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Background: Sanguisorba officinalis, a popular Chinese herb, called DiYu, has been shown to inhibit the growth of
many human cancer cell lines, including colorectal cancer cells. The aims of this study were to discover the active
compound and molecular mechanism of S. officinalis against Wnt/B-catenin signaling pathway and develop Wnt
inhibitors from natural products as anti-colorectal cancer agents.

Methods: 1,4,6-Tri-O-galloyl-3-p-glucopyranose (TGG) was obtained by the preparative HPLC. The effect of DiYu on
proliferation of NIH3T3 and HT29 was detected by MTT assay. Luciferase reporter assay was applied to investigate the
activity of Wnt/-catenin signaling in NIH3T3. The expression levels of mRNA and protein were detected by RT-PCR
and western blot. Immunofluorescence assay was used to measure the level of 3-catenin in cytoplasm and nucleus.
Transcriptomic profiling study was performed to investigate the molecular mechanism of DiYu on the Wnt/{3-catenin

Results: TGG significantly inhibited the Wnt/-catenin signaling pathway, down-regulated the expression of
-catenin and Wnt target genes (Dkk1, c-Myc, FGF20, NKD1, Survivin), up-regulated the levels of cleaved caspase3,
cleaved PARP and ratio of Bax/Bcl-2, which may explain the apoptosis of HT29.

Conclusions: Our study enhanced the discovery of the materials and elucidation of mechanisms that account for
the anti-Wnt activity of natural inhibitor (DiYu) and identified the potential of TGG to be developed as anti-colorectal
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Background

Colorectal cancer (CRC) is the third most commonly
diagnosed cancer in the world, which is closely related to
the aberrant activation of Wnt/B-catenin signaling path-
way [1-3]. It was found that most mutations of Wnt/{3-
catenin signaling were caused by the dysfunction of Apc
[4] or B-catenin [5]. They are respectively the negative
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and effector proteins involved in the Wnt signaling. A
large number of potent chemotherapeutic agents in clini-
cal practice on CRC display a narrow therapeutic window
and drug resistance. 5-FU and CPT-11 are the first-line
anti-colorectal cancer drugs widely used in clinic, but
with the emergence of drug resistance and toxic side
effects, their clinical efficacy is unsatisfactory [6, 7]. Cur-
rently, CRC remains a major cause of disease and death in
most countries. Thus, there is an urgent need to develop
effective and safe agents for the treatment of CRC. One
alternative approach is to develop Wnt inhibitors from
natural plants for anti-CRC drug development.
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Wnt/B-catenin signaling, as a proliferative and self-
renewal signaling pathway, is often complicated in the
stem cell control [8]. Excessive activation of the Wnt/p-
catenin signaling leads to specific human diseases [9],
including CRC [1]. In the absence of Wnt protein, the
degradation of B-catenin is regulated by a triplet, which
is composed of Axin protein, adenomatous polyposis coli
(Apc) and glycogen synthase kinase 3 (Gsk3p) [10]. The
Gsk3p sequentially phosphorylates the amino terminal
region of B-catenin, contributing to f-catenin ubiquitina-
tion and proteasomal degradation, resulting in the elimi-
nation of P-catenin and the suppression of Wnt target
genes. Moreover, the Wnt/B-catenin signaling pathway
could be activated under the Wnt ligand binding to the
seven-pass transmembrane Frizzled (Fz) receptor [11]
and its co-receptor, a low-density lipoprotein receptor
related protein 5/6(LRP5/6) [12]. The formation of Wnt-
Fz-LRP6 complex together with the scaffolding protein
Dishevelled (Dvl) leads to inhibition of B-catenin phos-
phorylation. These events result in the stabilization and
accumulation of -catenin, which travels to the nucleus
engaging T cell factor/lymphoid enhancer factor (TCF/
LEF) [13] to activate Wnt target gene expression.

