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AIM: To examine the effect of Weichang’an (WCA) and
5-fluorouracil (5-FU) on colorectal tumor and hepatic
metastasis in a mouse model.

METHODS: Quantitative determination of hesperidin,
the effective component in WCA decoction, was
performed using HPLC. /7 vitro cytotoxicity of WCA was
determined by treating HCT-116 cells with WCA diluents
or serum extracted from rats that received WCA by
oral gavage for 1 wk and MTT assays. Forty-eight
nude mice received cecum implantation with tumor
blocks subcutaneously amplified from human colon
cancer cell line HCT-116. Mice were randomly divided
into four treatment groups: control (CON), WCA,
5-FU and combination (WCA + 5-FU). Pathological
examination of tumors consisted of tissue sectioning
and hematoxylin and eosin staining. Tumor weight and
size were measured, and the number of metastatic
lesions was counted. Serum carcinoembryonic
antigen (CEA) level was determined by ELISA. The
expression levels of tumor genesis and metastasis-
related proteins B-catenin and matrix metalloproteinase
(MMP)-7 were measured by real-time quantitative
reverse transcriptase polymerase chain reaction (RT-
PCR), immunohistochemistry and immunoblotting.
Cell fractionation was used to investigate intracellular
distribution of -catenin.

RESULTS: Parenchymal tumors were palpable in
the abdomens of nude mice 2 wk post-implantation
and orthotopic tumor formation rate was 100% in all
groups. 5-FU treatment alone significantly decreased
tumor weight compared to the CON group (1.203 +
0.284 g vs 1.804 £ 0.649 g, P < 0.01). WCA treatment
alone reduced the rate of metastasis (50% vs 100%,
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P < 0.05). Combination treatment of WCA + 5-FU
was the most effective, reducing the tumor weight
(1.140 + 0.464 g vs 1.804 + 0.649 g, P < 0.01) and
size (1493.438 + 740.906 mm’ vs 2180.259 + 816.556
mm?, P < 0.05), the rate of metastases (40% vs 100%,
P < 0.01), and serum CEA levels (31.263 £ 7.421 ug/L
vs 43.040 = 11.273 nug/L, P < 0.05). Expression of
B-catenin and MMP-7 was decreased in drug-treated
groups compared to controls, as detected using real-
time quantitative RT-PCR, immunohistochemistry and
immunoblotting, respectively. Cell fractionation assays
revealed that nuclear translocation of B-catenin was
reduced by WCA and/or 5-FU treatments.

CONCLUSION: Combination of WCA with 5-FU sig-
nificantly inhibited colon tumor growth and hepatic
metastases. Decreased expression of B-catenin and
MMP-7 may be important.

Key words: Colorectal cancer; Hepatic metastasis;
Weichang’an formula; Orthotopic transplant nude
mouse model; Chemotherapeutics 5-fluorouracil

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study, the anti-colon cancer activity
of Weichang’an (WCA), a Chinese herbal medicine,
was assessed in an orthotopic transplantation nude
mouse model. Combination of WCA with 5-fluorouracil
inhibited orthotopic tumor growth and hepatic me-
tastases. Decreased expression of B-catenin and me-
talloproteinase-7, which are crucial proteins modulating
tumor aggression, may be important for the anti-tumor
properties of WCA.
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Weichang’an and 5-fluorouracil suppresses colorectal cancer in
a mouse model. World J Gastroenterol 2015; 21(4): 1125-1139
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INTRODUCTION

Colorectal cancer is the third most commonly diag-
nosed cancer and the third most common cause of
cancer-related death worldwide. Approximately one
million new cases of colorectal cancer are diagnosed
in both men and women around the world each
year!!!, It is estimated that 50%-60% of patients
diagnosed with colorectal cancer will develop hepatic
metastases during the course of their disease™*,
and unfortunately, 80%-90% of these metastases
will be unresectable®”!, While metastatic lesions
may be found throughout the body following lo-
coregional treatments, the most frequent site of
colorectal cancer metastasis is the liver®!. The 5-year
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survival rate of patients with hepatic metastases and
not undergoing surgical treatment is low™?!, Patients
with unresectable hepatic metastases require
multidisciplinary treatments, including surgery,
chemotherapy, liver-targeting therapies, and tra-
ditional Chinese medicine (TCM). TCM has been
used extensively in China for treatment of various
diseases, including cancer. TCMs have a number
of benefits, including decreasing the negative
side effects associated with chemotherapy and
radiotherapy, improving patients’ immune function,
and enhancing the effects of conventional cancer
treatments!"?,

Weichang’an (WCA) is a traditional Chinese formula
prescribed by practitioners of TCM, based on clinical
experiences and pharmaceutical screening. The
principal elements comprising WCA are invigorating
spleen herbs, whereas heat-clearing and detoxicating
herbs, hard lump-resolving herbs and blood stasis
removing herbs are adjuvant components. Previous
clinical studies have indicated that patients with
gastric carcinoma benefit from WCA treatment!**'¥, In
addition, WCA has been shown to increase the 5-year
survival rate and reduce the 1- and 2-year metastatic
rates in patients with colorectal cancer™!. However,
whether WCA is effective in colorectal cancer with
hepatic metastasis is still unclear.

Many studies have shown that the Wnt/p-catenin
signaling pathway regulates tumor cell invasion and
metastasis. In oral squamous cell carcinoma cells,
the accumulation of B-catenin in the cytoplasm
induced T-cell factor/lymphoid enhancing factor
transcriptional activity, and increased matrix me-
talloproteinase (MMP)-7 expression, thereby inducing
the conversion of epithelial cells to mesenchymal
cells, as well as enhancing invasion and me-
tastasis!'®. The Wnt/B-catenin pathway also plays a
critical role in colorectal cancer development”. We
hypothesized that WCA may affect the Wnt/B-catenin
pathway.

