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Abstract 

Background & Aims: Low-molecular-weight citrus pectin (LCP) is a complex polysaccharide 
that displays abundant galactosyl (i.e., sugar carbohydrate) residues. In this study, we evaluated the 
anti-tumor properties of LCP that lead to Bcl-xL -mediated dampening of apoptosis in 
gastrointestinal cancer cells. 
Methods: We used AGS gastric cancer and SW-480 colorectal cancer cells to elucidate the 
effects of LCP on cell viability, cell cycle and apoptosis in cultured cells and tumor xenografts. 
Results: Significantly decreased cell viabilities were observed in LCP treated AGS and SW-480 
cells (P<0.05). Cell cycle-related protein expression, such as Cyclin B1, was also decreased in LCP 
treated groups as compared to the untreated group. The AGS or SW-480 cell-line tumor 
xenografts were significantly smaller in the LCP treated group as compared the untreated group 
(P<0.05). LCP treatment decreased Galectin-3 (GAL-3) expression levels, which is an important 
gene in cancer metastasis that results in reversion of the epithelial-mesenchymal transition (EMT), 
and increased suppression of Bcl-xL and Survivin to promote apoptosis. Moreover, results 
demonstrated synergistic tumor suppressor activity of LCP and 5-FU against gastrointestinal 
cancer cells both in vivo and in vitro. 
Conclusions: LCP effectively inhibits the growth and metastasis of gastrointestinal cancer cells, 
and does so in part by down-regulating Bcl-xL and Cyclin B to promote apoptosis, and suppress 
EMT. Thus, LCP alone or in combination with other treatments has a high potential as a novel 
therapeutic strategy to improve the clinical therapy of gastrointestinal cancer. 

Key words: Low-molecular-weight citrus pectin (LCP); gastrointestinal cancer cells; caspases; apoptosis; 
epithelial- mesenchymal transition (EMT). 

Introduction 
Gastrointestinal cancer is an important 

malignant tumor and a significant threat to human 
health [1]. Even with remarkable gains in our 
understanding of the molecular mechanisms that are 
involved in the most common gastrointestinal 
cancers, it is obvious that the most promising hope in 
the foreseeable future lies in the chemoprevention 
strategies of recurrent cancer and its associated 

precursors. Experimental, epidemiological, and 
clinical data from the past two decades have each 
supported the hypothesis that some chemopreventive 
agents possesses anti-cancer properties, and that use 
of chemopreventive approaches might also reduce the 
lifetime probability of developing or dying from a 
variety of cancers [2-5]. The most convincing evidence 
supports the notion that a plant-based diet that is rich 

 
Ivyspring  

International Publisher 



Int. J. Biol. Sci. 2016, Vol. 12 
 

 
http://www.ijbs.com 

747 

in both fruits and vegetables, is protective, and 
connotes decreased risk for gastrointestinal cancer 
[6-8]. Many experimental chemopreventive agents 
have been derived from plant chemistry of foods that 
are associated with a decreased risk of developing 
cancers of the gastrointestinal tract [6-10]. Among the 
agents currently in experimental studies and clinical 
testing are anti-oxidants [11], metabolic modulators 
[12], epigenetic modulators [13], anti-proliferatives 
[14], anti-angiogenic [15], and reversion of epithelial- 
mesenchymal transition (EMT) [16], among other 
approaches that are beyond the scope if this article. 
The present status of ongoing gastrointestinal cancer 
prevention trials suggests that this disease, in 
particular, may well be clinically suited to 
chemopreventive approaches. An increasing number 
of novel technologies have been used as to assess the 
mechanism and efficacy of particular preventive 
strategies. 

Citrus pectin, a natural substance which was 
found in pulp and peel of citrus fruits like tangerines, 
grapefruits, lemons and oranges, is a complex 
polysaccharide containing abundant galactosyl (sugar 
carbohydrate) residues [17,18]. Low-molecular- 
weight citrus pectin (or LCP) used in this current 
study consists of short, slightly-branched, 
carbohydrate chains which come from the soluble 
albedo fraction of citrus fruit peels, and these chains 
are modified to decrease molecular weight and degree 
of esterification through physical and biological 
methods including temperature, pH, and enzymatic 
process, thus we increased its absorption into the 
circulatory system. LCP is relatively rich in galactose, 
and it can antagonize a binding protein known as 
Galectin-3 (GAL-3), leanding to a suppression of 
cancer cell aggregation, adhesion, and metastasis 
[19,20]. LCP acts as a ligand for GAL-3, which plays a 
critical role in the tumorigenesis and cancer 
progression [21-25]. Moreover, LCP also exhibits 
anti-metastatic effects on cancer cells in vivo and in 
vitro [26,27]. Clinical trials with LCP indicated an 
elevation in prostate specific antigen doubling time 
which is a symbol of progression slowing of prostate 
cancer [28], a significant improvement of patients life 
quality, and stabilization of disease progression in 
patients with advanced tumor [29]. Taken together, 
LCP has shown promise as an anti-cancer agent for 
cancer prevention and treatment. In this report, we 
have investigated the effect of LCP on cell 
proliferation, migration and death of gastrointestinal 
cancer cells using the AGS gastric cancer cell-line and 
the SW-480 colorectal cancer cell-line both in vitro and 
in vivo. The related mechanisms of action of LCP were 
studied with respect to cell cycle progression, cell 
viability, and apoptosis through caspase-dependent 

pathway, and inhibition of metastasis by reversion of 
epithelial-mesenchymal transition (EMT). 