Sanguisorba officinalis (also called great burnet) is
a common Chinese herbal medicine from the family
Rosaceae, used to treat hemostasis and inflammation.
It has broad biological activities including anti-cancer,
anti-inflammatory, and anti-oxidative activities [14]. Our
previous results have proved that the aqueous extract
of great burnet showed strong inhibition against prolif-
eration of CRC cells (HCT116, RKO) [15] and Wnt/p-
catenin signaling pathway [16]. However, the active
compound and the underlying molecular mechanism
such as apoptosis process in HT29 cells remained
unknown.

Therefore, the aims of this study were to discover the
active compound and molecular mechanism of S. offici-
nalis against Wnt/p-catenin signaling pathway, and
develop Wnt inhibitors from natural products as anti-
colorectal cancer agents.

Materials and methods

Additional file 1: Minimum Standards of Reporting
Checklist contains details of the experimental design, and
statistics, and resources used in this study.

Plant materials

The Sanguisorba officinalis root pieces studied in this
research were purchased from Zisun Pharmaceuti-
cal Companies (Guangzhou, China) (voucher numbers:
20160101) which were authenticated by Prof. Depo Yang
(Sun Yat-sen University) and the corresponding voucher
specimens were stored in the Pharmaceutical Analysis
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and Quality Assessment Laboratory, School of Pharma-
ceutical Sciences, Sun Yat-sen University, China.

Extraction and isolation

of 1,4,6-Tri-O-galloyl-B-p-glucopyranose (TGG)

Dried rhizome of S. officinalis was boiled and refluxed
with ultrapure water for 1 h (three times). After filtration,
the extracted solution was evaporated under reduced
pressure and the condensate was subjected to D101
macroporous resin column chromatography, eluted with
water, 40% ethanol, 95% ethanol to afford DY-A, DY-B,
DY-C. DY-B was further purified through preparative
HPLC eluting with 40% aqueous acetonitrile to afford
the compound DYB4, which was identified as 1,4,6-tri-
O-galloyl-B-p-glucopyranose (TGG) by 1H-NMR and
13C-NMR. 1H-NMR assigns the signals to the different
protons of the molecule, 13C-NMR assigns the signals to
the different carbon atoms of the molecule.

Chemicals and reagents

The powder of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide was purchased from MP Bio-
medicals (Santa Ana, USA). DEPC solution was obtained
from Sangon Biotech (Shanghai, China). Wnt3a pro-
tein was obtained from Stem RD (Burlingame, USA).
Steady-Glo® luciferase assay system kit was from Pro-
mega Corporation (Madison, USA). PrimeSCript RT
reagent kit with gDNA Eraser and SYBR® Premix Ex
Taq " II (Tli RNaseH Plus) were purchased from Takara
Bio Inc (Kusatsu, Shiga, Japan). The anti-B-catenin
(#19807), anti-B-actin (#4970), anti-Bax (#14796), anti-
Bcl-2 (#4223), anti-caspase3 (#9662), anti-PARP (#9532)
and RIPA reagent were purchased from Cell Signaling
Technology, Inc. (Danvers, MA, USA). The second anti-
body (#AP132P) was from EMD Millipore Corporation
(Temecula, CA). Alexa Fluor 594 AFFINIpure Goat Anti-
Rabbit IgG(H+L) and DAPI Fluoromount-Gtm were
purchased from Yeasen Co., Ltd (Shanghai, China).

Cell lines and culture

The NIH3T3 cells transfected with stable top flash plas-
mid were purchased from Curegenix Inc (Guangzhou,
China). HT29 cells were a gift from Professor Jun Du
(Sun Yat-sen University, China). Both cell lines were cul-
tured in DMEM which contains 10% fetal bovine serum
(Gibco, China) in the incubator of 37 °C and 5% CO,.