To elucidate the efficacy of WCA in inhibiting
colorectal cancer cell growth and hepatic metastasis
and underlying mechanisms, we administrated
WCA combined with 5-fluorouracil (5-FU) in an
orthotopic transplant hude mouse model grafted with
HCT-116 human colon cancer cells. The pathological
phenotype, tumor genesis, metastatic lesions,
carcinoembryonic antigen (CEA) levels and B-catenin/
MMP-7 expression were detected.

MATERIALS AND METHODS

Drugs

WCA was provided by the Dispensary of TCM, Long-
hua Hospital, Shanghai University of Traditional
Chinese Medicine, Shanghai, China. The composition
of WCA includes Pseudostellaria heterophylla (Miq.)
Pax, Atractylodes macrocephala koidz., Poria cocos
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(Schw.) Wolf, Glycyrrhiza uralensis Fisch., Sar-
gentodoxa cuneata, and Prunella vulgaris L. The
preparation of the WCA decoction has been described
previously*'. The concentration of hesperidin
(National Institutes for Food and Drug Control,
Beijing, China) in the WCA formula was determined
by HPLC (Agilent 1100; Palo Alto, CA, United States)
using the following conditions: Agilent 1100 Cis
column (250 mm x 4.6 mm, 5 um); mobile phase,
acetonitrile:water 8% HAC (18:82); wavelength, 284
nm; flow rate, 1 mL/min; and column temperature,
15 C. 5-FU was purchased from Shanghai Xudong
Haipu Pharmaceutical Co. Ltd. (Shanghai, China). In
the present study, 5-FU was used at a concentration
of 2.5 mg/mL.

Animals

Male BALB/C™™ mice, aged 4-6 wk and weighing
18-20 g, were purchased from the Shanghai SLAC
Laboratory Animal Co. Ltd. [Shanghai, China;
certification NO. SCXK (Shanghai) 2012-0002].
Mice were housed under specific pathogen-free
conditions and were given free access to food and
water. All animal experiments were performed in
accordance with the Guidelines for the Care and
Use of Laboratory Animals, Ministry of Science and
Technology, China. This study was approved by
the Animal Care and Scientific Committee of the
Shanghai University of traditional Chinese medicine.

Cell culture

The human colon cancer cell line HCT-116 was pur-
chased from the Cell Bank of the Chinese Academy
of Sciences (Shanghai, China). Cells were cultured
in McCoy’s 5A modified medium (Gibco, Carlsbad,
CA, United States) containing 10% heat-inactivated
fetal bovine serum and supplemented with penicillin
(100 U/mL) and streptomycin (100 g/mL). Cells were
maintained at 37 ‘C and 5% CO:.

MTT assay

During the logarithmic growth phase, HCT-116 cells
were conventionally digested, after which the cells
were seeded into a 96-well plate at a density of 2 X
10* cells/mL. The control group was set, and the cells
were cultured at 37 C in a humidified atmosphere
of 5% CO:2 in air. The medium was discarded when
cells had reached 70%-80% confluence. Medium
containing 0, 3%, 6% and 9% WCA decoction or
5%, 10% and 20% of serum extracted from rats
that received WCA by oral gavage (OG) (2 mL/d
for 1 wk) was added to each well (100 pL/well).
Each condition was tested in quadruplicate, and
the cells were treated for 0, 24, 48 and 72 h. After
treatment, 20 uL MTT reagent (Sigma, St Louis,
MO, United States) was added to each well for 4
h. The culture medium was discarded, and 150 uL
dimethyl sulfoxide (Sigma) was added. Formazan
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was dissolved by gentle agitation for 10 min. Optical
density (OD) for each well was determined using a
plate reader (Synergy2; Bio-tek, Winooski, VT, United
States) at a wavelength of 490 nm. All experiments
were performed three times.

Establishment of the colon cancer transplant nude
mouse model and drug administration

HCT-116 cells (2 x 107) were subcutaneously injected
into the right axilla of nude mice. After 3 wk, tumors
were excised and cut into 1-2 mm? pieces using
sterile techniques. Tumor blocks were transplanted
into the cecum of 48 nude mice by a purse-string
suture (Figure 1A and 1B). Drug administration
started 7 d after tumor implantation. The 48 nude
mice were randomly divided into four treatment
groups (12 mice/group). Mice in the control (CON)
group received saline by OG (0.5 mL/d) and by
intraperitoneal (IP) injection (0.4 mL/time, once/
week). Mice in the WCA group received WCA by OG
(0.5 mL/d) and saline by IP injection (0.4 mL/time,
once/week). Mice in the 5-FU group were given
saline by OG (0.5 mL/d) and 5-FU by IP injection
(50 mg/kg per time, once/week). Mice in the WCA
+ 5-FU group received WCA by OG (0.5 mL/d) and
5-FU by IP injection (50 mg/kg per time, once/
week). All treatments lasted for 7 wk. Twenty-
four hours after the final drug administration,
laparotomy was performed and blood samples were
collected from each animal. Tumors (both orthotopic
and metastatic) and tumor-adjacent tissues were
collected, and conventional pathological examination,
immunohistochemistry (IHC), real-time polymerase
chain reaction (PCR), and immunoblotting assays
were performed.

