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induces apoptosis in colon cancer HCT-116 cells 
through inhibiting Wnt1/β-catenin signaling pathway
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Abstract: Objective: The anti-cancer effect and mechanism of N1,N3-bis(3-methoxysalicylidene) diethylenetriamine 
(Valdien) in HCT-116 cells were assessed in this study. Methods: MTT was used to measure cytotoxicity of the Valdien. 
The appearance of apoptotic HCT-116 cells was detected by flow cytometry analysis. Apoptosis proteins, caspase 
family and Bcl-2 family were viewed by Western blotting. The Wnt1/β-catenin signaling pathway was also examined. 
HCT-116 cells xenograft serious combined immunodeficiency disease mice were used for the in vivo study. Results: 
Valdien greatly inhibit HCT-116 cells proliferation in a concentration and time dependent manner and found this 
effect was associated with apoptosis. Further analysis demonstrated that Valdien induced HCT-116 cells apoptosis 
by activating the death receptor pathway and regulating cyclin D1 and p21. The expression of anti-apoptotic Bcl-xL, 
survivin, Bcl-2 was decreased in Valdien treatment groups, whereas the expression of pro-apoptotic Bax protein was 
increased. Valdien downregulated expression of Wnt1, β-cateninand, c-myc, while upregulated E-cadherin expres-
sion. In addition, HCT-116 cells xenograft mouse model mice were used for the study in vivo. Conclusion: Valdien 
induced apoptosis in HCT-116 cells in vitro primarily via regulating the Wnt1/β-catenin signaling pathway and then 
triggering the activation of the death receptor pathway.
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Introduction

Colorectal cancer (CRC) is one of the most prev-
alent and incident common malignant tumors, 
which is the third most commom cause of can-
cer deaths in the word [1]. In recent years, the 
incidence and mortality of colorectal cancer in 
China have increased, which has become one 
of the most malignant tumors that threaten the 
health of residents. The occurrence of colorec-
tal cancer is closely related to diet, heredity 
and physical activity level [2, 3]. At present, the 
main treatment methods for colorectal cancer 
include surgery, radiotherapy, chemotherapy 
and targeted therapy. However, postoperative 
recurrence and metastasis are common rea-
sons leading to failure of treatment. The combi-
nation of operation and chemotherapy can 
improve colon cancer survival and reduce the 
risk of recurrence and metastasis as compared 

with surgery only. However, clinical responses 
of colon cancer patients to chemotherapy vary 
greatly and even some patients are generally or 
particularly resistant to chemotherapy, which 
leads to different curative effects for colon can-
cer. Given this, there is an urgent need for re- 
search novel therapeutic strategies and new 
chemotherapeutic drugs to improve cancer 
therapy, improve the life quality and prolong life 
expectancy for patients with CRC [4].

In the recent years, the antitumor activity of 
some Schiff bases has been widely reported [5, 
6]. N1,N3-bis(3-methoxysalicylidene) diethyl-
enetriamine (Valdien, Figure 1), which belongs 
to one of Schiff bases, is more likely to be a 
potential antitumor agent. In view of this rea-
son, the antitumor effect of Valdien was tested 
and proven by our preliminary experiment in 
vitro. The Valdien has been used for the synthe-
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sis of magnetic and optical material in the 
chemical industry in the recent years [7, 8]. 
Valdien was synthesized by mixing diethylene-
triamine (0.0125 mol) with o-vanillin (0.025 
mol) in 40 mL of ethyl alcohol [9]. After being 
refluxed for 1 h, the yellow solution was pre-
cooled and the solvent was removed under 
reduced pressure to obtain one type of yellow 
oil. The yellow oil was left to stand overnight to 
form a yellow precipitate. The precipitate, Val- 
dien, was collected by suction filtration and 
washed with diethyl ether.

The development of colorectal cancer is a com-
plex multistep process involving progressive 
disruption of the homeostatic mechanisms that 
control epithelial proliferation, inflammation 
and differentiation [10]. Recent studies show 
that the Wnt signaling pathway is playing a cru-
cial role in the regulation of cell proliferation, 
differentiation, apoptosis and migration. Abnor- 
mal expression and activation of Wnt signaling 
pathway can induce tumors [11, 12]. Wnt pro-
teins are a family of secreted glycoproteins and 
signal through the frizzled (Fz) receptors in a 
paracrine pattern [13]. The Wnt signaling path-
ways could be classified into three major types. 
The most known one is the canonical pathway, 
which activates downstream genes through 
inhibition of GSK-3 activity, followed by accu-
mulation of β-catenin in nucleus. Wnt1 is a 
member of Wnt gene family, which is the initiat-
ing factor of Wnt signaling pathway and involves 
in the classic Wnt signaling pathway. Many 
studies have shown that abnormal activation of 
Wnt1/β-catenin pathway is frequently involved 
in colorectal cancer [14]. Therefore, in the pres-
ent study, we investigated the role of Wnt1/β-
catenin signaling pathway in Valdien inhibited 

colorectal cancer cells proliferation and in- 
duced apoptosis, to investigate the effects of 
Valdien on colorectal cancer cell growth and 
plausible mechanisms.

