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Abstract. The anticancer effect of a new pyrazole derivative, 
KI-10F (2-(4-(2-(4-(dimethylamino) phenyl)pyridin-4-yl)-5-(3-
methoxy-5-methylphenyl)-1H-pyrazol‑1-yl) acetonitrile)•3.5HCl) 
was evaluated in human colon cancer cells. KI-10F strongly 
suppressed the growth of human colon cancer cells and 
induced apoptosis by increasing the proportion of sub-G1 
presenting apoptotic cells as well as causing cell cycle arrest at 
the G2/M phase. Apoptosis by KI-10F was confirmed by 
observation of an increase in the expression of cleaved 
caspase-3, caspase-8, caspase-9 and Bax, and the decrease of 
Bcl-2. Decreased expression of HIF-1α and VEGF, and the 
inhibition of HUVEC tube formation and migration showed 
that KI-10F effectively inhibited the angiogenesis process. 
Furthermore, in vivo study in a mouse xenograft model showed 
that KI-10F produced a stronger antitumor activity than 5-FU, 
a conventional anticancer drug prescribed for the treatment of 
colon cancer. The effects of KI-10F on tumor proliferation 
(PCNA), angiogenesis (CD34) and apoptosis (cleaved 
caspase-3) were evaluated by immunohistochemistry using 
isolated tumor tissue samples. Taken together, our results 
demonstrated that KI-10F induces apoptosis and inhibits cell 
growth and angiogenesis both in vitro and in vivo. We suggest 
that KI-10F is an effective chemotherapeutic candidate for use 
against colon cancer.

Introduction

Colon cancer is one of the leading causes of cancer related 
death worldwide with over 500,000 deaths every year and its 
incidence continues to rise in the eastern world (1). There are 
many possible causes of colon cancer including advanced age, 
smoking, diet, environmental factors, exogenous hormones 
like estrogens, polyps of the colons, family history (genetic 
predisposition), familial adenomatous polyposis (FAP), 
hereditary nonpolyposis colorectal cancer (HNPCC), Lynch 
syndrome, long-standing ulcerative colitis, and Crohn's 
disease of the colon (2). In its early stage, surgery can be an 
effective primary treatment, but surgical resection is unsat-
isfactory in cases of metastasis and reoccurrence (3). Thus 
other treatment options such as chemotherapeutic agents have 
been introduced, and 5-flurouracil (5-FU) remains a widely 
used first-line colon cancer treatment in patients over 50 
years of age (4). However there are inter-individual differ-
ences in response, survival and toxicity in patients treated 
with 5-FU (5). Developing new anticancer agents for use in 
treatment against colon cancer are needed in order to provide 
reliable treatment for patients.

Several pyrazole derivatives have been reported to 
have a wide range of biological activities such as antitumor, 
antibacterial, anti-inflammatory, analgesic, and fungistatic 
activity  (6-9). So, they are increasingly gaining interest as 
important compounds in the pharmaceutical industry and 
medicinal chemistry. Of these, anticancer activities have been 
the most studied. Especially, pyrazole derivatives induce 
apoptosis and inhibition of angiogenesis in cancers (10,11). In 
addition, pyridine derivatives have been reported to possess 
anticancer effect such as inhibition of cell growth, induction of 
cell cycle arrest, and apoptosis without cytotoxicity in various 
cancer cells (12,13). On the basis of previous finding, we have 
synthesized a new active pyrazole and pyridine derivatives, 
culminating in the discovery of 2-(4-(2-(4-(dimethylamino) 
phenyl) pyridin-4-yl)-5-(3-methoxy-5-methylphenyl)-1H-
pyrazol-1-yl) acetonitrile)•3.5HCl) (Fig. 1, designated KI-10F).

One of the hallmarks of cancer cells including colon cancer 
is uncontrolled cell proliferation and escape of apoptosis 
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by cancer cells. Especially, angiogenesis plays an important 
role in the progression of cancer and correlates with higher 
incidences of metastasis and poor prognosis in human colon 
cancers (14). The presence of microvessels and the vascular 
endothelial growth factor (VEGF) are significantly involved in 
endothelial cell proliferation, migration, invasion and, tumor 
recurrence (15). Also, apoptosis and proliferation imbalance 
leads to malignant transformation and tumorigenesis of 
normal tissues (16). Therefore, induction of apoptosis along 
with inhibiting angiogenesis by non-toxic compounds is a 
promising strategy for checking the uncontrolled colon cancer 
cell proliferation and survival.