Tumor measurement and observation

Weights of the orthotopic tumors were measured
using an electronic platform balance. The width
(a) and length (b) of each orthotopic tumor were
measured with a caliper, and tumor size was
calculated according to the following formula: tumor
size (mm?®) = n x a®> x b/6. Inhibition of tumor
growth caused by drug treatment was estimated
based on the following formula: inhibition rate of
tumor (%) = (1 - mean tumor weight in treatment
group/mean tumor weight in CON group) x 100%.

Pathological examination

Orthotopic tumors, tumor-adjacent tissues, and me-
tastatic tumors were embedded in paraffin and cut
into sections. These sections were then stained with
hematoxylin and eosin (HE; Sigma) and visualized
under a BH2 optical microscope (Olympus, Tokyo,
Japan).

Determination of serum CEA level
Blood samples obtained from mice and were naturally
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Figure 1 Pathology of primary colon cancer tissues (HE staining) and gross anatomy of nude mice implanted with human colon cancer HCT-116 cells. A, B:
Tumor pieces were transplanted into the cecum of nude mice by purse-string suture; C, E, G and I: HE staining of colon cancer tissues from mice in the CON, WCA,
5-FU and WCA + 5-FU groups (magnification x 100); D, F, H and J: Gross anatomy of mice in the CON, WCA, 5-FU and WCA + 5-FU groups. Black arrows indicate
orthotopic tumors, and white arrows indicate the abdominal wall tumor. WCA: Weichang’an; 5-FU: 5-fluorouracil; CON: Control.
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coagulated for 20 min after collection. Samples
were centrifuged at 1000 g for 10 min, and the
supernatant was collected and stored at -20 C.
Serum CEA levels were determined using a CEA
ELISA kit (Bio-Swamp, Wuhan, China) according to
the manufacturer’s instructions. Absorbance was
measured at 450 nm on an MK3 microplate reader
(Thermo Fisher Scientific, Waltham, MA, United
States).

Real-time PCR

Total RNA was extracted with Trizol (Invitrogen, Car-
Isbad, CA, United States), and the concentration
and purity of RNA were determined using a UV
spectrophotometer. Total RNA was reverse-transcribed
into cDNA with reverse transcriptase reagents
(Shanghai Jierdun Biotech Co. Ltd., Shanghai, China)
according to the manufacturer’s protocol. An ABI Step
One Plus Real-Time-PCR System (Applied Biosystems,
Foster City, CA, United States) was used with SYBR
Green Master Mix (ABI) and primers (Invitrogen,
Shanghai, China) for measurement of p-catenin and
MMP-7. Primers were: B-catenin sense (5'-GGT TTC
CCA TTG GTT CAC-3’) and antisense (5'-CAT AAA
TCC CGC CTA ACG-3'); and MMP-7 sense (5-GAA
CAG GCT CAG GAC TAT CTC-3') and antisense (5'-ACA
TCT GGC ACT CCA CAT C-3"). GAPDH was used as a
reference to obtain the relative fold change for target
genes using the comparative Ct method. Primer
sequences for GAPDH were: sense (5'-CGG AGT CAA
CGG ATT TGG TCG TAT-3’) and antisense (5'-AGC
CTT CTC CAT GGT GGT GAA GAC-3’). Relative
B-catenin and MMP-7 expression were estimated
using the 2*" method.

IHC

We performed IHC on orthotopic and metastatic
tumors to determine protein expression levels of
both B-catenin and MMP-7. The following primary
antibodies were used: rabbit monoclonal anti-
B-catenin antibody (diluted 1:200, rabbit IgG1;
ab79089, Abcam, Cambridge, United Kingdom) and
anti-MMP-7 antibody (diluted 1:200, rabbit IgG1;
ab4044, Abcam, Cambridge, United Kingdom). The
secondary antibody used was a biotinylated goat
anti-rabbit IgG (Beyotime Institute of Biotechnology,
Shanghai, China). Sections were visualized with
diaminobenzidine (DAB; Shanghai Jierdun Biotech
Co. Ltd., Shanghai, China) and counterstained with
HE. IHC images were captured with a digital camera
(Nikon, Tokyo, Japan) and analyzed using the IMS
imaging processing system (Shanghai Jierdun
Biotech). Positively stained regions were counted
and analyzed.

Cell fractionation
Cells were fractionated into cytosolic and nuclear
fractions, with little modification™®. Cells from both
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orthotopic tumor tissues and hepatic metastatic
cancer tissues were collected, washed with PBS
and centrifuged at 500 x g. Pelleted cells were
resuspended in ice-cold 0.1% NP40-PBS and lysed
by pipetting up and down several times. A portion
of the cell suspension was kept as a whole cell
lysate. The cell lysates were centrifuged at 14000
x g for 1 min and the supernatants were collected
as a cytosolic fraction, while the pellets (nuclei)
were washed twice with ice-cold 0.1% NP40-PBS.
The harvested pellets were resuspended in Laemmli
sample buffer (Bio-Rad), sonicated for 30 s, and
collected as nuclear fractions. Equivalent proportions
of two fractions were analyzed by SDS-PAGE and
immunoblotting. The purity of the fractions was
assessed by detecting specific subcellular marker
proteins such as GAPDH as cytosolic protein and H3
as nuclear protein.

Immunoblotting

Total protein was extracted from both orthotopic
tumor tissues and hepatic metastatic cancer tissues,
and protein concentration was determined using the
BCA protein assay kit (Thermo Fisher Scientific).
Immunoblotting was performed with the following
primary antibodies: rabbit monoclonal anti-pg-catenin
antibody (diluted 1:1000, rabbit IgG1; ab79089,
Abcam, Cambridge, MA, United States) and anti-
MMP-7 antibody (diluted 1:300, rabbit IgG1;
ab4044, Abcam, Cambridge, MA, United States).
Anti-rabbit horseradish-peroxidase-conjugated
secondary antibody was used at a dilution of 1:2000.
Detection of GAPDH [diluted 1:1500; Cell Signaling
Technology (CST), Beverly, MA, United States] and
H3 (diluted 1:1000, #4499S, CST) served as internal
loading controls. All blots were scanned with the
Labwork imaging processing system. Protein band
pixels were calculated using Gel-pro Analyzer 4.0
(Media Cybernetics, Rockville, MD, United States).