Materials and methods

Reagents

Valdien was obtained from Dr. Wei Dou (Lan- 
zhou University, China). Cisplatin (DDP) was 
obtained from Qilu pharmaceutical co., LTD, 
(Shandong Province, China). Dimethyl sulfoxide 
(DMSO), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide (MTT), cell culture medi-
um RPMI-1640 and fluorescent dye DCFH-DA 
(2,7-dichlorofluorescin diacetate) were obtained 
from Sigma-Aldrich Co. (St. Louis, MO, USA). 
Heat-inactivated fetal bovine serum (FBS) was 
provided by Sijiqing Company Ltd, China. An 
annexin V-PE apoptosis detection kit was  
purchased from Beyotime Institute of Biote- 
chnology (Nanjing, China).

The antibodies against cleaved caspase-3, cas-
pase-8, Fas, FasL, Bcl-xL, survivin, Bcl-2, Bax, 
cyclin D1, β-catenin, c-Myc, and E-cadherin we- 
re purchased from Cell signaling Technology 
(Beverly, Mass, USA). The antibody against 
Wnt1 and p21 were purchased from Abcam  
Inc. (USA). Goat anti-rabbit or Goat anti-mouse 
horseradish peroxidase-conjugated secondary 
antibodies were obtained from Santa Cruz 
Biotechnology (Santa Cruz, CA, USA). Primary 
β-actin antibody was obtained from Boster 
Biological Technology, Ltd. (Wuhan, China). Bic- 
inchoninic acid (BCA) protein assay reagent kit 
was purchased from Applygen Technologies 
inc., (Beijing, China).

Cell lines and cell culture

Human colon carcinoma HCT-116 cells, human 
colorectal cancer HT-29 and Lovo were pur-
chased from Cell Bank of Type Culture Co- 
llection of Chinese Academy of Sciences 
(Shanghai, China). The cells of HT-29, HCT-116 
and Lovo were all cultured in RPMI-1640  
medium supplemented with 10% heat-inacti-
vated FBS, 100 U/mL of penicillin and 100 μg/
mL of streptomycin in a CO2 incubator with a 
humidified atmosphere of 5% CO2 at 37°C. The 
cells in logarithmic growth phase were used in 
all experiments.

Figure 1. N1,N3-bis(3-methoxysalicylidene) diethyl-
enetriamine (Valdien) molecular structure.
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MTT assay

The inhibition effects of Valdien on HT-29, HCT-
116 and Lovo cells proliferation were assessed 
by MTT assay. The cells were seeded in 96-well 
plates with 100 μl of the appropriate medium 
at a density of 1×105 cell/well. After 24 h of 
incubation, the cells were incubated with differ-
ent concentrations of Valdien (2.5, 5, 10, 20 
and 40 µg/mL) for a further 48 hours. For the 

nentially growing cultures were seeded in 
12-well culture plates and treated with Valdien 
at 20 and 40 µg/mL for 48 h. The HCT-116 cells 
were harvested and fixed in 4% paraformalde-
hyde and incubated at room temperature for 30 
min. The fixative was removed and the HCT-116 
cells were washed twice with phosphate-buff-
ered saline (PBS), resuspended in 50 μL of PBS 
containing 16 μg/mL bisbenzimide trihydro-
chloride (Hoechst 33258), and incubated for 

Figure 2. Effect of Valdien on the proliferation of HCT-116 cells. A. Valdien 
inhibits proliferation of HT-29, HCT-116, and Lovo cells in a concentration-
dependent manner. Cells were cultured in 96-well plate and treated with dif-
ferent concentrations of Valdien for 48 hours. B. Valdien inhibits proliferation 
of HCT-116 cells in a dose-dependent manner and a time-dependent man-
ner. Cells were cultured in 96-well plate and treated with different concentra-
tions of Valdien (2.5-40 µg/mL) for 24, 48 and 72 hours, respectively. MTT 
assay was used to evaluate the cells population proliferation. Each datum 
indicated mean ± SD of 3 independent experiments. #P < 0.05 or ##P < 0.01 
versus control.