In this study, therefore, we synthesized a new pyrazole 
derivative KI-10F and assessed its possibility as a chemo-
therapeutic agent against colon cancer. Our results showed that 
KI-10F induced apoptosis and inhibited angiogenesis in vitro 
and in vivo.

Materials and methods

Cells and materials. The human colon cancer cell lines 
HT-29, LoVo, RKO and human umbilical vein endothelial 
cells (HUVECs) were purchased from ATCC (Manassas, VA). 
The HT-29 cells were cultured in Roswell Park Memorial 
Institute Media 1640 (RPMI-1640) and the LoVo and RKO 
cells were cultured in Dulbecco's modified Eagle's medium 
(DMEM), supplemented with 10% fetal bovine serum (FBS) 
and 1% penicillin/streptomycin. The HUVECs were grown in 
a gelatin coated flask in M199 medium containing 20 ng/ml of 
basic fibroblast growth factor (bFGF), 100 U/ml heparin and 
20% FBS. The cell cultures were maintained at 37˚C in a CO2 
incubator with a controlled humidified atmosphere composed 
of 95% air and 5% CO2. The FBS, cell culture media, peni-
cillin-streptomycin, and all other agents used in the cell culture 
studies were purchased from Invitrogen.

Synthesis of KI-10F. 2-(4-(2-(4-(Dimethylamino)phenyl)
pyridin-4-yl)-5-(3-methoxy-5-methylphenyl)-1H-pyrazol-1-yl) 
acetonitrile (700 mg, 1.65 mM) in hydrogen chloride solution 
(5 ml, 5 mM, 1 M/diethyl ether) was vigorously stirred for 
30 min, and then filtered to collect the solid which was washed 
with hexane to give the pure KI-10F as a yellow solid. Yield: 
750 mg; mp 125-128˚C; 1H NMR (300 MHz, D2O) δ (ppm) 
2.19 (s, 3H), 2,98 (sec, 6H), 3.64 (s, 3H), 5.07 (s, 2H), 6.53 (s, 1H), 
6.62 (s, 1H), 7.01 (s, 1H), 7.07 (d, J=8.7 Hz, 2H), 7.24 (d, J=8.7 
Hz, 2H), 7.31 (s, 1H), 7.42 (d, J=6.3 Hz, 1H), 8.14 (d, J=4.8 Hz, 
2H); elemental analyses (C26H28.5Cl3.5N5O) calcd: C, 56.66; H, 
5.21; N, 12.71. Found: C, 56.64; H, 5.63; N, 12.60.

Measurement of cell proliferation. Cell viability analysis was 
performed using the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide) assay. Briefly, the HT-29, LoVo, and 
RKO cells were plated at a density of 1x104 cells/well in 96-well 
plates and incubated for 24 h. The medium was removed, and 
the cells were treated with either D.W. as a control or various 
concentrations (0.01, 0.05, 0.1, 0.5, 1 or 5 µM) of KI-10F or 
5-FU. After the cells were incubated for an additional 48 h, 
20 µl of MTT solution (2 mg/ml) was added to each well and 
they were incubated for another 4 h at 37˚C. After removing 
the media, the formed formazan crystals were dissolved in 

DMSO (200 µl/well) by constant shaking for 5 min. The plate 
was then read on a microplate reader at 540 nm. Three repli-
cate wells were used for each analysis. The median inhibitory 
concentration (IC50, defined as the drug concentration at which 
cell growth was inhibited by 50%) was assessed from the dose-
response curves.