Cell viability

NIH3T3 and HT29 cells were plated in 96-well plates
at a concentration of 8000 cells/well for 24 h. Then
cells were treated with culture medium supplemented
with different drug solution. After 24 h co-cultivation,
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3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) was added to evaluate the viability of
cells.

Luciferase reporter assays

NIH3T3 cells were plated in 96-well plates at a concen-
tration of 2 x 10* cells/well. After 24 h, cells were treated
with DMEM medium containing different S. officinalis
drug solutions in the presence of wnt3a (100 ng/mL) for
another 24 h. After the treatment, cell luciferase activity
was detected according to the manufacturer’s instruction
of Steady-Glo® luciferase assay system kit.

Western blotting assay

NIH3T3 and HT29 cells were seeded in 6-well plates
with 3 x 10° cells/well overnight, treated with different
drug solution in DMEM medium. After 24 h incubation,
cells were digested by trypsin and centrifuged 5 min at
1000 rpm, the deposit was lysed with RIPA reagent on
ice to obtain the total cellular protein. The concentra-
tion of proteins was determined using bicinchoninic acid
assay (BCA). The targeted protein bands were visualized
by SuperSignal ™ west Pico Chemiluminescent Substrate
(Thermo Fisher Scientific, MA, USA) and imaged by the
ChemiDoc XRS+ system (Bio-Rad, Hercules, CA, USA).
The expression profile of different tested proteins was
analyzed under the same experimental conditions. And
a single western blot experiment in each case was per-
formed because that some tested proteins have similar
molecular weight.

Reverse transcription quantitative PCR assay

Both two cell lines were plated in 6-well plates at a den-
sity of 3 x 10° cells/well to measure the expression level
of Wnt target gene or its related gene by quantitative
real time PCR assay. After incubated with different drug
solution for 10 h, cells were lysed by Trizol reagent (Inv-
itrogen, USA) to extract the total RNA. The RNA concen-
tration of each sample was determined with the Qubit2.0
at 260/280 nm (Thermo Fisher Scientific, Waltham, MA,
USA), then the purified total RNA was used to perform
the reverse transcription to obtain cDNA according to
the manufacture’s protocol of PrimeScript RT reagent
Kit (Takara). The cDNA was mixed with other reaction
reagent of SYBR Premix Ex Tap"" kit (Takara) and PCR
Forward/Reverse Primer to perform the quantitative
PCR assay on PCR system (Bio-Rad, CFX96, USA), the
obtained data were analyzed using AACt approach. The
several genes primers sequences were showed in Addi-
tional file 2: Table S1.
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Immunofluorescence assay

NIH3T3 and HT29 cells were plated in 15 mm confocal
dishes for 8 x 10* cells/well overnight, which were then
treated with the drug solution for 24 h. Each sample was
washed with PBS and fixed by 4% paraformaldehyde for
30 min. Immediately, the fixative liquid was removed by
PBS and the 0.1% Triton X-100 was added to permeabi-
lize cells. Subsequently, cells were blocked with 5% skim
milk solution and blotted using the anti-B-catenin in the
same way as western blot assay, following the incubation
of cells with the IgG labeled anti-fluorescence. Finally,
the cell nucleus was stained with DAPI Fluoromount-
G", which was observed and imaged under the confocal
microscopy (Zeiss, Smartproof 5, Germany).

