, 
respectively. The antiangiogenic scores of E7080 + L-NIO 
50+50 nmol/L were significantly high when compared 
with the scores of E7080 50 nmol/L alone and there was 
no significant difference when compared with E7080  

100 nmol/L alone (P<0.05). Similar results were observed 
when lower concentrations of E7080 and L-NIO were 
combined. A combination of 5+5 nmol/L of both drugs had 
better antiangiogenic effect than E7080 10 nmol/L alone 
and a combination of 0.5+0.5 nmol/L both drugs had better 
antiangiogenic effect than E7080 1 nmol/L alone.

Determining apoptotic effects of E7080 and L-NIO alone 
and in combination 

The apoptosis induction was assessed by Annexin V-FITC 
assay. In the dot plot of flow cytometric analysis (Figure 6), 
the lower-right (LR) area was the Annexin V positive/
PI negative portion which represented the preapoptotic 

Figure 6 Dot plot distribution. (A) Dot plot distribution of live, preapoptotic and apoptotic cells after administration of E7080 alone; 
(B) Dot plot distribution of live, preapoptotic and apoptotic cells after administration of L-NIO alone; (C) Dot plot distribution of live, 
preapoptotic and apoptotic cells after administration of E7080 and L-NIO in combination.

A

C

B



Altun et al. Effects of E7080 and L-NIO on colorectal cancer

© Chinese Journal of Cancer Research. All rights reserved. Chin J Cancer Res 2013;25(5):572-584www.thecjcr.org

580

fraction, while the upper-right (UR) area was the Annexin V 
positive/PI positive portion which represented the apoptotic 
fraction. The percentage of UR (apoptosis portion) area 
increased gradually according to the concentration of 
E7080 from 7% in control group to 71% in 100 nmol/L  
E7080, which means E7080 caused concentration-
dependent apoptosis in HT29 cells. On the other side, 
none of the concentrations of L-NIO caused any apoptotic 
effect. But the combination of E7080 with L-NIO of the 
concentrations which did not cause any apoptotic affect, 
significantly increased the apoptotic effect of E7080 on 
HT29 cells (P<0.05) (Figure 7). 

Discussion

Colorectal cancer is one of the common human malignant 
diseases and a leading cause of cancer-related deaths 

worldwide. Despite recent advances in chemotherapy, the 
5-year survival rate for metastatic colorectal cancer remains 
below 10% (19). 

Tumor angiogenesis is defined as the process of the 
formation of blood vessels within a tumor, and it plays a 
key role in tumor growth. Enhanced expression of VEGF 
is correlated with Dukes’ grade, distant metastasis, and 
poor prognosis. VEGF is a potent, specific mitogen for 
endothelial cells; it activates the angiogenic switch in vivo 
and enhances vascular permeability. VEGF binds to three 
tyrosine kinase receptors, two of which, flt-1 [VEGF 
receptor 1 (VEGFR-1)] and flk-1/KDR (VEGFR-2), are 
present on endothelial cells, and one, flt-4 (VEGFR-3), is 
present on lymphatic endothelial cells (20-22). VEGFR-2 
is considered to be the dominant signaling receptor 
for endothelial cell permeability, proliferation, and 
differentiation. It has been reported that increased tyrosine 

Figure 7 Cell distributions. (A) Distribution of live, preapoptotic and apoptotic cells after administration of E7080 alone; (B) Distribution 
of live, preapoptotic and apoptotic cells after administration of L-NIO alone; (C) Distribution of live, preapoptotic and apoptotic cells 
after administration of E7080 and L-NIO in combination; (D) Comparison of apoptotic cell percentage of alone and combination 
administrations.

A

C

B

D
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kinase activity of VEGFR is capable of enhancing the 
expression of malignant phenotypes. Therefore, the VEGF 
tyrosine kinase receptor may be a useful target for cancer 
therapy (23). Also it is well known that in tumor cells, 
VEGFR2 is strongly auto-phosphorylated by increased 
expression of VEGFs and mediates a series of mitogenic and 
survival downstream responses including mitogen activated 
protein kinase (MAPK) pathway PI3K/Akt pathway survival 
signaling pathway (24). The PI3K/Akt pathway is one of 
the most popular areas for targeted cancer therapy. Both 
preclinical and clinical data indicate that alterations of this 
pathway lead to oncogenesis (25). 