Western blot analysis. Cells were washed with ice-cold phos-
phate-buffered saline (PBS) before lysis. The cells were lysed 
with buffer containing 1% Triton X-100, 1% Nonidet P-40, and 
the following protease and phosphatase inhibitors: apro-
tinin (10 mg/ml), leupeptin (10 mg/ml) (ICN Biomedicals, 
Asse‑Relegem, Belgium), phenylmethylsulfonyl fluoride 
(1.72 mM), NaF (100 mM), NaVO3 (500 mM), and Na4P2O7 
(500 mg/ml) (Sigma-Aldrich). Protein (50 µg) was separated 
from the mixture using 10% sodium dodecyl sulfate-poly-
acrylamide (SDS) gel electrophoresis, it was then transferred 
onto nitrocellulose membranes and evaluated using Ponceau S 
solution staining (Sigma-Aldrich). Immunostaining of the 
blots was performed using the primary antibodies followed 
by the secondary antibody conjugated to horseradish peroxi-
dase with detection using enhanced chemiluminescence 
reagent (ELPS, Seoul, Korea). The primary antibodies were 
mouse monoclonal: anticleaved caspase-3, cleaved caspase-8, 
cleaved caspase-9 (Cell Signaling Technologies, Danvers, 
MA), Bax and Bcl-2 (Santa Cruz Biotechnology, Santa Cruz, 
CA), anti-HIF-1α, and anti-β-actin (BD Biosciences, San 
Jose, CA), and anti-VEGF (Cell Signaling Technologies, 
Danvers, MA). The secondary antibodies were purchased 
from Amersham Biosciences. The bands were visualized 
using the ECL plus system (Amersham Pharmacia Biotech 
Inc., Piscataway, NJ).

Cell cycle analysis. HT-29 cells were plated in 100‑mm diam-
eter culture dishes and then incubated. The next day, the cells 
were treated with various concentrations (0 to 1 µM) of KI-10F 
for 24 h. Floating and adherent cells were collected and fixed 
in 70% ethanol at 4˚C overnight. After washing, the cells were 
subsequently stained with 50 µg/ml of PI and 100 µg/ml of 
RNase A for 1 h in the dark and then subjected to flow cytometric 
analysis in order to determine the percentage of cells at specific 
cell cycle phase. Flow cytometric analysis was performed using 
a FACSCalibur flow cytometer (Becton Dickinson, San Jose, 
CA) equipped with a 488‑nm argon laser. Events were evaluated 
for each sample and the cell cycle distribution was analyzed 
using Cell Quest software (Becton Dickinson). The results were 
presented as the number of cells versus the amount of DNA as 
indicated by fluorescence signal intensity. All the experiments 
were conducted three times.

DAPI staining and TUNEL assay. The HT-29 cells were plated 
onto 18‑mm cover glasses in RPMI-1640 medium and grown 
to ~70% confluence for 24 h. The cells were then treated with 
KI-10F at a dose of 0.5 µM for 24 h. The cells were fixed in 
2% ice-cold paraformaldehyde (PFA), washed with PBS and 
then stained with 2 µg/ml of 4,6-diamidino-2-phenylindole 
(DAPI) for 20 min at 37˚C. The DAPI stained cells were exam-
ined under a fluorescent microscope in order to evaluate any 
nuclear fragmentation. Terminal deoxynucleotidyl transferase-
mediated nick end labeling (TUNEL) was performed following 
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the manufacturer's protocol for the use of the TUNEL kit 
(Chemicon, Temecula, CA).

HUVEC tube formation assay. Matrigel (200 µl) (10 mg/ml) 
(BD Biosciences, NJ) was polymerized for 30 min at 37˚C. 
The HUVECs were suspended in M199 (5% FBS) medium at 
a density of 2.5x105 cells/ml. Then 0.2 ml of cell suspension 
was added to each Matrigel coated well either with or without 
the indicated concentrations of KI-10F, and then they were 
incubated for 14 h. The morphological changes of the cells 
and HUVEC tube formations were observed under a phase-
contrast microscope and photographed at x200 magnification.

HUVEC migration assay. HUVECs, plated on 60 mm diameter 
culture dishes at 90% confluence, were wounded with a 2 mm 
razor blade and marked at the injury line. After wounding, the 
peeled off cells were removed with serum-free medium and 
further incubated in M199 with 5% serum, 1 mM thymidine 
(Sigma-Aldrich) and/or KI-10F. The HUVECs were allowed to 
migrate for 24 h and were then rinsed with serum-free medium 
followed by fixing with absolute methanol and staining with 
Giemsa (Sigma-Aldrich). Migration was quantitated by counting 
the number of cells that moved beyond the reference line.