Statistical analysis

Continuous data are expressed as mean £ standard
deviation (SD) and comparison of the means among
four groups was performed using one-way analysis
of variance (ANOVA). If Levene’s test revealed
homogeneity of variance, multiple comparisons were
performed using Fisher’s least significant difference
test. If the Levene’s test revealed heterogeneity
of variance, the Welch and Brown-Forsythe tests
were used. In this case, multiple comparisons were
performed using Dunnett’s T3 and Dunnett’s C tests.
Data with small sample size are expressed as mean
+ SD and comparisons among four groups were
performed using Kruskal-Wallis tests. Nemenyi tests
were further used to perform multiple comparisons.
Categorical data were analyzed using »° tests. R
3.1 software was used to perform Nemenyi tests
and other statistical analyses were performed using
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Figure 2 HPLC fingerprinting of hesperidin (A) and Weichang’an (B); HCT-116 cells were treated with different concentrations of Weichang’an (C) and
different concentrations of Weichang’an-containing serum (D) in vitro. Proliferation of cells was detected using the MTT assay. Cell viability was expressed as
optical density (OD) value (mean + SD). °P < 0.05 vs cell viability of the control group at the same time point. WCA: Weichang'an.

SPSS version 18.0 (SPSS Inc., Chicago, IL, United
States). P < 0.05 were considered significant.

RESULTS

Determination of WCA concentration and ex vivo effects
on HCT-116 cells

To normalize the concentration of WCA, the con-
centration of hesperidin in WCA was determined by
HPLC and a standard curve (y = 1639.7x + 9.1343;
correlation coefficient r = 0.9990) was obtained with
the peak area as the Y axis and concentration of

JBaishideng® W]G I WWW.ngnet.COm

control hesperidin as the X axis. HPLC fingerprinting
of control hesperidin was performed at 8.832 min
(Figure 2A), and HPLC fingerprinting of WCA was
done at 8.839 min (Figure 2B). Three batches of WCA
had similar concentrations of hesperidin.

The human colon cancer cell line HCT-116 was
treated with 0, 3%, 6% and 9% WCA decoction
filtrate or with 5%, 10% and 20% of serum extracted
from rats that received WCA by OG (2 mL/d for
1 wk). As shown in Figure 2C and 2D, 72 h after
treatment, WCA exerted significant inhibition on
HCT-116 cell proliferation (P < 0.05).
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Table 1 Weight and size of orthotopic tumors in nude mice

and tumor inhibition rates resulting from drug treatments

Group n  Weight (g) Size (mm®) Tumor inhibition
CON 11 1.804 +£0.649 2180.259 £ 816.556 -

WCA 10 1.459 +£0.431 1616.795 £ 566.260 19.087%
5-FU 11 1.203 +0.284° 1695.657 + 656.594 33.298%

WCA +5-FU 10 1.140 + 0.464° 1493.438 + 740.906" 36.802%

*P <0.05 vs CON; °P < 0.01 vs CON. WCA: Weichangan; 5-FU: 5-fluorouracil;
CON: Control.

Mouse survival and pathogenic manifestations after
tumor implantation

One mouse in each group died within 1 wk of or-
thotopic transplant surgery; in each instance, death
may have been caused by the surgical procedure itself.
Additionally, one mouse died 12 d after surgery in the
WCA group, and one 10 d after surgery in the WCA
+ 5-FU group. Therefore, 42 mice survived the entire
length of the procedure and drug administration.
Parenchymal tumors were palpable in the abdomens
of mice 2 wk post-surgery. Furthermore, the body
weights of mice were reduced by 5 wk after surgery.
At 7 wk post-surgery, marasmus and loss of appetite
occurred. Additionally, feces appeared soft and red
in color; mice also displayed skin casting and slow
movement and activity.

Effect of WCA on orthotopic tumor growth and hepatic
metastasis

All mice that underwent orthotopic transplantation
surgery developed tumors. HE staining and gross
anatomy of tumors are shown in Figure 1. The CON
group showed obvious atypia of orthotopic cancer
cells; large cancerous cells displaying karyokinesis
could also be seen. Irregularly arranged tumor-
giant cells were also present. Blood vessels were
abundant, and there was little connective tissue
found in the interstitium. Monocyte infiltration and
necrosis were apparent in the tumor interstitium
(Figure 1A). The WCA, 5-FU and WCA + 5FU groups
showed reduced atypia of orthotopic cancer cells and
the presence of large cancerous cells. Irregularly
arranged tumor-giant cells were also seen. Blood
vessels were abundant in the interstitium. Increased
monocyte infiltration was observed in the tumor
interstitium, and enlarged necrotic areas were apparent.
A significant increase in the cavity-like structure
could also be observed (Figure 1B, 1C and 1E).
One-way ANOVA showed significant differences in
the mean tumor weight among the four groups (P
= 0.010). Moreover, the mean tumor weight in the
CON group was significantly different from the mean
tumor weight in both the 5-FU (P = 0.005) and WCA
+ 5-FU groups (P = 0.003). Treatment of mice with
WCA, 5-FU and WCA + 5-FU inhibited tumor growth
by 19.087%, 33.298% and 36.802%, respectively
(Table 1). The average size of orthotopic tumors
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between the CON and the WCA + 5-FU groups was
significantly different (P = 0.031); however, no other
significant differences were identified (Table 1).