time course assay, the incu-
bation time with Valdien was 
24, 48, and 72 hours, respec-
tively. Subsequently, 20 μL of 
MTT solution (5 mg/mL) was 
added to each well at a final 
concentration of 0.5 mg/mL 
and incubated at 37°C with 
5% CO2 for another 4 h. Then, 
the supernatants were disca- 
rded, and 100 μL DMSO were 
added to each well to dissolve 
purple crystals of formazan. 
The plate was shaken for 10 
minutes to allow complete 
solubilization and the absor-
bance was read at 570 nm 
using an ELISA microplate re- 
ader (EL800, BioTek Instru- 
ments Inc.). The IC50, which is 
the concentration that caused 
50% inhibition of cancer cell 
growth, was calculated using 
the logit method [15].

Cell cycle analysis

To examine whether Valdien 
inhibited cell cycles, we ana-
lyzed cell cycle by the flow 
cytometry. Briefly, HCT-116 
cells were seeded in 6-well 
plates for 24 h, and then they 
were cultured with Valdien  
(20 and 40 µg/mL) for 24 h. 
Following incubation, the cells 
were collected and fixed with 
70% ethanol at 4°C overnight. 
The samples were analyzed 
with a flow cytometry.

Hoechst fluorescent staining

For Hoechst fluorescent stain-
ing, HCT-116 cells from expo-
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10 min at room temperature. Ten-microliter ali-
quots of the cells were placed on glass slides, 
and triplicate samples of 500 cells each were 
counted and scored for the incidence of apop-
totic chromatin condensation by using a Zeiss 
fluorescent microscopy.

Transmission electron microscopy

To gain further insight into the anti-proliferative 
effects of Valdien on HCT-116 cells, transmis-
sion electron microscopy (TEM) was used to 
obtain ultrastructural information. HCT-116 ce- 
lls (1×105) were treated with Valdien (20 and 40 
µg/mL) at 37°C for 48 h and then collected for 
electron microscopy [16]. The pellet was fixed 
in 5% glutaraldehyde for 30 min and then pl- 
aced in 1% osmium tetroxide in 0.1 mol/L sodi-
um cacodylate (PH 7.4) for 1 h. The HCT-116 
cells were desiccated in graded series of ace-
tone and embedded with EPON-812. Ultrathin 
sections were prepared and observed under a 
Hitachi transmission electron microscope with 
×8000 magnifications after double staining 
with uranium and plumbum. The untreated 
cells were used as a control.

Flow cytometric analysis of apoptosis

For apoptosis assay, the HCT-116 cells were 
seeded in 12-well plates at a density of 1×105 

turer. Flow cytometric analysis was performed 
immediately after supravital staining.

Western blotting analysis

The HCT-116 cells (1×105 cells/well) were treat-
ed with different concentrations of Valdien 
(2.5-40 µg/mL) for 48 hours. For Western blot 
analysis, the cells were harvested, washed with 
cold PBS, and then lysed in RIPA buffer 
(Beyotime, China) [8, 9]. Protein concentrations 
were measured by the BCA method. For west-
ern blotting analysis, 30 µg of protein from 
each sample was separated by 12% SDS-PAGE 
and transferred to nitrocellulose membranes. 
The membranes were blocked with 0.5% BSA in 
TBST (pH 8.0) for 1.5 h and then incubated 
overnight at 4°C with suitably diluted primary 
antibodies. Then the membranes were incubat-
ed in horseradish peroxidase (HRP)-linked anti-
biotin and the appropriate secondary antibody 
in TBST with 0.5% BSA for 1 h at room tempera-
ture. The blots were detected using the ECL 
reaction. Quantification of protein bands was 
achieved by densitometric analysis using 
Image-Pro Plus software (Media Cybernetics, 
Inc. USA).

Xenograft model of colon carcinoma

A total of 32 female athymic BALB/c nude mice, 
aged 6 weeks and weight 18-22 g were provid-

Figure 3. Cell cycle distribution of HCT-116 cells treated with Valdien detected by flow cytometry. Cells were cultured 
in 6-well plate for 24 h and than treated with different concentrations of Valdien (20 and 40 µg/mL) for 24 hours.