Tumor xenograft study. Six‑week‑old male nude mice were 
obtained from Central Laboratory Animal Inc. (Seoul, Korea). 
Animal care and all experimental procedures were conducted 
in accordance with the approval and guidelines of the Inha 
Institutional Animal Care and Use Committee of the Medical 

School of Inha University. The animals were fed standard rat 
chow and tap water ad libitum, and were maintained under a 
12 h dark/light cycle at 37˚C. The mice were randomly divided 
into three groups (control, KI-10F at 1 mg/kg and 5-FU at 
10 mg/kg). The HT-29 cells were harvested, mixed with PBS 
(200 µl/mouse) and then inoculated into one flank of each nude 
mouse (2x106 of HT-29 cells). When the tumor volume reached 
~50-100  mm3, the mice were orally administered either 
KI-10F (1 mg/kg), 5-FU (10 mg/kg, positive control group) or 
the vehicle (200 µl of 0.7% CMC, control group) three times 
per week for 3 weeks. The tumor dimensions were measured 
twice a week using a digital caliper and the tumor volume was 
calculated using the formula: V = length x width2 x 0.5. At 
the end of the experiment, the mice were sacrificed, and the 
tumors were excised and weighed. A portion of each tumor was 
fixed in buffered formalin and then embedded in paraffin. The 
remaining tissue was stored at -70˚C for further analysis.

Immunohistochemistry in the tumor tissue. After deparaffiniza-
tion, immunostaining was performed on 8-µm thick sections of 
tumor tissue. Microwave antigen retrieval was performed in 
citrate buffer (pH 6.0) for 10 min prior to peroxidase quenching 
with 3% H2O2 in PBS for 10 min. The sections were then washed 
in water and preblocked with normal goat or horse serum for 
10 min. Next, the tissue sections were incubated overnight 
at 4˚C in 1:50 dilutions of mouse anticleaved caspase-3 (Cell 
Signaling), anti-PCNA and anti-CD34 antibodies (Santa Cruz 
Biotechnology). The sections were then incubated with biotinyl-
ated secondary antibodies (1:200) for 1 h. Following a washing 

Figure 1. Effect of KI-10F on the proliferation of human colon cancer cells. (A) Chemical structure of KI-10F, 2-(4-(2-(4-(Dimethylamino)phenyl)pyridin-4-yl)-5-
(3-methoxy-5-methylphenyl)-1H-pyrazol-1-yl)acetonitrile•3.5HCl. Cytotoxic effects of KI-10F and 5-FU on colon cancer cells, (B) HT-29, (C) LoVo and (D) RKO 
cells were measured using an MTT assay. Results are expressed as percent cell proliferation relative to the control.
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step with PBS, streptavidin-HRP was applied. Finally, the 
sections were developed with diaminobenzidine tetrahydrochlo-
ride substrate for 10 min, and counterstained with hematoxylin. 
At least three random fields of each section were examined at a 
magnification, x200 and analyzed by a computer image analysis 
system (Media Cybernetics, Silver Spring, MD).

Statistical analysis. Data are expressed as mean ± SD. Statistical 
analysis was performed using ANOVA and an unpaired 
Student's t-test. A p-value ≤0.05 was considered statistically 
significant. Statistical calculations were performed using 
SPSS software for the Windows operating system (Version 
10.0; SPSS, Chicago, IL).

Results

KI-10F inhibited proliferation of human colon cancer cells. In 
order to determine the effectiveness of KI-10F on cell growth 
inhibition, we tested the MTT assay on three colon cancer cell 
lines (HT-29, LoVo and RKO). The human colon cancer cells 
were exposed to various concentrations of KI-10F and 5-FU, 

ranging from 0 to 5 µM, for 48 h. Our results showed that the 
cell growth was inhibited strongly by KI-10F in a dose-depen-
dent manner as compared with 5-FU, a commercially available 
drug (Fig. 1). The IC50 values of KI-10F administration in the 
three colon cancer cells were very low (HT-29; 0.30 µM, LoVo; 
0.59 µM, RKO; 0.33 µM) whereas 5-FU was unable to inhibit 
50% cell proliferation at the highest dose (5 µM). The HT-29 
cells were the most sensitive to KI-10F and had the lowest IC50 
value to KI-10F mediated inhibition of cancer cell growth and 
proliferation, and were thus chosen for further experiments.