Compared with the CON group, mice in the
WCA and the WCA + 5-FU groups had fewer liver,
abdominal and intestinal metastases (Figure 3).
Hepatic metastatic tumors appeared as nodules
with massive atypia in mice belonging to the CON
group. Cancer cells were large, and little connective
tissue was observed in the interstitium. Infiltration
and necrotic alteration of monocytes were found in
the tumor interstitium. There were hepatic tissue
necrosis and lymphocyte infiltration at the boundary
of the tumor interstitium (Figure 3A). As for hepatic
metastatic tumors in mice in the WCA group, no
apparent boundary between the metastases was
evident. There were obvious hepatic tissue necrosis
and infiltration of both lymphocytes and monocytes
(Figure 3B). In hepatic metastatic tumors in mice
from the 5-FU and WCA + 5FU groups, cancer cells
were irregularly arranged and an increase in the
interstitium was observed. Massive bleeding has also
occurred (Figure 3C and 3D). The gross metastatic
rates in the WCA and the WCA + 5-FU groups were
significantly lower than in the CON group (P = 0.012
and 0.004, respectively). However, there was no
significant difference in hepatic metastases among
any of the drug-treated groups (Table 2).

Effect of WCA on serum CEA level

There was no significant difference in serum CEA
levels among the CON (43.040 + 11.273 ng/L),
WCA (34.282 + 14.731 ug/L), and 5-FU (35.462 *
11.022 ug/L) groups (P = 0.122). However, serum
CEA levels in the WCA + 5-FU group (31.263 + 7.421
ug/L) were significantly lower than that in the CON
group (P = 0.023).

Effect of WCA on 3-catenin and MMP-7 mRNA
expression in orthotopic tumors and liver metastases
To begin to investigate the molecular mechanisms
underlying metastasis in our model, we measured
mRNA expression of B-catenin, a Wnt pathway
regulator of cell-cell adhesion, by real-time RT-PCR.
One-way ANOVA revealed significant differences in
B-catenin expression in orthotopic tumors among the
four groups (P = 0.001). Specifically, mice treated
with WCA, 5-FU and WCA + 5-FU showed decreased
p-catenin mMRNA expression in orthotopic tumors
compared to control treated mice (P = 0, 0.021 and
0.006, respectively; Table 3).

In liver metastases, as sample size was small (3-5
per group), Kruskal-Wallis nonparametric tests were
performed. The results showed that there was no
significant difference in B-catenin mRNA expression
levels in the CON, WCA, 5-FU and WCA + 5-FU
treatment groups (P = 0.155; Table 3).
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Figure 3 Hepatic metastases of colon cancer in the orthotopic transplant nude mouse model. A-D: HE staining of hepatic metastases tissues from mice in the
CON, WCA, 5-FU and WCA + 5-FU groups (magnification x 200); E-H: Gross anatomy of mice in the CON, WCA, 5-FU and WCA + 5-FU groups. The black arrow
indicates orthotopic tumor, the long white arrow indicates the hepatic metastatic tumor, and the short white arrow indicates the metastasis of colon cancer to the
intestinal wall. WCA: Weichang’an; 5-FU: 5-fluorouracil; CON: Control.
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Table 2 Cancer metastases in nude mice implanted with tumors formed from HCT-116 cell injection

Group Mice survived, Hepatic Abdominal wall Maesenteric Splenic Renal Gross metastatic  Hepatic metastasis
n metastases metastases metastases metastasis metastasis rate rate

CON 11 5 4 2 0 0 100% 45.45%

WCA 10 3 2 0 0 0 50%" 30%

5-FU 11 4 2 1 1 0 72.72% 36.36%

WCA + 5-FU 10 3 0 0 0 1 40%"° 30%

*P < 0.05 vs CON; °P < 0.01 vs CON. WCA: Weichang’an; 5-FU: 5-fluorouracil; CON: Control.

Table 3 B-catenin and matrix metalloproteinase-7 mRNA levels in orthotopic and hepatic metastatic tumors in the transplant model

Group B-catenin MMP-7
Orthotopic tumors Hepatic metastatic tumors Orthotopic tumors Hepatic metastatic tumors
n Relative expression n Relative expression' n Relative expression n Relative expression’
CON 11 0.809 £ 0.354 ) 20.588 + 13.595 11 5.688 + 3.255 5) 1.211 £ 0.593
WCA 10 0.271 +0.173" 3 3.679 +3.271 10 2.236 +1.528° 3 0.030 + 0.025"
5-FU 11 0.513 + 0.261% 4 4.559 + 5.491 11 2427 £2.111 4 0.061 + 0.021
WCA +5-FU 10 0.445 + 0.325" 3 5.788 +2.029 10 0.918 +1.011° 3 0.044 + 0.019*

!B-catenin mRNA expression levels in hepatic metastatic tumors were presented as mean + SD and nonparametric tests (Kruskal-Wallis tests) were

performed, P = 0.155; *Matrix metalloproteinase-7 (MMP-7) mRNA expression levels in hepatic metastatic tumors were presented as mean + SD and
nonparametric tests (Kruskal-Wallis tests) were performed, P = 0.012. °P < 0.05 vs CON; *P < 0.01 vs CON. WCA: Weichang'an; 5-FU: 5-fluorouracil; CON:

Control.