Table 1. Cell cycle ratio of HCT-116 cells treated with 
Valdien detected by flow cytometry (

_
x  ± s, n=3, 24 h)

Group G1 (%) S (%) G2 (%)
0 70.01 ± 2.05 13.27 ± 0.89 14.35 ± 1.19
20 µg/mL 68.19 ± 1.32 18.42 ± 1.28## 13.42 ± 1.22
40 µg/mL 65.51 ± 1.01# 21.75 ± 1.51## 12.81 ± 0.96
Results are expressed as means ± SD, #P < 0.05 or ##P < 0.01 
versus control. 

cell/well under standard culture condi-
tions and kept over at 37°C humidified in- 
cubator with 5% CO2. After incubation with 
Valdien (20 and 40 µg/mL) for 48 h, the 
HCT-116 cells were harvested and washed 
twice with cold PBS. Apoptotic cell death 
was identified by double supravital stain-
ing with recombinant FITC-conjugated An- 
nexin V and PE, using the apoptosis detec-
tion kit by the instructions of the manufac-
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ed by Beijing Weitonglihua Laboratory Animal 
Co., Ltd. (Beijing, China; animal quality license, 
SCXK (Jing) 2013-0021). The specific pathogen 
free (SPF) nude mice were reared under the 
sterile conditions at a constant temperature of 
22-24°C, and 50-55% humidity with a 12 h 
light/dark cycle. The nude were freely fed with 
standard laboratory forage and water. The HCT-
116 cells were injected subcutaneously into 
the right front armpit of each nude mouse at 
the density of 1×108 cells/mL. After transplan-
tation, the nude mice were randomly divided 
into five groups: model control group (n=7), pos-
itive control group (Cisplatin group, DDP) (n=6) 
and Valdien low dose (Valdien-L, 5 mg/kg, n= 
6), medium dose (Valdien-M, 10 mg/kg, n=6), 
and high dose (Valdien-H, 20 mg/kg, n=7) 
treatment group. Valdien was injected intraperi-
toneally at dose of 5, 10 and 20 mg/kg per day 
for 21 days. DDP group mice were injected at 

dose of 5 mg/kg every three days, for 4 times. 
The weights of the mice and the volume of the 
tumor size were recorded every two days until 
the animals were sacrificed. All nude mice were 
sacrificed with isoflurane inhalation anesthesia 
and cervical dislocation method after treat-
ment with Valdien for 21 d and tumors were 
quickly excised for further analysis. The tumor 
growth inhibition rate was counted by the fol-
lowing formula: Inhibition rate (IR) (%) = (1-Wt/
Wc) ×100, where Wt and Wc represent tumor 
weight of treatment and control groups. This 
study was performed in strict accordance with 
the Animal Research Institute Committee gui- 
delines of Gansu provincial Hospital (Lanzhou, 
China). The animal experiment was approved by 
the Institutional Animal Care and Use Com- 
mittee (IACUC) of Gansu provincial Hospital. All 
of the animal experimental procedures were 
carried out in the experimental animal center of 

Figure 4. Photomicrographs of HCT-116 cells stained with bisbenzimide trihydrochloride (Hoechst 33258) to evalu-
ate apoptosis. HCT-116 cells from exponentially growing cultures were seeded in 12-well culture plates and treated 
with Valdien at 20 and 40 µg/mL for 48 h.

Figure 5. Effects of Valdien on ultrastructure of HCT-116 cell demonstrated by transmission electron microscope of 
ultra-thin section (48 h ×8000). A. Cells from control sample with intact cell wall; B and C. Cells were incubated with 
Valdien (20 and 40 µg/mL) at 37°C for 48 h. All images are shown at the same magnification.
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Gansu provincial Hospital. All 
efforts were made to mini-
mize animal suffering.

Immunohistochemistry

After mice were sacrificed, 
quickly excised tumor tissues 
and fixed in 10% formalin. 
After routine deparaffinizati- 
on, antigen retrieval, and bl- 
ock endogenous peroxidase 
activity, the paraffin-embed-
ded tumor sections were th- 
en incubated with antibodies 
against Bcl-2 (1:100) or Bax 
(1:100). According to the st- 
andard avidin-biotin complex 
(ABC) kits instructions, visual-
ized by exposing to diami- 
nobenzidine (DAB) substrate, 
the slides were counterstain- 
ed with Mayer’s hematoxylin 
before undergoing dehydra-
tion, clearing and mounting 
steps.

Statistical analysis

All data were expressed as 
mean ± SD of three indepen-
dent experiments and each 
experiment included triplicate 
sets. Statistical analysis was 
performed by one-way ANOVA 
followed by Dunnett’s test, 
with the level of P < 0.05 con-
sidered to be significant.