Transcriptomics analysis

For the sequencing analysis, NIH3T3 cells seeded in
6-well plate were treated with drug solution for 10 h
and lysed with Trizol reagent. The cell transcriptom-
ics was analyzed by the Biomarker Technologies (Bei-
jing, China). The processing protocol was as follows:
first, RNA degradation and contamination were moni-
tored by using 1% agarose gels, the purity of which was
determined with NanoPhotometer spectrophotometer
(IMPLEN, CA, USA). Then the RNA concentration was
measured according to the instruction of Qubit RNA
Assay Kit (Life Technologies, CA, USA), at the same
time, the integrity of RNA was measured by RNA Nano
6000 Assay Kit (Agilent Technologies, CA, USA). Each
RNA sample including 1 ug RNA was prepared to estab-
lish the sequencing libraries by NEBNext UltraTM RNA
Library Prep Kit. Finally, according to the established
library, the sequencing was conducted by using the way
of illumine Hiseq 2500 platform and generating the
paired-end reads. It was needed for raw data to remove
the reads containing adapter and low quality before anal-
ysis. Additionally, the differential expression analysis of
genes between any two samples was performed by the
DEGseq (2010) R package. Q value <0.005 and |log2 (fold
change)| > 1 was considered to be significantly differen-
tial expression. KEGG pathway analysis and GO enrich-
ment analysis of DEGs were performed by the KOBAS
3.0 software and GOseq R packages (http://www.geneo
ntology.org/).

Flow cytometry analysis of apoptosis and the cell cycle

For the analysis of apoptosis, cells were washed by cold
PBS, then prepared according to the Annexin V-FITC
Apoptosis Detection Kit protocol. In cell cycle assays,
cells were washed by cold PBS after the treatment with
drugs. Then pre-cooled 70% ethanol (stored at —20 °C
overnight) was added to fix cells. Finally, cells were
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treated with PI/RNase solution for 15min after washing
with PBS. And the Coulter Epics XL Flow Cytometric
System (Beckman Coulter, Miami, FL, USA) was used to
detect the samples.

Statistics analysis

All experiments except the transcriptomics analysis
in this study were repeated in triplicates and their data
were expressed as mean =+ SD (n=3). The statistics analy-
sis was conducted by Graph prism 5 software. The sig-
nificant difference was evaluated by two-tailed Student’s
t test and P<0.05 was a representative of statistically sig-
nificant difference.

Results

Sanguisorba officinalis and the active component blocked
Wnt/B-catenin signaling pathway in NIH3T3 cells

To identify the natural products from traditional medi-
cine Sanguisorba officinalis that blocked the Wnt sign-
aling pathway, wnt3a-treated NIH3T3 cells model is
important for evaluating the drug effects on Wnt/p-
catenin signaling pathway, which were transfected with
top flash plasmid containing TCF/LEF regions [13] for
the luciferase reporter assay. NIH3T3 cells were first
incubated with the aqueous extract DY and ethanol elu-
tion of gained from a D101 macroporous absorbent
resin column in the presence of Wnt3a conditioned
medium, and the activity of drugs was determined by
the MTT assay (Additional file 2: Figure S6), followed
by luciferase reporter assay. The results showed that the
aqueous extract DY and the 40% ethanol elution DY-B
dose-dependently inhibited the Wnt signaling pathway
(Fig. 1b). The Wnt signal was up-regulated in NIH3T3
cells treated with Wnt3a (Fig. 2). Obtained as the tan
amorphous powder, DY-B was subsequently purified by
a preparative HPLC for monomers, and activities of the
monomers were also screened by the luciferase reporter
assay (Additional file 2: Figure S1). Using this strategy,
an active compound DYB4 of good inhibitory activity
on the Wnt signaling pathway was isolated (Fig. 1b), and
the purity of DYB4 was analyzed by HPLC. The structure
was determined with '*C-NMR and 'H-NMR (Additional
file 2: Figure S9) as 1,4,6-tri-O-galloyl-p-D-glucopyranose
(TGQG) [17] (Fig. 1a). IH-NMR assigns the signals to the
different protons of the molecule, 13C-NMR assigns the
signals to the different carbon atoms of the molecule.