Materials and methods 
Chemical reagents 

PYKTIN® LCP was from Centrax International, 
Inc. (139 Mitchell Ave., Suite 101, South San Francisco, 
CA94080, USA). Primary antibodies used in this study 
included those against Cyclin A, Cyclin B1, GAL-3, 
E-cadherin, Snail, Twist, Vimentin and Zeb1 were 
purchased from cell signaling; and those against 
Survivin, Bcl-xL, Caspase-3, and Caspase-8 were from 
Sigma (St. Louis, MO). Alpha-tubulin antibody was 
from Santa Cruz Technologies. HRP-conjugated 
anti-rabbit or anti-mouse secondary antibodies were 
from GE Healthcare. 5-FU was purchased from APP 
Pharmaceuticals. 

Cell culture and treatments 
AGS gastric cancer cell-line and SW-480 

colorectal cancer cell-line were grown in RPMI 1640 
(Gibco BRL, Life Technologies, Inc., Rockville, MD, 
USA) with 2 mol/L L-glutamine, 10% 
heat-inactivated fetal bovine serum (FBS, Gibco BRL, 
Life Technologies, Inc.) and 5% mixture of 100 U/mL 
penicillin, 100 µg/mL streptomycin, 0.25 µg/mL 
amphotericin B (antibiotic-antimycotic, Gibco BRL, 
Life Technologies, Inc.), respectively. After 
sub-cultured for 24 hrs, exponentially growing cell 
suspensions were distributed into 25-cm2 cell culture 
flasks at a density of 5×104 cells/mL (5 mL medium). 
Cells were routinely examined for mycoplasma 
contamination, then maintained in a fully-humidified 
incubator in consisting of 50 mL/L CO2 in air at 37°C. 
All experiments were performed with cells in the 
logarithmic phase of growth. For treatment, various 
doses of LCP (i.e., 0.625, 1.25, 2.5, 5.0, and 10.0 
mg/ml), 5-FU (i.e., 25, 50, 100, 200, and 400 μM), or 
their combination (5.0 mg/ml LCP and 200 μM 5-FU) 
were added to the medium directly before detection. 

MTT assay 
 Cells at a density of 5×103 cells/well were 

grown in flat-bottomed 96-well cell culture plates in 
appropriate medium supplemented with 2% 
heat-inactivated FBS. Then, the cells were treated with 
graded concentrations of LCP, 5-FU or their 
combination for 24 hrs. Twenty μl of MTT (3-(4,5- 
Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide) reagent (5.0 mg/ml; Sigma, St Louis, MO, 
USA) were added to each well and then incubated at 
37°C for 4 hrs. After removing the media, 200 μl of 
dimethyl sulfoxide was added and placed at room 
temperature for 30 min to dissolve the formazan 
crystals. The absorbance was detected by a microplate 
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reader (Bio-Rad, Hercules, CA, USA) at a wavelength 
of 60 nm. 

Colony formation assay 
Cells were treated with different concentrations 

of LCP, 5-FU or their combination for 24 hrs and 
colonies were allowed to establish themselves in 
drug-free culture medium for 10 days. Any colony 
that contained more than 50 cells was considered a 
viable clonogenic cell. Colonies were counted after 
staining with 0.1% trypan blue in 50% ethanol. The 
experiment was performed three times for each 
treatment. 

Flow cytometry 
For cell cycle analysis, both cell-lines were 

treated with LCP (5.0, and 10.0 mg/ml), 5-FU (200, 
and 400 μM), or their combination (5.0 mg/ml LCP 
and 200 µM 5-FU) for 24 hrs, and then fixed in chilled 
80% ethanol. The fixed cells were incubated with a 
solution containing 100.0 μg/mL RNase in a 37°C 
water-bath for 45 min. Then, 25 µL of propidium 
iodide (final concentration of 50.0 µg/ml) was added 
to cells and incubated in a 37°C water-bath for another 
15 min. 

Western immunoblotting 
Protein concentrations were quantified using a 

Bio-Rad protein assay. Whole-cell proteins were 
separated on an 8% SDS-polyacrylamide gel, 
transferred to a polyvinylidene difluoride (PVDF) 

membrane (Bio-Rad), and then probed with the 
indicated primary antibodies overnight at 4°C. 
Washed blots were then incubated with horseradish 
peroxidase-conjugated anti-rabbit, anti-mouse, or 
anti-goat antibody (Santa Cruz Biotechnology, CA, 
USA) respectively for 1 hr at room temperature. Blots 
were developed using the peroxidase reaction and 
visualized with enhanced chemiluminescence (ECL) 
detection system (Bio-Rad). 