The effects of KI-10F on cell cycle and apoptosis in HT-29 cells. 
The cell cycle profile induced by KI-10F was measured using 
flow cytometry. The cells were harvested 48 h after treatment 
of KI-10F at various concentrations and analyzed for their cell 
cycle distributions (sub-G1, G0/G1, S and G2/M). Treatment 
with KI-10F increased the occurrence of the sub-G1 phase and 
significantly blocked the G2/M phase. At a dose of 0.5 µM, 
KI-10F rapidly increased the occurrence of the sub-G1 phase by 
7.8-fold and G2/M phase by 5.5-fold as compared to the control 
(0 µM) (Fig. 2A). In order to identify the apoptotic effect of 

Figure 2. Effect of KI-10F on cell cycle distribution and apoptosis in HT-29 cells. (A) HT-29 cells were treated with KI-10F (0.01-1 µM) for 48 h, stained with 
propidium iodide (PI) and then analyzed on a FACSCalibur flow cytometer. M1, sub-G1; M2, G0/G1; M3, S; M4, G2/M. Quantitation of the PI staining data is 
presented as the percentages of cell cycle distribution. The induction of apoptosis by KI-10F was evaluated by western blot analysis. (B) The induction of apoptosis 
by KI-10F was assessed by TUNEL and DAPI staining, the results of which were photographed at x200 magnification. (C) Bcl-2, Bax and cleaved caspase-3, -8 
and -9 expression in the cells treated with KI-10F at the indicated doses for 48 h.
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KI-10F in the HT-29 cells, we performed analysis using DAPI 
and TUNEL staining. When the HT-29 cells were treated with 
KI-10F (0.5 µM), the cells presented apoptotic morphological 
features such as bright nuclear condensation, DNA fragmenta-
tion and perinuclear apoptotic bodies visible by DAPI and 
TUNEL staining (Fig. 2B). In results of western blot analysis, 
KI-10F dosing seemed to induce apoptosis in the HT-29 cells, 
whereas it decreased the expression of Bcl-2 and increased the 
expression of Bax, induced extrinsic apoptosis by activation of 
the caspase-3, caspase-8 and caspase-9 cascades (Fig. 2C).

The effects of KI-10F dosing on angiogenesis. HIF-1α is a 
major transcriptional modulator of angiogenic factors such 
as VEGF. In order to identify the effect of KI-10F on angio-
genesis, HT-29 cells were treated with various concentration 
of KI-10F for 6 h under hypoxia mimic conditions induced 
by CoCl2 (100 µM), after which we examined the cellular 
expression of HIF-1α and VEGF using western blot analysis. 
As shown in Fig. 3A, HIF-1α was highly induced under the 
hypoxia mimic conditions. However, the expression of HIF-1α 
and VEGF decreased in a dose-dependent manner. Next, we 
performed an in vitro tube formation assay in order to iden-
tify the anti-angiogenic effect of KI-10F on HUVECs. The 
HUVECs, suspended in complete medium (5% FBS) either 
with or without KI-10F, were seeded onto a Matrigel layer and 
the process of capillary tube formation was monitored and 

photographed 14 h post-incubation. We observed that KI-10F 
administration inhibited the formation of vessel-like struc-
tures consisting of the elongation and alignment of the cells 
(Fig. 3B). Endothelial cell migration supports the formation of 
blood vessels during tumor growth and metastasis. Thus, we 
carried out a wound migration assay in order to examine the 
effect of KI-10F on the migration of HUVECs. When these 
endothelial cells were wounded and then incubated in media 
containing 5% FBS and 1 mM thymidine in the presence of 
KI-10F (100 µg/ml) over a 24 h period, the wound was unable 
to heal (Fig. 3C).