In order to further confirm that the DY, DY-B and
DYB4 have strong inhibitory effects on the Wnt/f3-
catenin signaling pathway, we studied the influence of
these products on the expression of Wnt signaling key
protein, B-catenin. The active -catenin plays an impor-
tant role in the Wnt/B-catenin signaling pathway, by
entering the nucleus and binding to the TCE/LEF to
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activate the pathway when it is not phosphorylated and
degraded by the complex [18]. Here, we studied the influ-
ence of DY, DY-B and DYB4 on B-catenin protein in dif-
ferent parts: the whole cell, cytoplasm and nucleus [19].
The western blot results showed that DY, DY-B and DYB4
significantly downregulated the level of f-catenin protein
in these three parts (Fig. 3a).

Besides, to intuitively observe the effects on -catenin
protein by DY, DY-B and DYB4, the immunofluores-
cence assay was conducted, and the data indicated that
the protein amounts were obviously decreased in the
cytoplasm although it was not observed that -catenin
was successfully transferred into nucleus (Fig. 5a). Mean-
while, we performed the qPCR experiment to analyze the
effect on mRNA level of B-catenin gene and other Wnt
target gene. The results showed that the mRNA level of
B-catenin was dramatically down-regulated by DY, DY-B
and DYB4 (Fig. 3b), which revealed that these drugs may
inhibit the Wnt signaling pathway by regulating the tran-
scription and translation process of B-catenin gene. Fur-
thermore, the mRNA levels of Wnt target genes (Dkk1
[20], c-Myc [21], FGF20, NKD-1 [22], Survivin [23]) were
reduced, except for gene Axin2 [24], DY, DY-B and DYB4
didn’t show significant inhibitory effects on Axin2 gene
(Fig. 3¢).

DY, DY-B and DYB4 down-regulated the Wnt/B-catenin
signaling in HT29 cells

Recent research manifested that the aberrant activation
Wnt/B-catenin signaling pathway was closely related to
colon cancer, and the mutation of Wnt signaling path-
way genes (Apc, Axin2) were found in mostly intermit-
tent colorectal cancer. Based on the previous data that
DY, DY-B and DYB4 of S. officinalis showed a signifi-
cant inhibitory activity on the Wnt signaling pathway
in NIH3T3 cells, we further studied their influences on
the colorectal cancer cell HT29. The concentrations of
these drugs incubated with HT29 were determined by
the MTT assay to avoid the impact of cells viabilities on
the results (Additional file 2: Figure S7). The western blot
assay results showed that DY, DY-B and DYB4 effectively
down-regulated the levels of total -catenin protein and
the nucleus P-catenin protein, as well as the protein in
the cytoplasm, in addition, the down-regulation effect
of DYB4 on B-catenin protein was weaker than the DY
and DY-B (Fig. 4a). The qPCR experiment results also
validated the above results, the levels of p-catenin mRNA
transcription were decreased by DY, DY-B and DYB4
(Fig. 4b). The immunofluorescence assay was also con-
ducted in HT29, and the results demonstrated that the
amounts of B-catenin protein were notably decreased
by DY, DY-B and DYB4 (Fig. 5b) in cytoplasm, without
affecting the nuclear translocation of B-catenin protein,
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Fig. 1 Inhibitory effects of DY, DY-B, DYB4 on the Wnt/B-catenin signaling pathway in NIH3T3 cells. a The chemical structure of DYB4. b The
dose-dependently inhibition by DY, DY-B, DYB4 on the Wnt/B-catenin signaling pathway. c The 13C-NMR information of DYB4. **P <0.01,
***P <0.001, vs. control group

which was similar to the results in NIH3T3 cells. For = demonstrated that DY and DY-B effectively reduced
further confirmation, the Wnt target genes levels (Axin2  the transcription of the six target genes, and DYB4 only
[24], DKkl [20], c-Myc [21], FGF20, NKD-1 [22], Sur- downregulated the expression of Dkkl, c-Myc, FGF20
vivin [23]) were also evaluated through the quantita- and Survivin genes, but it had no effect on the expression
tive real time PCR assay in HT29 cells. These results of Axin2 and NKD-1 genes (Fig. 4c).
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The transcriptomics study of DY, DY-B and DYB4 in NIH3T3
cells