Immunohistochemical staining 
The immunohistochemical analysis of proteins 

was performed according to a standard protocol. The 
immunohistochemical staining score (ISS) was 
determined by three independent pathologists based 
on combining the staining frequency and intensity as 
previously described [30-32]. 

Human tumor xenografts in athymic nude 
mice 

Female nude mice, aged 5- to 6-weeks (Zhejiang 
Province Experimental Animal Center, China) were 
housed in a sterile environment with micro-isolator 
cages and allowed access to water and chow ad 
libitum. Approximately 1 × 106 cells were resuspended 

in 100 μl of PBS (phosphate-buffered saline solution) 
and injected sub-cutaneously into the flanks of nude 
mice. Once the tumor was measurable, mice were 
treated daily with 5-FU at 25 mg/kg by i.p. injection, 
or 1.0%, 2.5% and 5.0% (wt/vol) LCP by oral gavage 
[27], or by their combination, respectively. LCP was 
dissolved in drinking water. 5-FU was supplied as a 
stock solution. Mice were treated for 7 days a week, 
and terminated after 21 days of treatment. Tumor 
growth was monitored by calipers, and tumor 
volumes were calculated according to the formula 0.5 
× length × width2. Mice were euthanized when 
tumors reached a size of approximately 1.0 cm3. 
Guidelines for the humane treatment of animals were 
followed as approved by the local Animal Care and 
Use Committee, Zhejiang Province Experimental 
Animal Center, China. 

TUNEL assay 
Apoptotic cell death in tumor xenograft tissue 

sections was determined by TUNEL (Terminal 
deoxynucleotidyl transferase-mediated dUTP nick 
end labeling) assay using the TdT-FragEL DNA 
Fragmentation Detection kit (EMD). Briefly, sections 
were digested with proteinase K, and endogenous 
peroxidase activity was blocked with 3% hydrogen 
peroxide in 10 mM Tris (pH 8.0). The sections were 
then placed in equilibration buffer and incubated with 
the TdT enzyme in a humid chamber at 37ºC for 1.5 
hrs. The apoptotic nuclei were stained by 
3,3′-diaminobenzidine and observed by light 
microscopy. We manually counted the number of 
positively stained nuclei and the percentage of 
positive cells, and the total number of cells was 
calculated for each image. 

Statistical analyses 
Results were presented relative to the untreated 

controls. Values represent the means ± SD of a 
minimum of three replicate determinations. Data 
were analyzed by the Duncan test following the 
analysis of variance (ANOVA) procedure when 
multiple comparisons were made. Differences were 
considered significant when an alpha value was P< 
0.05. 

Results 
LCP inhibits both AGS gastric cancer and 
SW-480 colorectal cancer cell growth in vitro 

To test the effectiveness of LCP on the cell 
viability of gastrointestinal cancer, we used AGS 
gastric cancer cells and SW-480 colorectal cancer cells. 
These cells were treated individually with LCP (0.625, 
1.25, 2.5, 5.0, and 10.0 mg/ml), 5-FU (25, 50, 100, 200, 
and 400 µM), or their combination (5.0 mg/ml LCP 
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and 200 µM 5-FU) for 24 hrs. The effects of LCP and 
5-FU on cell viability was assessed by the MTT assay. 
We observed that the effect of LCP on both cell-lines 
was similar and was dose-dependent. Cell viabilities 
of AGS and SW-480 cells were decreased to 76% and 
72% respectively when treated with LCP at a 
concentration of 5.0 mg/ml for 24 hrs. The percentage 
of inhibition on cell viability with different 
concentration of LCP treatment demonstrated a 
significant difference as compared with untreated 
cells in parallel, respectively (all P<0.05; Figure 1A). 
Results showed that both cell-lines were relatively 
more sensitive to 5-FU treatment compared to that 
treated by LCP. In SW-480 cells, there was 38% 
reduction in cell viability with 5-FU at 25 µM 
concentration. However, in AGS cells, 5-FU at 25 µM 
reduced cell viability by approximately 45% as 
compared to control (Figure 1B). Overall, both agents 

elicited decreased cell viability in both SW-480 and 
AGS cells in a dose-dependent manner. Significant 
effects elicited by single LCP (5.0 mg/ml) or single 
5-FU (200 µM) or their combination (5.0 mg/ml LCP + 
200 µM 5-FU) treatment on both AGS and SW-480 
cells were observed as compared to the control group, 
respectively (all P<0.05). The inhibitory ability of both 
AGS and SW-480 cells by combined treatment (5.0 
mg/ml LCP + 200 µM 5-FU) was higher than that seen 
by single 5-FU (200 µM) treatment. However, there 
was no significant difference between them (P>0.05). 
It is notable that the inhibitory ability of both AGS and 
SW-480 cells by combined treatment (5.0 mg/ml LCP 
+ 200 µM 5-FU) or single 5-FU (200 µM) treatment of 
both AGS and SW480 cells was significantly increased 
as compared that mediated by single LCP (5.0 mg/ml) 
treatment (all P<0.05; Figure 1C). 