Figure 6. Valdien promotes apoptosis of HCT-116 cells. HCT-116 cells were seeded in 12-well-plates overnight, and 
then were treated with different concentrations of Valdien (20 and 40 µg/mL) for 48 hours. Annexin-V/PE stain was 
used to measure apoptosis populations. Apoptosis populations are measured by flow cytometry. The results are 
representative of three separate experiments.

Figure 7. Apoptosis triggered by Valdien was mediated via the caspase cas-
cades. A. Valdien induced dose-dependent activation of caspase-3, -8, Fas 
and FasL. B. Columns represent the ratios of Cleaved-caspase-3, -8, Fas and 
FasL to β-actin after treatment with Valdien 2.5-40 µg/mL) for 48 h. The pro-
teins were subjected to Western blot analysis using the respective antibodies 
as indicated. Data are representative of three separate experiments. ##P < 
0.01 versus control.
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Results

Valdien inhibits HCT-116 cells proliferation

The MTT assays were used to examine the 
effects of Valdien on cells proliferation of 
colorectal cancer cells lines. After treatment 
48 h, Valdien (2.5, 5, 10, 20, and 40 µg/mL) 
significantly reduced the proliferation of HT-29, 
HCT-116 and Lovo cells in a concentration-
dependent manner (Figure 2A). The results 
also demonstrated that treatment with Valdien 
caused inhibition of HCT-116 cells proliferation 
in a concentration-dependent and time-depen-
dent manner (Figure 2B). The IC50 values of 

Hoechst was used to understand whether 
Valdien inhibited HCT-116 cells proliferation by 
induced apoptosis. As showed in Figure 4, HCT-
116 cells treated with Valdien (20 and 40 μg/
mL) 48 h display condensation of chromatin 
and appearance of apoptotic bodies. Transmi-
ssion electronic microscopy (TEM) was used to 
evaluate morphological ultrastructural. Apop- 
totic cells observed in response to Valdien for 
48 h were characterized by nuclear fragmen- 
tation and strong condensation of chromatin 
(Figure 5). Valdien-induced apoptosis in HCT- 
116 cells was further confirmed using Annexin 
V/PE staining assays. As shown in Figure 6, 
treatment of HCT-116 with Valdien for 48 h 

Figure 8. Effect of Valdien on the expressions of Bcl-xL, survivin, Bcl-2 and 
Bax in HCT-116 cells. A. Valdien significantly decreased the expression of Bcl-
xL, survivin and Bcl-2 in a dose-dependently, whereas markedly increased 
the expression levels of Bax. B. Columns represent the ratios of Bcl-xL, sur-
vivin, Bcl-2 and Bax to β-actin. Protein was extracted from HCT-116 cells 
treated with Valdien (2.5-40 µg/mL) for 48 h. Data are representative of 3 
separate experiments. Parallel blotting was performed with β-actin antibody. 
##P < 0.01 versus control.

Valdien for the HCT-116 cells 
at 24, 48 and 72 h were 
19.84, 12.6 and 9.60 µg/mL, 
respectively.

Valdien induces S-phase ar-
rest in HCT-116 cells

As we have observed a signifi-
cant growth-inhibitory effect 
of Valdien on HCT-116 cells, 
we further investigated wh- 
ether Valdien could inhibit the 
cell cycle progression. To ex- 
amine whether Valdien inhib-
ited colon cancer cell HCT-
116 growth through blocking 
cell cycle progression, we 
treated HCT-116 cell with con-
centrations of Valdien (20 and 
40 µg/mL) for 24 h and sub-
jected to flow cytometric anal-
ysis. As shown in Figure 3 and 
Table 1, the cell number in S 
phase was significantly incre- 
ased, accompanying with a 
decrease in G1 and G2/M ph- 
ase when compared with the 
control cells after treating the 
cells with Valdien for 24 ho- 
urs. The data suggests that 
the inhibition of cell prolifera-
tion by Valdien is associated 
with the induction of S-phase 
arrest.

Valdien induces apoptosis in 
HCT-116 cells
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increased the percentage of apoptotic cells in a 
dose-dependent manner.