To further verify our findings and investigate the under-
lying molecular mechanism of DY, DY-B and DYB4 on
the Wnt signaling pathway, the high-depth next genera-
tion sequencing study on NIH3T3 cells transfected with
the top flash plasmid were performed, which was in the
presence of Wnt3a ligand. The transcriptomics results
showed that the gene expression profiles of NIH3T3
cells treated with, DY, DY-B and DYB4 were clearly dif-
ferent from the control group. We used EBseq to identify
the statistically significant differential expression genes
(DEGs) for pairwise comparisons between different cell
groups. Results suggested that many differential expres-
sions of genes were induced by these drugs. Different
from the untreated cell group, 411 genes’ expressions
were effectively altered in the cell group treated with DY,
and 1012 and 1119 by DY-B and DYB4, respectively. Fur-
thermore, we observed that the up-regulated DEGs was

more than two times as many as the down-regulated
DEGs (282 to 129) in cell group treated with DY. Interest-
ingly, for all DEGs in the cell groups treated with DY-B
and DYB4, approximately 80% (807 of 1012 and 936 of
1119) of these genes were identified as up-regulated
DEGs, with few (205 and 183) being down-regulated
DEGs as well (Table 1). The analysis of MA plot and
Volcano plot was performed to show the significance of
DEGs (Additional file 2: Figure S3). These results showed
the DEGs induced by DY, DY-B, DYB4 may be related to
the inhibition of Wnt signaling pathway.

Based on the DEGs’ functional similarity, we analyzed
the multiple biological functions of DY, DY-B and DYB4,
including biological process, molecular function and
cellular component. At the background of all genes, the
secondary functions enrichment results of DEGs were
showed in the Additional file 2: Figure S10. Comparing
the top 10 secondary functions of biological process in
different drugs groups, we found that the enrichment of
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intracellular signal transduction [25] was induced by DY
and DY-B, which was not observed in DYB4 group. The
GO term of the positive regulation of transcription [26]
by DNA-templated enrichment was only found in DY and
DY-B groups, in addition, the positive regulation of cell
proliferation enrichment was only noticed in DY-B and
DYB4 groups. In terms of molecular function and cel-
lular component, the levels of DEGs enrichment exhib-
ited difference in different groups. The heparin binding
[27] and dendrite enrichments [28] were observed in
DY group, the ubiquitin-protein transferase activity and
lamellipodium enrichments were noticed in DY-B group,
besides, the protein serine/threonine kinase activity and
melanosome enrichments were found in DYB4 group
(Additional file 2: Figure S4). The differentially expressed

biological functions can be regulated by Wnt signaling
through different mechanisms.

In order to further explore the potential functional
pathway of DEGs altered by DY, DY-B and DYB4, the
Kyoto Encyclopedia of Genes and Genomes (KEGG)
analysis for the all DEGs in cell groups were conducted.
The number of DEGs that contributed to multiple biolog-
ical pathways including Cellular Processes, Environment
Information Processing, Genetic Information Processing,
Human Diseases, Metabolism and Organismal Systems,
were shown in Additional file 2: Figure S11. It was inter-
esting to find that the metabolism enrichment contrib-
uted by DEGs, such as glycolysis/gluconeogenesis, carton
metabolism and glycerophospholipid metabolism, was
only found in the DY group. And the DEGs enrichment
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of Genetic Information Processing such as RNA degra-
dation, ubiquitin mediated proteolysis, and Fanconi ane-
mia pathway was only noticed in DY-B and DYB4 groups.
From the statistic of pathway enrichment, we found that
most DEGs were enriched in the pathways about cancer
in all groups. In DY group, the PI3K-Akt signaling path-
way contributed by more DEGs was shown as signifi-
cantly over-represented (Additional file 2: Figure S11).