 
Figure 1. Cytotoxicity of LCP on both 
AGS gastric cancer and SW-480 
colorectal cancer cell growth in vitro. 
1A, AGS and SW-480 cells were treated with 
different concentration of LCP for 24 hrs and 
the cell viability was measured by MTT 
method. The percentage of inhibition on cell 
viability with LCP treatment demonstrated a 
concentration dependent manner and having 
significant difference as compared with 
parallel untreated cells, respectively (*: 
P<0.05). 1B, AGS and SW-480 cells were 
treated with different concentration of 5-FU 
for 24 hrs and the cell viability was measured 
by MTT method. The percentage of inhibition 
on cell viability with 5-FU treatment also 
demonstrated a concentration dependent 
manner and having significant difference as 
compared with parallel untreated cells, 
respectively (*: P<0.05). Moreover, both 
cell-lines were relatively more sensitive to 
5-FU treatment compared to that treated by 
LCP. 1C, Compared with the control group 
(Negative), there were significant effects of 
single LCP (5.0 mg/ml) or single 5-FU (200 
µM) or their combination (5.0 mg/ml LCP + 
200 µM 5-FU) treatment on both AGS and 
SW-480 cells, respectively (* P<0.05). The 
inhibitory ability of both AGS and SW-480 
cells by their combination (5.0 mg/ml LCP + 
200 µM 5-FU) was higher than that by single 
5-FU (200 µM) treatment, but there was no 
significant difference between them 
(P>0.05).The comparison of the percentage 
of inhibition on cell viability among 5.0 mg/ml 
LCP, 200 μM 5-FU and their combination (5.0 
mg/ml LCP + 200 μM 5-FU) treatment. The 
inhibitory ability of both AGS and SW-480 
cells by their combination LCP (5.0 mg/ml) 
and 5-FU (200 μM) or single 5-FU (200 μM) 
was significantly increased than that mediated 
by single LCP (5 mg/ml) (**: P<0.05). 1D, The 
effect of LCP on cell proliferation in AGS and 
SW-480 cells was tested by colony assay. 10 
days after a different range of LCP treatment, 
each colony which contained more than 50 
cells was considered to represent a viable 
clonogenic cell. The inhibitory ability of 
colony formation showed a concentration 
dependent manner. All assays represented 
the mean ± SD of two independent 
experiments with triplicate dishes. 
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LCP suppresses cell proliferation and cell cycle 
in gastrointestinal cancer cells 

The effect of LCP on cell proliferation in AGS 
and SW-480 cells was tested by colony-forming assay 
(Figure 1D). Ten days after a different range of LCP 
treatments, each colony that contained more than 50 
cells was considered to represent a viable clonogenic 
cell. Approximately 76% of AGS cells and 72% of 
SW-480 cells, survived at a concentration of 5.0 
mg/ml, while in AGS and SW480 cells, cell 
proliferation was dampened by approximately 62% 
and 55% respectively at 25 µM 5-FU (Figure 1A and 
B). 

The effect of LCP (5.0, and 10.0 mg/ml) on AGS 
and SW-480 cells showed cell cycle specificity, and 
there was no difference seen between AGS and 
SW-480 cells (see Figure 2A1-3 and 2B1-2). There was 
no significant change in cell cycle after 0.624-2.5 
mg/ml treatment for 24 hrs, which was similar to the 
control group. The fraction of G0/G1 in AGS cells 
decreased from 89.1% to 52.9%, and 48.2% 
respectively after 5.0, and 10.0 mg/ml LCP treatment 
for 24 hrs. By contrast, the fraction of cells in the 
G2/M phase of the cell cycle increased from 6.7% to 
32.2%, and 41.7%, respectively (Figure 2A1-3, 2B-1). 
However, the effects of 5-FU (200, and 400 μM) on 
AGS and SW-480 cells showed remarkable cell cycle 
specificity, even at a treatment dose of 25 μM 5-FU. 
The fraction of AGS cells in the G0/G1 phase of the 

cell cycle decreased from 89.1% to 31.2%, and 28.9% 
after 200, and 400 μM 5-FU treatment respectively for 
24 hrs. By contrast, the fraction of cells in the G2/M 
phase of the cell cycle increased from 6.7% to 38.9%, 
and 48.5%, respectively. The effect of combined 
treatment with 5 mg/ml LCP and 200 μM 5-FU on 
AGS cell cycle showed a greater change than that seen 
following treatment with LCP or 5-FU alone; 
however, there was no significant difference when 
comparing combined or single treatments (P>0.05; 
Figure 2B-3). 