Effect of Valdien on the apoptosis-related pro-
tein expression in HCT-116 cells

In order to investigate the potential mechanism 
of Valdien-induced apoptosis in HCT-116 cells, 
we detected the expression level of apoptosis-
related protein. Our result showed that HCT-
116 cells incubated with Valdien (2.5-40 µg/
mL) for 48 h markedly increased Fas, FasL, 
cleaved caspase-3 and caspase-8 in a concen-
tration-dependent manner (Figure 7). To fur-
ther examine the mechanism of Valdien-
induced apoptosis in HCT-116 cells, we used 
the western blotting to assess the expression 

pathway is one of the important reasons for the 
occurrence of colon cancer. To examine the 
mechanism responsible for the observed 
effects of Valdien, we further tested the protein 
expression levels of the factors related to Wnt1 
signaling pathway by western blotting. We dem-
onstrated that Valdien had significantly inhibit-
ed the expression of Wnt1, β-catenin, c-Myc 
protein levels in a dose-dependent manner, 
whereas markedly increased the expression 
levels of E-cadherin (Figure 10).

Valdien inhibits HCT-116 cells growth in vivo

To investigative whether Valdien could inhibit 
colon cancer growth in vivo, we examined the 
effects of Valdien on the growth of xenograft 

Figure 9. Effect of Valdien on the expressions of cell cycle protein cyclin D1 
and p21 in HCT-116 cells. A. Valdien significantly decreased the protein ex-
pression of cyclin D1 and up-regulated p21. B. Columns represent the ratios 
of cyclin D1 and p21 to β-actin. Protein was extracted from HCT-116 cells 
treate 2.5-40 µg/mL Valdien for 48 h. Data are representative of 3 sepa-
rate experiments. Parallel blotting was performed with β-actin antibody. ##P 
< 0.01 versus control.

level of antiapoptosis proteins 
(such as Bcl-xL, survivin and 
Bcl-2) and proapoptotic pro-
teins (Bax). As showed in Fi- 
gure 8, Valdien significantly 
decreased the protein expres-
sion level of Bcl-xL, survivin 
and Bcl-2 in a dose-depend-
ently, whereas markedly incr- 
eased the levels of pro-apop-
totic Bax.

Effect of Valdien on the ex-
pression of cell cycle protein 
cyclin D1 and p21

As shown in Figure 9, Valdien 
decreased cyclin D1 and up-
regulated p21 protein expres-
sion, which participate in cell 
cycle regulation. These results 
indicate Valdien could induce 
cell cycle arrest at S phase by 
regulating cyclin D1 and p21.

Valdien regulated Wnt1/β-
catenin signaling pathway in 
HCT-116 cells

Recent studies showed that 
Wnt signaling pathways of 
abnormal activation play a 
key role in the process of cells 
carcinogenesis, tumorigene-
sis and tumor invasion, espe-
cially the abnormal activation 
of Wnt1/β-catenin signaling 
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played strong to moderate Bcl-2 staining inten-
sity but treated with different doses of Valdien 
(5, 10 and 20 mg/kg) showed weak or unde-
tectable Bcl-2 expression. The results indicated 
that MnSODm suppress tumor growth may be 
through promoting apoptosis, in line with down-
regulation of Bcl-2 and activation of Bax.

Discussion

Colon cancer is one of the most common malig-
nant tumors, and its incidence is increasing 
year by year. However, the high toxicity and low 
selectivity of most currently used antitumor 
drugs compromise the beneficial treatment 
effects of these agents [17, 18]. Therefore, 

Figure 10. Effects of Valdien on the Wnt1/β-catenin signaling pathway. A. 
HCT-116 cells were treated with 2.5-40 µg/mL Valdien for 48 h. Valdien 
significantly reduced the protein expression levels of Wnt1, β-catenin, c-
Myc, whereas markedly upregulated the expression levels of E-cadherin. B. 
Columns represent the ratios of Wnt1, β-catenin, c-myc, and E-cadherin to 
β-actin. Data are representative of 3 separate experiments. #P < 0.05, ##P < 
0.01 versus control.

colonic tumors in athymic 
BALB/c nude mice. As shown 
in Figure 11, Valdien obvious-
ly suppressed the tumor 
growth as compared with con-
trol group. The average tum- 
or volume and tumor weight 
were remarkably reduced in 
Valdien treated groups, sug-
gesting Valdien strongly inhib-
ited tumor growth in xenograft 
human colonic tumor model 
(Table 2). Moreover, our resu- 
lts showed that the mimic of 
Valdien treated mice have lit-
tle effect on body weight at 
the tested concentration, sug-
gesting little toxicity of this 
compound (Table 2).