MMP-7 is an important target gene in the Wnt/
B-catenin signaling pathway and the main member
of the MMP family, and it was also examined in our
model. The Welch and Brown-Forsythe tests showed
significant differences in MMP-7 mRNA expression
in orthotopic tumors among the four groups (P =
0.001). Moreover, MMP-7 transcript levels were
significantly decreased in both the WCA and WCA
+ 5-FU treatment groups (P = 0.038 and 0.003,
respectively; Table 3).

In liver metastases, MMP-7 mRNA was significantly
decreased (P = 0.012, Kruskal-Wallis tests; Table
3) and Nemenyi tests revealed that both WCA and
WCA + 5-FU treatments decreased MMP-7 mRNA
expression compared to the CON group (P = 0.001
and 0.013, respectively; Table 3).

Effect of WCA on B-catenin and MMP-7 protein
expression in orthotopic tumors and liver metastases
We measured protein expression of p-catenin and
MMP-7 in both orthotopic tumors and liver me-
tastases by IHC and immunoblotting. Figure 4A and
4B show integrated OD of B-catenin and MMP-7
protein detected by IHC in orthotopic tumors and
liver metastases, respectively. As shown in Figure
4C and 4E, in both orthotopic tumors and liver
metastases, B-catenin was expressed at high levels
and was located in both the nucleus and cytoplasm
in the CON group, and total expression of p-catenin
was reduced in the WCA/5-FU/WCA + 5-FU groups
compared with the CON group. As shown in Figure 4D
and 4F, MMP-7 was highly expressed (brown staining)
in the cytoplasm of orthotopic and liver metastatic
tumors from the CON group. We also observed some
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membrane staining and some staining of the tumor
interstitium. Expression of MMP-7 was reduced in the
WCA, 5-FU and WCA + 5-FU groups compared with
the CON group. The structure of the tumor tissue was
also destroyed by massive necrotic areas.

One-way ANOVA analysis of IHC staining showed
a significant difference in B-catenin protein expression
in orthotopic tumors among the four groups (P =
0.012, 10 or 11 per group). Furthermore, p-catenin
protein was decreased in all treatment groups
compared with CON (WCA, P = 0.003; 5-FU, P =
0.033; WCA + 5-FU, P = 0.008; Figure 4A).

Levene’s test revealed heterogeneity of variance
in MMP-7 protein levels in the orthotopic tumors,
and the Brown-Forsythe test showed significant
differences in MMP-7 protein expression in the
orthotopic tumors among the four groups (P = 0.020,
10 or 11 per group). Pairwise comparisons showed
no significant difference between groups (all P >
0.05). However, a decreasing trend was observed
in both the WCA group (776.30 £ 124.030) and the
WCA + 5-FU group (907.30 £ 359.492) compared
with the CON group (1663.73 £ 975.557; Figure
4A).

B-catenin protein expression in hepatic metastases
detected using IHC was significantly different among
the four groups [CON group (1272.40 £ 234.658);
WCA group (982.67 £ 17.039); 5-FU group (949.75
+ 86.083); and WCA + 5-FU group (838.00 +
46.936); P = 0.025 using the Kruskal-Wallis test,
Figure 4B, 3-5 per group]. Pairwise comparisons
using Nemenyi tests revealed that the WCA + 5-FU
treatment decreased B-catenin expression compared
to the CON group (P = 0.002).
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Figure 4 Immunohistochemistry detection of B-catenin and matrix metalloproteinase-7 in orthotopic tumors and hepatic metastatic tumors. A, B: Integrated
optical density (OD) of B-catenin and matrix metalloproteinase (MMP)-7 protein expressed in orthotopic tumors (A) or hepatic metastatic tumors (B) from mice in the
CON, WCA, 5-FU and WCA + 5-FU groups. Data are presented as mean + SD and °P < 0.05 vs corresponding CON group; C: IHC staining for B-catenin in orthotopic
tumors (magnification x 200); D: IHC staining for MMP-7 in orthotopic tumors (magnification x 200); E: IHC staining for 3-catenin in hepatic metastatic tumors
(magnification x 200); F: IHC staining for MMP-7 in hepatic metastatic tumors (magnification x 200). WCA: Weichang'an; 5-FU: 5-fluorouracil; CON: Control.

MMP-7 expression in hepatic metastases was
not significantly different among the groups (P =
0.113 using Kruskal-Wallis test, 3-5 per group),
while a trend toward drug-mediated decrease in
MMP-7 protein expression was observed in hepatic
metastases by IHC (1709.00 = 371.485, 1026.67
+ 245.194, 1026.00 + 546.233 and 1353.00+
421.138 in the CON, WCA, 5-FU and WCA + 5-FU
groups and mean rank 11.40, 5.67, 4.75 and 9.0,
respectively).

Figure 5A and B show gray scale scanning of
B-catenin and MMP-7 protein detected by western

Baishidenge ~ WJG | www.wjgnet.com

blot in orthotopic tumors and liver metastases (3
per group), respectively. B-catenin expression was
significantly different among the four groups in both
orthotopic and hepatic metastatic tumors (P = 0.043
and P = 0.041 by Kruskal-Wallis test, respectively).
Pairwise comparisons using Nemenyi tests showed
decreased expression of pB-catenin in the 5-FU and
WCA + 5-FU groups compared with the CON group (P
= 0.023 and P = 0.043, respectively) in orthotopic
tumors, while in hepatic metastatic tumors, p-catenin
expression in the WCA + 5-FU group was decreased
compared with the CON group (P =0.012).
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Figure 5 Western blot analysis of 3-catenin and matrix metalloproteinase-7 protein expression in orthotopic and hepatic metastatic tumors. A, B:
Quantification of B-catenin and matrix metalloproteinase (MMP)-7 expression in orthotopic tumors (A) and hepatic metastatic tumors (B). Data were presented as
mean + SD and °P < 0.05 vs corresponding CON group; C: B-catenin expression in orthotopic tumors; D: MMP-7 expression in orthotopic tumors; E: B-catenin
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WCA + 5-FU group. WCA: Weichang'an; 5-FU: 5-fluorouracil; CON: Control.