In addition, to better understand the effects of 
LCP on cell cycle of both cell-lines, we evaluated the 
expression of two cell cycle-related enzymes (i.e., 
Cyclin A and Cyclin B1) in both cell-lines according to 
different treatment concentrations of LCP. In these 
experiments, 5-FU treatment was used as a 
comparison. There was no significant change in 
Cyclin A levels in both cell-lines under LCP 
treatment, although a notable reduction was seen at 
various concentrations of 5-FU treatment. However, 
LCP and 5-FU down-regulated the expression of 
Cyclin B1 in both cell-lines. Both LCP and 5-FU 
inhibited expression of Cyclin B1 in both cell-lines at 
low concentrations (i.e., 0.625 mg/ml and 25 µM 
respectively). Both LCP and 5-FU or their combination 
decreased Cyclin B1 levels in AGS and SW-480 cells in 
a dose-dependent manner (Figure 3A and 3B). 

 

 
Figure 2. Flow cytometry analysis of cell cycle in AGS and SW-480 cells after LCP treatment. The percentage of phase population of cell cycle in AGS cells with 
different concentration of LCP treatment for 24 hrs (2A-1, 0 mg/ml; 2A-2, 5.0 mg/ml; 2A-3, 10.0 mg/ml LCP). Flow cytometry analysis of the phase population of AGS cells (2B-1) 
and SW-480 cells (2B-2) after LCP treatment for 24 hrs, showing the effect of different concentrations of LCP on the cell cycle. 2B-3, Effect of different concentration of 5-FU 
or the combination of 5-FU and LCP on the cell cycle in AGS cells. All assays represented the mean ± SD of triplicate independent experiments. 
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Figure 3. Western blot analysis of the expression of cell cycle-related enzymes (Cyclin A and Cyclin B1) in AGS cells (3A) and SW-480 cells (3B) according to different 
concentration of LCP treatment. 5-FU treatment was used as a comparison. The amount of protein was normalized by comparing the intensity of the α-tubulin band. 

 

Effect of LCP on tumor xenograft growth 
After establishing the efficacy of LCP on 

gastrointestinal cancer cells in vitro, we further 
designed in vivo experiments to test the efficacy of 
LCP against AGS and SW-480 xenograft models in 
nude mice. The treatments were initiated 10 days after 
AGS and SW-480 cells were transplanted into nude 
mice. The average tumor weight of the LCP treated 
group was significantly smaller (AGS tumor: 0.38 g, 
and SW-480 tumor: 0.41 g) than that of the untreated 
control group (AGS tumor: 0.85 g, and SW-480 tumor: 
0.87 g), which was similar to the 5-FU (25 mg/kg) 
treated group (0.24 g; all P<0.05). We found a 
dose-dependent relationship between the tumor 
inhibition effect and the concentration of LCP 
treatment. We also tested the effect of 5.0% (wt/vol) 
LCP and 25 mg/kg 5-FU combination on AGS (0.19 g) 
or SW-480 (0.20 g) tumor xenografts as a comparison. 
Results showed that their combined treatment was 
more effective at inhibiting in vivo tumor growth than 
that shown by single LCP or 5-FU treatment (Figure 
4A). Moreover, we found that there was no significant 
difference between AGS and SW-480 cells receiving 
the same dose of LCP or 5-FU or following their 
combined treatment. During this period, each mouse 
was manually examined for body weight every week 
and there were no significant difference between the 
untreated group of mice and their treated 
counterparts (Figure 4B). 

LCP inhibits GAL-3 levels, increases reversion 
of epithelial-mesenchymal transition (EMT) 
and suppresses tumor metastasis in vitro and in 
vivo 

To evaluate the effect of LCP treatment on 
GAL-3 level, we treated AGS and SW-480 cells with 
LCP (5.0 and 10.0 mg/ml) for 24 hrs and detected 

Galectin-3 level by Western blot. We observed that 
LCP treatment decresed GAL-3 level compared with 
untreated control, but not in a dose dependent (Figure 
5A, B). To elucidate the effect of LCP on the 
expression of EMT markers, we treated both cell-lines 
with two different doses (5.0 and 10.0 mg/ml) and 
tested by Western blot. LCP treatment markedly 
enhanced the expression of the epithelial marker 
E-cadherin, and markedly decreased the expression of 
the mesenchymal markers Snail, Twist, Vimentin and 
Zeb1, which indicated the suppression of EMT in both 
cell-lines (Figure 5A, B). There were no significant 
differences in expression of EMT makers in both 
cell-lines when treated with higher dose (10.0 mg/ml) 
of LCP as compared to the relatively lower dose of 5.0 
mg/ml LCP. 