The analysis of DEGs about Wnt/B-catenin signaling
pathway

According to the KEGG analysis of DEGs in the Wnt/p-
catenin signaling pathway, we compared the number of
DEGs in the DY, DY-B and DYB4 groups, and it was inter-
esting to find that all of DEGs were up-regulated. In DY
group, only Wnt9a [29], Apc [10], Dkk2 [30] and Damm1
were observed as the up-regulated genes, while DY-B up-
regulated the expression of Wnt9a, Apc, Damm1, Wnt5a,
Gsk3p [10], Prickle2, Nfatc3, Plcbl, Plcb4, Fzd1, Ep300.
And DYB4 up-regulated the expression of Wnt9a, Apc,
Damml, Gsk3p, Plcb1, Ep300, Rock2, Lrp6, Fzd5 (Fig. 6).

The inhibition of Wnt/B-catenin signaling pathway by DY,
DY-B, DYB4 contributed to apoptosis in HT29 cells
Deregulation of Wnt/B-catenin signaling pathway was
reported to be associated with cancer development and
regulates the cell proliferation, differentiation and apop-
tosis [31, 32]. Based on our previous studies that DY can
inhibit the proliferation of HCT116 and RKO [15], we
investigated whether the inhibition of Wnt/B-catenin
signaling pathway on HT29 treated with DY, DY-B, DYB4
could affect the cells apoptosis. Several key proteins’
expression (caspase3, PARP, Bax, Bcl-2) [31] in the pro-
cess of apoptosis were studied by western blot assay. Data
showed that the expression of caspase3, PARP and Bax
were up-regulated, and although the down-regulation of
Bcl-2 was not obvious in all groups, the level of Bax/Bcl-2
ratio was also increased (Fig. 7). Cell cycle experiments
results showed that HT29 cells can be blocked in GO/
G1 phase (Fig. 8a), and the apoptotic rate was obviously
increased in HT29 cells treated with DY, DY-B, DYB4
(Fig. 8b), which indicated that the apoptosis was closely
related to the inhibition of Wnt/p-catenin signaling path-
way by DY, DY-B, DYB4 in HT29 cells.
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Table 1 The numbers of DEGs induced by DY, DY-B
and DYB4

DEG set DEG number Up-regulated Down-
regulated
Control-vs-DY 411 282 129
Control-vs-DY-B 1012 807 205
Control-vs-DYB4 1119 936 183

Discussion

It has been reported that the abnormal activation of Wnt/
[-catenin signaling pathway plays a key role in the devel-
opment of colorectal cancer, and the inhibitors of Wnt
may be an effective treatment for colorectal cancer [1]. In
our previous study, we found that the aqueous extract DY
of S. officinalis strongly inhibited Wnt/p-catenin signaling
pathway, so we continued to study the active compounds
and the underlying molecular mechanism. In this study,
we found that 1,4,6-tri-O-galloyl-pB-p-glucopyranose
(TGG), shows significant inhibition effect on the Wnt

signaling pathway (Fig. 1b), which was reported to inhibit
human cancer K562, HL-60, HeLa cells in vitro and as
positive control of antitumor activity in murine sarcoma
S180 tumor-bearing Kunming mice [17]. Further mecha-
nistic study showed that TGG inhibited the Wnt pathway
by down-regulating the level of B-catenin and the expres-
sion of some Wnt target genes (Dkkl [20], c-Myc [21],
FGF20, NKD-1 [22], Survivin [23]) (Fig. 3c). B-catenin
occupies the core position in the Wnt pathway. When the
amount of B-catenin increases in cytoplasm, it will enter
the nucleus, which leads to many cellular events includ-
ing proliferation, invasion, metastasis [33]. Moreover, the
levels of B-catenin in colon cancer cells are substantially
increased compared with normal tissues [34]. Therefore,
targeting [-catenin would be a potential way in reversing
excessive activation of Wnt pathway in colon cancer cells.
However, few of natural compounds have so far been
found to target [B-catenin. Resveratrol, extracted from
Chinese herbal medicine Polygonum cuspidatum, can
decrease nuclear localization of B-catenin thus attenuated
Wnt/B-catenin signaling, which leads to the inhibition of
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CRC invasion and metastasis [35]. Alkaloid berberine,
as a traditional anti-inflammatory Chinese herbal medi-
cine, can inhibit colon tumor formation through inhibi-
tion of Wnt/p-catenin signaling [36]. Wenyang Huazhuo
Tongluo formula has anti-fibrosis effect in Bleomycin-
induced SSc mouse model by inhibiting Wnt/f-catenin
signaling pathway [37]. Thus, our study provides a valu-
able prototype for effective therapeutic agents in tumor
treatment by inhibiting Wnt pathway.