We used immunohistochemi-
cal staining to study the pro-
teins expression of Bcl-2 and 
Bax in Valdien-treated and 
control tumor samples. Our 
results showed that the per-
centage of Bax positive cells 
was obviously increased in 
Valdien-treated groups as 
compared with the control 
group (Figure 12). The apop-
totic promoting effect of this 
mimetic complex was further 
confirmed by the results gen-
erated from Bcl-2 immunohis-
tochemical staining. As show- 
ed form Figure 12, majority of 
tumors from control group dis-

Figure 11. Valdien could significantly reduce the xe-
nograft tumor volumes. Tumors of control mice, PDD 
and different dose of Valdien treated mice on d 21 
are shown. Valdien-L, 5 mg/kg, Valdien-M, 10 mg/kg, 
and Valdien-H, 20 mg/kg.
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there is an urgent need for developing new che-
motherapeutic agents with relatively high se- 
lectivity and low toxicity to prevent and treat 
colon cancer. Whether Valdien has antitumor 
effects on colon cancer and what are the phar-
macological mechanisms and molecular tar-
gets are poorly understood. This study was 
designed to investigate the mechanism by 
which Valdien mediates its antitumor effects in 
colon cancer both in vitro and in vivo.

As is commonly known, uncontrolled cell prolif-
eration is the main mechanism for neoplastic 
progression [19]. The present study indicated 
that that Valdien remarkably inhibited cell  
proliferation in HT-29, Lovo and HCT-116 cell 
lines in a concentration-dependent manner. 
The results also showed that Valdien inhibition 
was against the HCT-116 cells proliferation in  
a time-dependent manner. In addition, Valdien 
displayed more sensitive to HCT-116 cells  
than HT-29 and Lovo cell lines, so we chose 
HCT-116 cells for the following studies. Cell  
proliferation was controlled by the progression 
of the cell cycle [20]. To investigate how Valdien 
inhibited cell proliferation, we used the flow 
cytometry to assess the effect of Valdien on 
cell cycle distribution. The result showed 
Valdien induced cell cycle arresting at S phase 
by regulating cyclin D1 and p21, which played 
the important role in cell cycle regulation.

Apoptosis is an important phenomenon in cyto-
toxicity induced by antitumor drugs. The execu-
tion of apoptosis, or programmed cell death 

increased after being treated with different 
concentrations of Valdien in HCT-116 cells.

Apoptosis is a form of programmed cell death 
that typically leads to caspase activation 
through two major routes, the extrinsic death 
receptor and the intrinsic mitochondrial path-
ways [22]. Fas is a cell surface protein that 
belongs to the death receptor family, and has a 
pivotal role in apoptosis of various cancer cells 
included colorectal [23] via activation by its 
natural ligand, FasL. The death-inducing signal-
ing complex (DISC) is rapidly formed after Fas 
stimulation, which consists of oligomerized 
Fas, FADD and procaspase-8. After binding to 
the DISC, pro-caspase-8 homodimers undergo 
a conformational change, and autocatalytic 
processing induces the generation of active 
caspase-8, leading to the activation of cas-
pase-3. This caspase cascade leads to DNA 
damage and cell apoptosis [24-27]. In our 
study, we found that treatment of HCT-116 cells 
with Valdien resulted in increased the expres-
sion of Fas, FasL, cleaved caspase-8 and cas-
pase-3. This indicated that Valdien triggers 
apoptosis through the death receptor pathway.

In addition, apoptosis is regulated by a complex 
process that is tightly regulated by the balance 
of several antiapoptotic proteins (such as Bcl-
xL, survivin and Bcl-2) and proapoptotic pro-
teins (such as Bax and Bak) [28]. Our studies 
suggested that Valdien induced apoptosis of 
HCT-116 cells is associated with down-regula-
tion the expression levels of Bcl-xL, Bcl-2 and 

Table 2. Effect of Valdien on the inhibition of the xenograft tumor 
volumes on HCT-116 cells in mice (

_
x  ± s)

Group n Begin body 
weight (g)

End body 
weight (g)

Tumor  
weight (g)

Inhibition 
Rate (IR%)

Control 7 19.4 ± 1.9 23.3 ± 2.1 1.79 ± 0.33 -
DDP 6 19.5 ± 1.8 21.6 ± 2.4 1.01 ± 0.49# 43.48
Valdien-L, 5 mg/kg 6 19.8 ± 2.1 22.2 ± 2.5 1.07 ± 0.50# 40.43
Valdien-M, 10 mg/kg 6 19.3 ± 1.8 22.8 ± 2.6 0.99 ± 0.56# 44.58
Valdien-H, 20 mg/kg 7 19.2 ± 2.3 22.6 ± 2.2 0.70 ± 0.36## 60.92
HCT-116 cells (1×107 cells/animal) were inoculated subcutaneously into the right 
front armpit of mice. Animals were divided into five groups and treated with different 
dose of Valdien and DDP 48 h after inoculation. Valdien was administered intra-
peritoneally at dose of 5, 10, 20 mg/kg per day for 21 days. DDP was administered 
intraperitoneally at dose of 5 mg/kg every three days for once. Control mice received 
normal saline. 24 h after the last treatment, all the animals were sacrificed and tu-
mors were extirpated. Results are expressed as means ± SD, #P < 0.05 or ##P < 0.01 
versus control. IR (%) = (1-Wt/Wc) ×100, where Wt and Wc represent tumor weight of 
treatment and control groups.