The effects of KI-10F on proliferation, angiogenesis, and 
apoptosis in xenograft model. We next examined the in vivo 
anticancer activity of KI-10F in an HT-29 cell xenograft model 
using nude mice. There was no difference in body weight 
change in the KI-10F treated group as compared to the control 
group (Fig. 4B). This indicated that KI-10F has low toxicity at 
the curative dose. As shown in Fig. 4A, 1 mg/kg treatment of 
KI-10F for 3 weeks inhibited tumor growth as compared to 
the negative control. Furthermore, the 1 mg/kg dose of KI-10F 
was found to suppress tumor growth more than a 10 mg/kg 
dose of the commercial available colon cancer drug, 5-FU 
(Fig. 4A). Our results demonstrated the antitumor efficacy of 
KI-10F against in vivo colon cancer in a mouse model without 
any apparent sign of toxicity.

Figure 3. Effect of KI-10F on angiogenesis. (A) Expression of HIF-1α and VEGF by KI-10F in the hypoxia-induced HT-29 cells (CoCl2, 100 µM). (B) Effects of 
KI-10F on tube formation in the HUVECs. HUVECs were plated on Matrigel (200 µl/well) and treated with various concentrations of KI-10F. Capillary tube 
formation was assessed after 14 h. Tube formation was observed under a phase-contrast microscope and photographed at x400 magnification. (C) Effects of KI-10F 
on migration in vitro. HUVECs were plated at 90% confluence and a scratch was made with a razor blade. After wounding, the cells were incubated in M199 with 
5% FBS, 5 ng/ml bFGF, 1 mM thymidine and/or KI-10F (1 µg/ml). Data represent the mean of at least three independent experiments performed in triplicate.
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Using the results of H&E staining and cleaved caspase-3, 
we observed that there was a greater degree of tumor apoptosis 
and necrosis in the KI-10F treated group than in the control 
group (Fig. 4C). In addition, the IHC results of PCNA showed 
that administration of KI-10F decreased the proliferation of 
tumor tissues. Our in vitro study showed that KI-10F inhib-
ited angiogenesis and induced apoptosis. Therefore, in order 

to evaluate the in vivo effect of KI-10F on angiogenesis and 
apoptosis, we investigated CD34 expression. As observed by 
microscopic analysis, the expression of vessel marker CD34 
strongly decreased in the KI-10F treated group as compared to 
the control group (Fig. 4C). Interestingly, the effects of KI-10F 
on proliferation, apoptosis and angiogenesis were more potent 
than that of 5-FU as in the in vitro studies.

Figure 4. In vivo effects of KI-10F using an HT-29 mouse xenograft model. Tumors were implanted into the mice by subcutaneous injection of HT-29 cells 
(2x106 cells/200 µl PBS) on the flank. After the tumors reached 50-100 mm3 in size, the mice received a daily oral administration of KI-10F (1 mg/kg), 5-FU 
(10 mg/kg) or vehicle (0.7% CMC) for 3 weeks. (A) Tumor volume and (B) body weight changes of the nude mice were measured prior to treatment. (C) Tumors 
were excised and processed for immunostaining for PCNA, CD34 and cleaved caspase-3 using H&E staining. Original magnification, x200. Data are presented as  
the mean ± SD (n=10). *p<0.05 and **p<0.01 vs. control.
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Discussion

Successfully triggering apoptosis, which causes irreversible 
death of cancer cells, is an important hallmark for an effective 
chemotherapeutic agent (17). Angiogenesis is essential to the 
growth of solid tumors and its inhibition is an effective and 
promised target for chemotherapeutics. Therefore, in this study 
we investigated anticancer mechanism of the KI-10F in terms of 
both apoptosis and anti-angiogenesis. In our previous study, we 
synthesized various new pyrazole derivatives and from them we 
selected KI-10F which showed high anticancer activity (18). In 
this regards, we investigated its possible use as a chemothera-
peutic agent against colon cancer cell proliferation, disrupting 
the cell cycle, promoting apoptosis and inhibiting angiogenesis.