In AGS and SW-480 xenograft nude mice 
experiment, once the tumor was measurable, mice 
were treated daily with 5-FU at 25 mg/kg by i.p. 
injection, or 1.0%, 2.5% and 5.0% (wt/vol) LCP by oral 
gavage, or by their combination, respectively. Results 
showed that LCP treatment significantly altered the 
expression of galcetin-3 and EMT markers such as 
E-cadherin and Twist in a dose- dependent manner as 
compared with controls (all P<0.05; Figure 5C) These 
results are consistent with our in vitro observations 
that showed a critical role of LCP treatment in the 
growth and metastasis of gastrointestinal cancer. 

Effect of LCP on apoptosis in gastrointestinal 
cancer cells 

To analyze the effect of LCP treatment on 
induction of apoptosis in AGS cells and SW-480 cells, 
apoptosis-related proteins were determined by 
Western blot in both cell-lines. We measured the 
expression of apoptotic-related protein levels, which 
included two anti-apoptotic proteins (i.e., Bcl-xL and 
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Survivin) and two pro-apoptotic proteins (i.e., 
Caspase-3 and Caspase-8). There was no significant 
difference in the expression of Caspase-3 and 
Caspase-8 in both cell-lines according to treatment 
with 10.0 mg/ml LCP; however, treatment with 200 
µM 5-FU enhanced the expression of Caspase-3 and 
Caspase-8 in both cell-lines (Figure 6A, B). In 
addition, 200 µM 5-FU was more effective at 
decreasing Survivin expression in SW-480 cells than 

10.0 mg/ml LCP treatment. Moreover, 10.0 mg/ml 
LCP did not reduce Survivin expression in AGS cells, 
while 5-FU did. The expression of Bcl-xL decreased in 
both cell-lines after treatment with LCP or 5-FU, 
which was verified by immunohistochemical staining 
in xenograft tissues (Figure 6A-C). The TUNEL 
analysis showed that LCP treatment significantly 
induced apoptosis in both AGS and SW-480 xenograft 
tissues (Figure 6C). 

 

 
Figure 4. Effect of LCP on tumor xenografts growth. 4A, shows the tumor mass (g) that was measured on the final experiment day immediately after the tumor tissue was 
removed from the mouse by surgical excision. The average tumor mass is indicated as a bold bar in each group. P value was compared with untreated group (Negative). The 
average tumor weight of LCP treated group was significantly smaller than that of untreated control group, being similar to 5-FU treated group. 4B, during this period, each mouse 
was manually examined for body weight every week and there were not significant differences between untreated group mice and treated group mice. All experiments 
represented the mean ± SD of triplicate independent experiments. 

 
Figure 5. Effect of LCP treatment on Galcetin-3 and EMT-related gene expression. Alteration of Galcetin-3 and EMT markers expression after different 
concentration of LCP treatment for 24 hrs in AGS cells (5A) and SW-480 cells (5B). The amount of protein was normalized by comparing the intensity of the α-tubulin band. 5C, 
In AGS and SW-480 xenograft nude mice experiment, when the tumor was measurable, mice were treated daily with 5-FU at 25 mg/kg by i.p. injection, or different dose of LCP 
by oral gavage, or by their combination, respectively. Results showed that 5.0% (wt/vol) LCP treatment significantly alters the expression of Galcetin-3, E-cadherin and Twist at 
mRNA level as compared with controls (all P<0.05). GAPDH was used as reference. All experiments represented the mean ± SD of triplicate independent experiments. 
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Figure 6. Effect of LCP on apoptosis in gastrointestinal cancer cells. The expression of apoptotic-related protein levels which including two anti-apoptotic proteins 
(Bcl-xL and Survivin) and two pro-apoptotic proteins (Caspase-3 and Caspase-8) were determined by Western blot in AGS cells (6A) and SW-480 cells (6B) according to LCP 
(10.0 mg/ml) or 5-FU (200 μM) treatment. 6C, Immunohistochemical staining of Bcl-xL and TUNEL analysis of apoptosis in AGS xenograft tissues. Control group (without LCP 
treatment): ① Bcl-xL protein by IHC; ② Apoptosis by TUNEL. LCP treated group (10.0 mg/ml LCP): ③ Bcl-xL protein by IHC; ④ apoptosis by TUNEL. 

 

Discussion 
Recently there has been increasing interest in the 

potential role of low-molecular-weight citrus pectin 
(LCP) in the prevention and reduction of malignant 
transformation and carcinogenesis. Accumulating 
evidence suggests that small molecular weight pectin 
fragments, which are rich in galactans, can bind to the 
carbohydrate recognition domain (CRD) on the 
pro-metastatic protein GAL-3 [21-25]. This binding 
may inhibit a tumor by blocking the interaction of 
GAL-3 with other proteins and peptides; however, its 
exact mechanisms remain unclear. Our results 
indicated that the anti-tumor activity of LCP alone 
decreased the level of GAL-3, which is an important 
gene in tumor metastasis, and which results in 
reversion of epithelial-mesenchymal transition (EMT), 
reduced cell proliferation, increased suppression of 
anti-apoptotic proteins (e.g., Bcl-xL and Survivin) 
with the collective action of promoting 
caspases-mediated apoptosis and inhibition of tumor 
cell growth. 