Using Kruskal-Wallis tests, MMP-7 showed a di-
fference in orthotopic tumors among the four groups
(P = 0.033) but not in hepatic metastatic tumors (P
= 0.069). Pairwise comparisons using Nemenyi tests
showed decreased expression of MMP-7 in the WCA +
5-FU group compared with the CON group (P = 0.001)
in orthotopic tumors.

Effect of WCA on intracellular distribution of 3-catenin
protein

To clarify whether the intracellular distribution of
B-catenin was affected by WCA, we performed
cell fractionation and detected B-catenin in the
cytosolic and nuclear fractions in orthotopic tumors
and hepatic metastatic tumors, respectively. The
immunoblotting images and quantitative diagrams
are shown in Figure 6.

In orthotopic tumors (Figure 6A), Kruskal-Wallis
tests showed significant cytosolic and nuclear
B-catenin expression (P = 0.019 and P = 0.033,
respectively). Pairwise comparisons using Nemenyi
tests revealed that WCA + 5-FU treatment decreased
cytosolic B-catenin expression compared to the CON
group (P < 0.001), while WCA and WCA + 5-FU
decreased nuclear p-catenin expression compared
to the CON group (P = 0.043 and P = 0.012,
respectively).

In hepatic metastatic tumors (Figure 6B), Kruskal-
Wallis tests revealed that there was a significant
difference in cytosolic (P = 0.016) or nuclear (P =
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0.031) B-catenin expression among groups, and
Nemenyi tests showed that WCA + 5-FU treatment
significantly decreased cytosolic (P < 0.001) and
nuclear (P = 0.001) B-catenin.

These data showed that WCA/5-FU treatments
not only depressed B-catenin expression but also
inhibited nuclear translocation both in orthotopic
tumors and hepatic metastatic tumors.

DISCUSSION

Colorectal cancer most frequently metastasizes
to the liver; an event that is the primary cause of
death in patients with this disease®*, Those with
unresectable colorectal hepatic metastases have
a median survival of 6.9 mo and a 5-year survival
rate close to zero®®?Y. Therefore, it is critical to
understand better the mechanisms underlying the
process of metastasis development from colorectal
cancer to the liver, in order to prolong patient
survival and improve quality of life.

Quantitative determination of WCA was con-
ducted using HPLC detection of hesperidin, which is
a citrus flavonoid known to be active against some
oxidative-stress-mediated diseases. Hesperidin found
in orange peel is a flavanone glycoside consisting
of the flavone hesperidin bound to the disaccharide
rutinose. The sugar group makes hesperidin more
water-soluble than hesperitin; another compound
in orange peel®, Hesperidin may moderately
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Figure 6 Cell fractionation and western blot analysis of 3-catenin protein expression in both orthotopic tumors and hepatic metastatic tumors. A, B:
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stimulate the gastrointestinal tract, promote the
secretion of digestive enzymes, remove intestinal
pneumatosis, and invigorate the stomach to relieve
phlegm. Exogenous hesperidin has been shown to
influence a wide variety of biological functions, such
as inducing apoptosis and suppressing proliferation
of human cancer cells®®®, as well as inhibiting tumor
development in various tissues, including colon
cancer !, In WCA, hesperidin cooperates with
other components to exert spleen invigorating,
heat clearing, detoxicating and hard lump resolving
effects. Hesperidin is a stable and controllable
component, and HPLC detection of hesperidin
facilitates the monitoring of WCA concentration.

In our current study, orthotopic colon tumors
grown in 100% of the mice. Importantly, tumors
displayed pathogenic characteristics similar to those
observed in clinical cases of advanced colorectal
cancer®, The mean weights of the orthotopic
tumors in the 5-FU and WCA + 5-FU groups were
significantly lower than in the CON group (both P
< 0.01). Additionally, the mean size of orthotopic
tumors in the WCA + 5-FU group was significantly
smaller than in the CON group (P < 0.05). Treatment
with WCA, 5-FU, or their combination resulted in
orthotopic tumor inhibition of 19.09%, 33.30%
and 36.80%, respectively, compared with controls.
We detected hepatic metastases in a third of the
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mice used in the study. Overall, the occurrence of
hepatic metastasis in the CON group was 45.45%
and 36.36% in the 5-FU group, 30% in the WCA
group, and 30% in the WCA + 5-FU group. Although
the percentage of hepatic metastasis was lower
in the three treatment groups compared with the
CON group, statistical significance was not reached.
This should be followed up by additional studies
with larger sample sizes to determine if the drug-
mediated decrease in metastatic rate is significant.
We also found a significantly lower gross metastatic
rate in the WCA group (50%) and in the WCA +
5-FU group (40%) compared with the CON group
(100%). Upon treatment by OG, WCA is primarily
absorbed by the intestine, resulting in a high
concentration of WCA in the liver. This likely reduces
hepatic metastasis of colon cancer. Furthermore,
administration of WCA combined with abdominal
5-FU chemotherapy reduces peritoneal metastasis of
the tumor cells.