There are different kinds of tyrosine kinase inhibitors 
(TKIs) including C-kit, EGFR/Her1 and Her2, VEGF and 
PDGF TKIs. These different kinds of TKIs are found to be 
effective in treatment of various types of cancers including 
chronic myelogenous leukemia (CML) (26), non-small-cell 
lung cancer (NSCLC) (27), renal cell carcinoma (28) and 
prostate carcinoma (29). 

E7080 is a potent inhibitor of VEGFR-2 and VEGFR-3 
with IC50 of 4 and 5.2 nmol/L respectively, but also has 
activity against VEGFR-1, FGFR-1, and PDGFRa/b tyrosine 
kinases although the IC50 is around 10 fold higher (12). E7080 
shows antitumor activity in human cancer cell xenografts, 
which has been attributed to its ability to inhibit angiogenesis 
predominantly through effects on VEGFR-2 inhibition but 
also through inhibition of KIT and FGFR-1 (30,31). 

It has been shown that E7080 inhibited proliferation 
of human SCLC, H526 cells, which expressed KIT, at 
the concentrations required for the inhibition of KIT 
kinase (11). In a recently published study, Bruheim S et al. 
found that E7080 had broad antitumor activity against 
a panel of xenografts derived from various histotypes of 
human sarcomas, accompanied by a substantial reduction 
in microvessel densities (30). Also Glen H et al. showed 
that E7080 treatment (both at 1 and 10 µmol/L) resulted 
in a significant inhibition of cell migration of both DX3 
melanoma and U2OS osteosarcoma cell lines. E7080 also 
inhibited the ability of DX3 melanoma cells to invade into 
a Matrigel plug. In the same study, it has been shown that 
E7080 inhibited the proliferation of cell lines including 
E375 melanoma and DUI145 prostate cancer cells (32). 
All these studies are consistent with our study. In our 
study, we found that E7080 inhibited the proliferation of 
HT29 colorectal cancer cells in a concentration-dependent 
manner with 56 nmol/L IC50. In the studies mentioned 
above, it has been pointed out that the antiproliferative 
effect of E7080 has been seen at higher concentrations and 

the antiangiogenic effect mediated by VEGFR2 was the 
main mechanism of antitumoral effect. In our study, E7080 
showed its antiproliferative effect at lower concentrations 
and it seems the antiproliferative effect was as important 
as the antiangiogenic effect. The difference may be 
related to that E7080 shows potent antitumor effects in 
xenograft models of various types of tumors by inhibiting 
angiogenesis, especially through VEGFR suppression (10). 
Moreover, E7080 can cause regression of tumors induced 
by human lung cancer H146 cells, which produce SCF, 
due to its antiangiogenic activity mediated by inhibition 
of both C-kit and VEGFR signaling (11). These findings 
suggest that E7080 may inhibit VEGF-dependent and 
VEGF-independent angiogenesis and have antitumor 
activity against a broad spectrum of human solid tumors 
by suppressing not only VEGFR2, but also other receptor 
tyrosine kinases (31).

The studies about E7080 are mainly focused on 
angiogenesis. Ikuta K et al. (31) showed E7080 inhibited 
VEGF-induced HMVEC proliferation in a dose-dependent 
manner, and showed complete blockade at 10 nmol/L. In a 
study in which tube formation of HUVEC was evaluated, it 
has been determined that E7080 inhibited either VEGF or 
SCF-induced tube formation of HUVEC (11). In addition 
to these in vitro studies, Matsui J et al. showed that E7080 
has inhibited the metastasis to either regional lymph 
nodes or distant lung in the MDA-MB-231, human breast 
adenocarcinoma cells, xenograft model (10). Consistently, in 
our study, we demonstrated that E7080 caused inhibition of 
cell proliferation of HUVECs in vitro (data not shown) and 
the microvessels developing on CAM in vivo CAM model. 
It is obvious that E7080 has a strong antiangiogenic effect 
possibly mediated by VEGF2R.