Although it was previously reported that LCP 
can effectively inhibit the growth of various tumors 
and suppresses tumor cell metastasis by intercepting 
the adhesion and aggregation of cancer cells [19-29], 
our findings demonstrated synergy, in that we have 
demonstrated a process of chemoprevention of LCP in 
gastrointestinal cancer cells both in vitro and in vivo. In 
this study, we used the MTT assay to demonstrate 
that both of LCP and 5-FU elicited decreased cellular 
viability of both AGS and SW-480 cells in vitro 
following treatment with LCP concentration of (0.625 
–10.0) mg/ml and 5-FU concentrations of 25 – 400 µM 

respectively in a dose-dependent manner (Figure 1A, 
B). We observed that the effect of LCP on both 
cell-lines was similar, and both cell-lines were 
relatively more sensitive to 5-FU treatment as 
compared to that treated by LCP (Figure 1A, B). Of 
course, the advantage of LCP was also obvious, in that 
it displayed few side effects. However, the anti-tumor 
activity of 5-FU was found to vary with the type of 
cancer cell. In SW-480 cells, there was a 38% reduction 
in cell viability with 5-FU at a concentration of 25 µM. 
However, in AGS cells, we found that 5-FU, at a 
concentration of 25 µM, reduced cell viability by 
approximately 45% as compared to the control. 
Compared with the control group (Negative), there 
was significant effects of single treatment by LCP (5.0 
mg/ml) on both AGS and SW-480 cells, an 
observation which was similar to that seen following 
single treatment by 5-FU (200 µM) or when used in 
combination (i.e., 5.0 mg/ml LCP + 200 µM 5-FU), 
respectively (all P<0.05). The inhibitory ability of a 
combination approach (5.0 mg/ml LCP and 200 µM 
5-FU) or single use of 5-FU against both AGS and 
SW480 cells, was significantly increased as compared 
to that mediated by single treatment with LCP alone 
(all P<0.05; Figure 1C). However, there was a 
significant difference seen between the combination 
treatments (i.e., 5.0 mg/ml LCP and 200 µM 5-FU) and 
single 5-FU treatment (P>0.05). However, even under 
these conditions, LCP could be used in combination 
with other therapies. Our data demonstrated that LCP 
had certain anti-tumor activities and was synergistic 
with 5 FU. More importantly, high dose LCP did not 
display any side-effect on body weight. Cell viability 
assays were shown dose-dependent reduction 
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following LCP treatment (i.e., 0.625 –10.0 mg/ml) 
against cancer cells. Therefore, we evaluated LCP 
anti-tumor efficacy by a dose-dependent approach 
that ranged from 0.625 to 10.0 mg/ml against AGS 
and SW-480 cells by colony-forming assays. Cell 
proliferation was obviously inhibited by LCP at a 
dose of 10.0 mg/ml, which reflected the formation of 
cell colonies (Figure 1D). This result was consistent 
with the cell viability assay and all results above 
collectively supported the hypothesis that LCP could 
inhibit gastrointestinal cancer cell growth in vitro. 

Until now, the inhibition of LCP on cell cycle in 
cancer cells has not been reported. In this study, we 
tested the effect of LCP on cell cycle in gastrointestinal 
cancer cells. We found that there was no difference 
between AGS and SW480 cells (Figure 2A1-3 and 
2B1-2), and there was no significant change in cell 
cycle dynamics after treatment with 0.625 –2.5 mg/ml 
LCP for 24 hrs, which was similar to the control 
group. LCP treatment resulted in increased cell 
populations in the G2/M phase of the cell cycle and 
decreased populations in the S phase of the cell cycle 
in a dose-dependent manner in both AGS and SW-480 
cells (Figure 2B1-2). The remarkable cell cycle 
specificity was found in both AGS and SW-480 cells 
after 5-FU (i.e., at doses of 200, and 400 μM) treatment, 
and even following treatment by 25 μM of 5-FU. The 
effect of the combination of 5.0 mg/ml LCP and 200 
μM 5-FU on the cell cycle in AGS cells showed greater 
changes than those found by LCP or 5-FU treatment 
alone; however, there was no significant difference 
between their combination as compared the single 
treatment group (P>0.05; Figure 2B-3). We also 
observed that the combination of 5.0 mg/ml LCP and 
200 μM 5-FU or 200 μM 5-FU alone was more effective 
at down-regulating Cyclin A and Cyclin B1 
expression in both cell-lines cells than that mediated 
by treatment with LCP alone at 0.625 – 10.0 mg/ml 
(Figure 3A, B). However, there was no significant 
evidence of any effects of LCP on Cyclin A in both 
cell-lines when compared with controls. LCP 
treatment at 0.625 – 10.0 mg/ml markedly decreased 
the expression of Cyclin B1 in both cell-lines, but did 
so in an independent manner. Additionally, in vivo 
AGS and SW-480 tumor xenografted mice resulted in 
consistent observations to the in vitro results. We 
observed that both AGS and SW-480 cell-lines 
xenografted mice were more sensitive to the 
combination of 5.0% (wt/vol) LCP and 25 mg/kg 
5-FU than was observed following single treatment 
with LCP or 5-FU. A 25 mg/kg dose of 5-FU that was 
used in this study was given to nude mice every day, 
which was more effective than low dose 5-FU at 
suppressing AGS or SW-480 tumor growth (Figure 
3A, B). The effect of LCP on tumor suppression in 