Previous research has established that deregulated
Wnt signaling is involved in the development of
tumors and closely correlates with the invasiveness
and metastatic potential of colorectal cancer®.
B-catenin is a key downstream mediator of the
Wnt signaling pathway'*?°!, Nuclear accumulation
of B-catenin at the invasive front of tumors and
within blood vessels is strongly associated with
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hepatic metastasis and may be a useful predictor of
hepatic metastasis in colorectal cancer®*>*, MMP-7
is transcribed in response to active Wnt-p-catenin
signaling. Once translated into a functional protein,
MMP-7 assists in the degradation of extracellular
matrix, which is a critical event in tumor invasion
and metastasis. IHC expression of MMP-7 has
been shown to correlate with Dukes’ classification
in colorectal cancer specimens, and introduction
of MMP-7 into colorectal cancer cells markedly
upregulates their in vivo invasive and metastatic
potential®®!. Furthermore, MMP-7 promotes hepatic
metastasis in colorectal cancer’®. Research has also
shown that elevated MMP-7 expression is related to
decreased survival, and it is considered as a predictor
of disease recurrence and hepatic metastasis®*.

The present study showed that administration
of WCA significantly reduced the expression of
p-catenin and MMP-7 mRNA in orthotopic tumors
and in hepatic metastatic tumors in mice. Similarly,
WCA, alone and in combination with 5-FU, reduced
B-catenin and MMP-7 protein expression in orthotopic
and metastatic tumors. Some results detected using
immunoblotting, IHC and real-time PCR did not show
significant differences. The orthotopic transplant
model used in this study is a relatively natural
nude mouse model of hepatic metastases, and the
metastasis rate is not very high. Only 3-5 animals
in each group developed liver metastases, which is
not statistically powerful. In a future study, we will
increase the sample size and this problem may be
resolved.

CEA is often expressed in colorectal cancer and
mediates the metastasis of these cancerous cells from
the colon to the liver®. CEA binds to receptors on
the surface of Kupffer cells and promotes the release
of interleukin (IL)-1, IL-6, and tumor necrosis
factor-o*”1. In turn, these molecules increase the
expression of intercellular adhesion molecule-1 and
vascular cell adhesion molecule-1 by endothelial
cells, thereby reinforcing the adhesion between the
tumor cells and endothelial cells. Recent reports
have shown that measurement of serum CEA levels,
in combination with CA199 and CA125, can serve
as an important predictor of hepatic metastasis of
colorectal cancer®®. Moreover, serum CEA levels in
combination with imaging techniques may accurately
predict tumor recurrence following radical surgery
of colorectal hepatic metastases”. Importantly,
our data showed that administration of WCA and
5-FU effectively reduced serum CEA levels in the
orthotopic transplant nude mouse model, which may
be associated with the decreased rate of hepatic
metastasis that we observed.

Pathological analysis revealed that the degree
of atypia in both orthotopic tumors and hepatic
metastases was significantly lower in the WCA
group compared with the CON group. The difference
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between the CON group and the WCA + 5-FU group
was even more striking. Considering the relatively
low rate of adverse effects of TCM, the combination
of WCA with 5-FU may present a good strategy in
colon cancer treatment.

Limitations of this study included the relatively
small number of animals in each group, unclear
exact components in WCA, and inadequate as-
sessment of the immunological effects of WCA.
In addition, different treatment strategies need
to be investigated to optimize the effect of WCA.
Furthermore, how WCA affects the angiogenesis
of metastatic tumor, tumor microenvironment and
immunological response requires further research.

In summary, combination of the TCM WCA with
5-FU inhibited colon tumor growth and hepatic
metastasis in an orthotopic transplant nude mouse
model. Decreased expression of B-catenin and MMP-7
may be important for the anti-tumor properties of
WCA and 5-FU.

COMMENTS

Background

It is estimated that 50%-60% of patients diagnosed with colorectal cancer will
develop hepatic metastases and the most frequent site of metastasis is the liver.
Eighty to ninety percent of these metastases will be unresectable and require
multidisciplinary treatments, including chemotherapy, liver-targeting therapies
and traditional Chinese medicine (TCM). TCM has a number of benefits,
including decreasing the negative side effects associated with chemotherapy
and radiotherapy, improving patients’ immune function, and enhancing the
effects of conventional cancer treatments.

Research frontiers

A previous clinical study has indicated that patients with gastric carcinoma
benefit from Weichang'an (WCA) treatment. In addition, WCA has been shown
to increase the 5-year survival rate and reduce the 1- and 2-year metastatic
rates in patients with colorectal cancer.

Innovations and breakthroughs

We demonstrated that combination of WCA with 5-fluorouracil (5-FU)
suppressed colon tumor growth and hepatic metastases, reducing the tumor
weight and size, the rate of metastases and serum carcinoembryonic antigen
levels. The authors also confirmed that expression levels of B-catenin and
matrix metalloproteinase (MMP)-7 are involved in the process of metastasis
from colorectal cancer to the liver, as well as the inhibitory effect of WCA and
5-FU.

Applications

This study provided a new therapeutic strategy for colorectal cancer with
hepatic metastasis and may greatly contribute to prolong patient survival and
improve their quality of life.

Terminology

Orthotopic transplant nude mouse model: HCT-116 cells were subcutaneously
injected into the right axilla of nude mice. After 3 wk, tumors were excised
and cut into 1-2-mm?® pieces using sterile techniques. Tumor blocks were
transplanted into the cecum of nude mice by a purse-string suture.

Peer review

The authors analyzed the effect of the TCM WCA on colorectal carcinoma in
a clinically interesting orthotopic model. Their major finding was a reduction
in tumor weight and size as well as the number of metastases when WCA
was combined with 5-FU. They also speculate that decreased expression of
f3-catenin and MMP-7 may be involved in the anti-tumorigenic properties of
WCA. The design, technical performance and some of the conclusions made
in this study are comprehensible. The authors address a clinically very relevant
topic. The manuscript is overall written in good English.
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