[21], is associated with 
characteristic morphologi-
cal and biochemical chang-
es mediated by a series of 
gene regulation and cell sig-
naling pathways. To unveil 
the underlying mechanism 
of Valdien inhibition cell pro-
liferation, we examined HCT-
116 cells treated with Val- 
dien for evidence of apopto-
sis. After treated with Val- 
dien, the HCT-116 cells dis-
played clearly morphological 
signs of apoptosis in micro-
scopic observation. In addi-
tion, the percentage of apo- 
ptotic evidenced by annexin 
V-PE staining was gradually 
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survivin while markedly increased the expres-
sion levels of Bax.

Wnt signaling pathway is a kind of highly con-
servative signal transduction pathway in the 
process of biological evolution. As an important 
member of the Wnt family, Wnt1 has been 
reported as a proto-oncogene which has the 
ability to activate the Wnt/β-catenin signaling 
pathway [29]. Studies have indicated that Wnt1 
could regulate the progression of cancer beca- 
use it promotes cell proliferation, migration and 
prolongs cancer cell survival [30, 31]. Wnt1 
binds to specific Frizzled (FZD) surface recep-
tors of target cells to activate distinct intracel-
lular pathways, resulting in the accumulation 
and nuclear localization of downstream mole-
cule β-catenin protein. β-catenin protein, as a 
key component of Wnt pathway controlling 
proliferation and cell cycle, is responsible for 
cellular adhesion since it forms a complex with 
E-cadherin [32]. Changes of membrane β-cate- 
nin level may be caused by the decrease of 
membrane E-cadherin. Wnt antagonist remark-
able inhibited cancer cells invasion and induced 
the expression of Wnt/β-catenin transcriptional 
target gene E-cadherin [29]. C-Myc gene, as the 
downstream target gene of Wnt/β-catenin sig-
naling pathway, is over-expressed in many 
human malignant tumors. Some clinical stud-
ies have reported that abnormal activation of 
Wnt/β-catenin pathway is frequently involved in 
colon cancer [33, 34]. To explore the role and 
mechanism of Valdien in colon cancer, we 
investigated the expression levels of Wnt1 and 

the downstream molecules β-catenin, c-Myc 
and enforced E-cadherin in Wnt signaling. The 
down-regulation of Wnt1 expression by Valdien 
inhibited the constitutive expression of β-cate- 
nin, c-Myc and enforced E-cadherin levels. 
Taken together, these data indicated that the 
inactivation of the Wnt1/β-catenin signaling 
pathway played an important role in Valdien 
induced HCT-116 cell death.

Xenograft colonic tumors in athymic BALB/c 
nude mice were used to investigate the antitu-
mor effect of Valdien on colon cancer in vivo. 
The result showed that Valdien could effectively 
suppress tumor growth in vivo and without any 
influence on the body weight of mice. Our study 
also showed that the anticancer effect on HCT-
116 cells xenografted mice may be due to 
Valdien induced apoptosis.

In summary, this study provides evidence that 
Valdien inhibited the proliferation of HCT-116 in 
vitro. The mechanisms of Valdien inhibited the 
proliferation and induced apoptosis of Valdien 
in this study may be partially due to regulating 
the Wnt1/β-catenin signaling pathway involving 
the activation of the death receptor pathway. 
Moreover, the in vivo antitumor activity of 
Valdien is demonstrated in the human colon 
cancer cells line HCT-116 xenografted model. 
The significance of this study lies in that it 
examines the functions of Valdien in human 
colon cancer for the first time. The findings 
obtained here may be helpful for understand-
ing the properties of Valdien as a candidate of 
antitumor drugs.

Figure 12. Effect of Valdien on HCT-116 tumor cell apoptosis in vivo. Immunohistochemical staining was carried out 
on the Valdien-treated and control tumors using antibodies against Bcl-2 and Bax. Photos were taken under ×100 
magnification.
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