Apoptosis is induced by two alternative pathways, an extrinsic 
pathway mediated by the death receptor and the intrinsic pathway 
mediated by mitochondria (19,20). In the intrinsic pathway, mito-
chondrial apoptosis is initiated by their dysfunction, regulated 
by the members of the Bcl-2family. Mitochondria activated 
by proapoptotic Bcl-2 family members (Bax, Bak, Bid, etc.) 
release cytochrome c which binds to apoptotic protease acti-
vating factor 1 (APAF1) to form apoptosome in the cytosol (21). 
Apoptosis through the mitochondrial pathway can be inhibited 
using anti-apoptotic proteins of the Bcl-2 family (Bcl-2, Bcl-xl, 
Bcl-w, etc.) (22). In the extrinsic pathway, apoptosis is initiated 
through the interaction of death receptors located on the cell 
surface. When a ligand binds to its respective death receptor, 
initiator caspases are recruited (20,23). Induction of apoptosis 
leads to activation of the initiator caspases: caspase-8 for the 
extrinsic pathway and caspase-9 for the intrinsic pathway (20). 
Once the initiator caspases are activated, they cleave and acti-
vate ‘executioner’ caspases: caspase-3, caspase-6 and caspase-7. 
Mainly caspase-3 is involved in the process of apoptosis. As 
apoptosis plays a pivotal role in the prevention of cancer, we 
investigated the apoptotic effect of KI-10F on HT-29 cells. We 
observed that KI-10F administration significantly suppressed 
the colon cancer cell growth in a dose-dependent manner. 
Treatment by KI-10F induced apoptosis in the HT-29 cells by 
increasing their expression of cleaved caspase-3, -8 and -9, and 
Bax. Furthermore, KI-10F dosing decreased the expression of 
Bcl-2. In the flow cytometry experiment, DNA fragmenta-
tion and nuclear condensation were confirmed by an observed 
increase of cells in the sub-G1 phase. The apoptotic effects of 
KI-10F were confirmed by the observed DNA fragmentation, 
nuclear condensation, and cell morphology changes as revealed 
by TUNEL and DAPI staining. These results implied that the 
induction of apoptosis by KI-10F may be a contributing factor in 
their suppression of tumor growth. Cell cycle arrest can trigger 
proliferation inhibition and apoptosis in cancer cells, and the 
G2/M checkpoint is a potential target for a cancer agent (24,25). 
Our cell cycle analysis showed that KI-10F administration 
strongly induced cell cycle arrest in the G2/M checkpoint.

Inhibition of angiogenesis also can serve as a potential 
antitumor therapy. Rapid proliferation of cancer cells induces 
intracellular hypoxia conditions, which in turn initiates the process 
of the development of new blood vessels (26). In this process, 
HIF-1α plays an important role by activating transcription of 
the promoter of VEGF, a key factor in tumor angiogenesis (27). 
Inhibition of tumor angiogenesis can serve as a potential anti-
tumor therapy because angiogenesis is crucial to tumor growth, 

invasion and metastasis (28,29). Supporting this point, our in vitro 
studies performed under hypoxia mimic conditions showed 
that KI-10F inhibited the expression of HIF-1α and VEGF in 
HT-29 cells. Thus, KI-10F was found to inhibit hypoxia induced 
angiogenesis. Endothelial cells are the major constituents of new 
blood vessels whose functioning is the basis of angiogenesis. In 
the vasculogenesis process, endothelial cells migrate on a matrix, 
such as collagen, and remodel into tubular structures (30). KI-10F 
inhibited tube formation and migration of HUVECs. In addition, 
the in vivo anti-angiogenic effect of KI-10F was supported by 
decreased expression of CD34, a microvessel endothelial cell.

In this study, we investigated the anticancer efficacy and 
associated mechanisms of KI-10F by studying its effect against 
colon cancer cells in vitro, and then expanded the assessment 
into an in vivo HT-29 xenograft animal model. Our expanded 
study revealed that KI-10F inhibited cell and tumor growth, 
and induced apoptosis in both HT-29 cells and the xenograft 
animal model. In addition, KI-10F suppressed angiogenesis by 
decreasing the expression of HIF-1α and VEGF in colon cancer 
cells, and inhibited the vasculogenesis process of endothelial 
cells. In this regard, it seems that KI-10F has great potential 
to induce apoptosis and inhibit angiogenesis. Of note, KI-10F 
at a dose of 1 mg/kg suppressed greater tumor growth than a 
10 mg/kg dose of 5-FU, which is the current standard care drug 
used in patients with advanced colon cancer.
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