Ras/Raf/MEK/ERK and Ras/PI3K/PTEN/Akt/mTOR 
pathways are often regulated by tumor suppressor P53. 
Furthermore, P53 activity is likewise regulated by the 
Ras/Raf/MEK/ERK and Ras/PI3K/PTEN/Akt/mTOR 
pathways. p53 is a critical tumor suppressor gene which 
encodes a transcription factor that is frequently mutated 
in human cancer (33). Akt can phosphorylate MDM-2 
which leads to its proteasomal degradation and prevents it 
ability to interact with and destabilize P53 (34). The p53 
and MDM families of genes are critically involved in the 
response to apoptosis (35). Although it is expected that 
using TKIs which are mainly target PI3K/Akt/mTOR 
pathway results in apoptosis, there is no conclusive data 
about the effects of E7080 on apoptosis. In our study, we 
demonstrated that E7080 has a strong apoptotic effect on 
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HT29 colorectal cancer cells. This apoptotic effect possibly 
takes part in strong antitumor effect of E7080 along with 
antiangiogenic properties. 

Treatments with TKIs, in some cases, have given 
promising results. However, most tumors treated with TKIs 
became resistant to treatment in a short time (36). Clinical 
experience has shown that only a percentage of patients 
respond to targeted therapies, even if their tumor expresses 
the altered target. This primary resistance to treatment is 
often due to constitutive activation of downstream signal 
transducers (37). It seems resistance is the major threat for 
the tyrosine kinase treatment. When it is thought major 
mechanism for resistance is related to the downstream 
signal transducers, it seems wise to combine TKIs with an 
agent which does not share the same mechanism with kinase 
inhibitors.

A number of activities mediated by NO may contribute 
to its tumor enhancing effects, including induction of DNA 
damage (38), increased angiogenesis (39), and prevention 
of apoptosis (40). Multiple clinical observations indicate 
that eNOS is not only expressed in normal tissues, but also 
extensively expressed in tumor tissues. eNOS is relevant 
in tumor progression, as it has been shown to modulate 
cancer-related events like angiogenesis, apoptosis, cell cycle, 
invasion and metastasis (41).

In our study, we determined the effects of L-NIO, eNOS 
inhibitor, on HT29 cell proliferation, angiogenesis and 
apoptosis. While L-NIO did not show any antiproliferative 
and apoptotic effect, it showed slightly low antiangiogenic 
effect. It may be an expected result. Although eNOS is 
important in carcinogenesis, the main source of NO in 
certain circumstances including inflammation and cancer is 
inducible NO synthase. During the last two decades, iNOS 
has been reported to be associated with several human 
malignant tumors including breast, brain, lung, prostate, 
colorectal and pancreatic carcinomas, Kaposi’s sarcoma (35) 
and melanoma (42). Ineffective effects of L-NIO may also 
be the results of concentrations used in this study. 

Surpr i s ing ly,  when  we  combined  E7080  wi th 
ineffective concentrations of L-NIO, the antiproliferative, 
antiangiogenic and apoptotic effects of E7080 were 
increased by L-NIO. This result suggests that there 
should be a link between MI3K/Akt/mTOR pathway and 
eNOS. Tanimoto T et al. mentioned in 2002 that VEGF 
stimulates PI3K and Akt-dependent phosphorylation of 
eNOS, resulting in activation of eNOS and increased NO 
production (43). Furthermore, Wang Y et al. showed that 
phosphorylation of eNOS and NO production can be 

upregulated by the PI3K/AKT pathway in the angiogenesis 
of endothelial cells, and osteopontin, an integrin-binding 
protein, increases AKT and eNOS phosphorylation and 
NO production thereby stimulates angiogenesis. The 
inhibition of AKT phosphorylation by treatment with the 
PI3K inhibitor LY294002 reduced eNOS phosphorylation 
and NO production, leading to the suppression of 
angiogenesis in vitro (44). These studies may indicate that 
PI3K/Akt/mTOR and eNOS/NO pathways are connected 
to each other, and simultaneous inhibition of both pathways 
may increase downstream effects. 

In conclusion, in this study we found that E7080, 
multityrosine kinase and VEGF2-VEGF3 inhibitor, has a 
strong antiproliferative, antiangiogenic and apoptotic effects 
on HT29 colorectal cancer cells. While administration 
the eNOS inhibitor L-NIO alone did not show any effect, 
the combination of E7080 with L-NIO showed stronger 
antiproliferative, antiangiogenic and apoptotic effects than 
E7080 alone. This study shows that the combination of 
TKIs with eNOS inhibitors may enable the use of TKI in 
lower concentrations which may prevent resistance to TKIs. 
Further studies are needed to enlighten the mechanism 
of action and understand the nature of these two drug’s 
combination.
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