In the next generation sequencing results, the GO
terms analysis revealed that the DEGs caused by these
drugs were mainly involved in biological process,
cell composition and molecular function, which were
related with cell metabolism, apoptosis and proliferation
(Additional file 2: Figure S10). Specially, from the top 10
functions of GO terms, we found that the positive regu-
lation of apoptotic process [31] was highly significant in
DY, DY-B, DYB4 groups (Additional file 2: Figure S4),
which may be potentially associated with the treatment
of colorectal cancer. Additionally, based on the KEGG
analysis of DEGs enrichment, we found that the over-
representation of the pathway in cancer and the PI3K/

Akt signaling pathway was observed in all groups (Addi-
tional file 2: Figure S11). PI3K/Akt pathway was closely
related to Wnt pathway in tumor cell migration [38].

In terms of Wnt pathway, the mRNA level of Wnt9a,
Apc were up-regulated in DY, DY-B, DYB4 groups.
Wnt9a [29] as the non-canonical Wnt pathway ligand,
can inhibit proliferation and increase apoptosis by sup-
pressing B-catenin. And the Apc [10] also can promote
the degradation of PB-catenin by forming the so-called
destruction complex with Gsk3p and Axin. In addition,
DY also up-regulated the expression of Dkk2. DYB4 up-
regulated the expression of Gsk3p (Fig. 6). The up-regu-
lation of Wnt9a, Apc, Dkk2 [30], Gsk3p [10] was relevant
to the inhibition of Wnt signaling pathway. These results
help to explain the molecular mechanism of S. officinalis
on Wnt.

Moreover, most studies have reported that the cell
apoptosis can be induced with the inhibition of Wnt sign-
aling pathway by targeting on the Wnt related genes, such
as Apc, Gsk3p, c-Myc, NKD-1, Survivin, Wnt9a and so
on. Our previous results on the level of caspase3, PARP,
Bax and Bcl-2 [31] were used to evaluate the apoptosis of
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Fig. 7 Effects of DY, DY-B, DYB4 on the apoptosis related genes. The figure indicates that DY (40 ug/mL), DY-B (40 pg/mL), DYB4 (40 uM) effectively
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HT29 treated with DY, DY-B, DYB4. The caspase3, PARP
and the ratio of Bax/Bcl-2 were up-regulated (Fig. 7)
and HT29 cells were blocked in G1/GO phase (Fig. 8),
suggesting that the intrinsic apoptotic activity was acti-
vated under the suppression of Wnt/B-catenin signaling
pathway.

Conclusion

Our study indicates that DY, DY-B and DYB4 from S.
officinalis effectively inhibit the Wnt/p-catenin signaling
pathway. The inhibition activity was possibly mediated
by the down-regulation of B-catenin or the Wnt-related
genes. Additionally, DY, DY-B and DYB4 up-regulate the
level of caspase3, PARP and the ratio of Bax/Bcl-2, and
induced the apoptosis of HT29 cells. Taken together, our
findings demonstrate that DYB4 (TGQ), is a potential
anti-Wnt agent for the treatment of colorectal cancer.
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