xenografted mice was dose-dependent, which was 
similar to that shown for 5-FU. There was no 
significant difference in measuring tumor weight (g) 
among any of the three groups including single LCP 
treatment or single 5-FU treatment or when these 
agents were used in combination (Figure 4A). There 
was also no significant difference in measuring mouse 
body weigh among all three groups, which suggested 
that high dose LCP did not display any marked 
side-effect on body weight (Figure 4B). Our work 
provided evidence again for the efficacy of LCP in 
reducing primary tumor burden in the 
gastrointestinal cancer xenograft model. These 
encouraging effects of LCP were supported by 
previously reported animal studies, which 
significantly decreased experimental metastasis and 
showed an impressive ability to form tumour colonies 
[19-29]. 

Although there was evidence from numerous 
studies suggesting that LCP could inhibit various 
steps in the process of tumor metastasis by interacting 
with GAL3, the details of the underlying mechanisms 
are still largely unknown. Our results have 
demonstrated the anti-tumor effect of LCP in 
gastrointestinal cancer cells, along with the potential 
mechanisms of how it may exert its anti-metastatic 
effects, particularly in relation to GAL3. This raises 
the possibility that LCP may be utilized in a 
potentially safe, non-toxic approach for preventing or 
reducing carcinogenesis and metastasis [33,34]. One 
of the important findings in our study was that LCP 
treatment could inhibit tumor metastasis in AGS and 
SW-480 cells through reversion of the EMT. EMT 
features were well correlated with the level of GAL3 
expression, suggesting that the metastatic potential 
was positively regulated by GAL3, and that EMT 
features were inhibited by LCP treatment in 
gastrointestinal cancer cells. Consistent with such 
observations in an in vitro cell model, this hypothesis 
was further supported by our in vivo findings that 
LCP could inhibit the levels of GAL3, increase 
reversion of EMT and suppress tumor metastasis in 
tumor xenografted nude mice. However, the 
mechanism of reversion of EMT that was mediated by 
LCP treatment remains to be further studied. 

Studies have shown that plant-derived 
chemopreventive agents induce multiple 
proapoptotic responses that induce apoptosis against 
a variety of caspase-family members, which is one of 
the critical protease mediators of apoptosis that are 
triggered by different stimuli [35,36]. However, in the 
present study, we found that LCP treatment did not 
noticeably activate initiator caspases, such as 
Caspase-8, followed by activation of effector 
Caspase-3 in AGS and SW-480 cells in vitro while 5-FU 



Int. J. Biol. Sci. 2016, Vol. 12 
 

 
http://www.ijbs.com 

755 

did (Figure 6A, B). It has been previously found that 
ceramide accumulation would induce cellular 
apoptosis by inhibiting the expression of Bcl-2 family 
proteins [37]. Our in vitro and in vivo studies 
demonstrating that LCP treatment inhibited the 
anti-apoptotic protein Bcl-xL similar to that found for 
5-FU, suggest involvement of the mitochondrial 
pathway (Figure 6) [38]. Survivin was strongly 
up-regulated in angiogenically stimulated 
endothelium in vitro and in vivo, which protects 
endothelial cells from apoptosis [39]. The 
down-regulation of Survivin was correlated with 
down-regulation of Bcl-xL by 5-FU treatment in 
SW-480 cells (Figure 6B), while the level of Survivin 
expression was not consistent with the level of Bcl-xL 
expression (Figure 6A). Therefore, some mechanism 
and the relationship between Survivin and Bcl-xL in 
inducing apoptosis in gastrointestinal cancer cells 
should be further researched. The expression of 
anti-apoptotic-related protein Bcl-xL and TUNEL 
assay results confirmed that apoptosis is an important 
pathway that was associated with the anti-tumor 
activity of LCP. Our in vivo results showed increased 
apoptotic activity that was correlated very well with 
our in vitro results. Taken together, these results 
suggested that LCP could be a promising 
chemopreventive agent that displayed anti-tumor 
properties in the gastrointestinal cancer in vitro and in 
vivo, showing in a dose-dependent manner. The 
concentration of 10.0 mg/ml in vitro and 5.0% 
(wt/vol) in vivo we have chosen is the highest 
concentration of LCP that could be dissolved at room 
temperature. To gain additional insights on the 
anti-tumor mechanisms of combination therapy, other 
non-apoptotic signaling pathways should be 
investigated. 
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