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ABSTRACT

Currently, 5-Fluorouracil (5-FU) based chemotherapy is the primary option for colorectal cancer after surgery,
whereas chemotherapy resistance related mortality is observed in a large proportion of patients. Anemoside B4
(AB4) is a triterpene saponin, which exhibits a considerable activity in oncotherapy. In this study, we explored
the efficacy of AB4 in FU-based chemotherapy in colorectal cancer cells and the underlying molecular
mechanisms. Our results indicated a significant synergistic activity of AB4 in 5-FU treated colorectal cancer cells.
Furthermore, AB4 treatment eliminated colorectal cancer stem cells by promoting apoptotic cell death in 5-FU
resistant colorectal cancer cells. Mechanically, AB4 activated caspase-9 pathway in 5-FU resistant colorectal
cancer cells. Elevated Src activity induced cell apoptosis and cancer stem cells elimination effects in AB4 treated
colorectal cancer cells. In conclusion, AB4 showed promising sensitization effect in the FU-based chemotherapy
of colorectal cancer. Our study may pave a way to ameliorate FU-based chemotherapeutic efficiency in
colorectal cancer.

INTRODUCTION treatment increases the permeability of the outer
mitochondrial membrane to induce cell damage [5].
Despite the advances and optimization in colorectal The aggregation and activation of caspase-9 causes
cancer administration, increasing incidence and DNA damage and cell apoptosis [6]. Caspase-9 has
mortality has been calculated in the young adults over been reported as an initiating caspase for endogenous
the last 25 years [1]. Currently, conventional apoptotic pathway [7]. Dysregulated phosphorylation
chemotherapy after surgical resection is the first-line of the signaling is critically involved in FU-based
chemotherapy regimen for colorectal cancer patients. chemotherapy  resistance [8]. Previous reports
Among them, 5-Fluorouracil (5-FU) is the primary identified Src kinase phosphorylated caspase-9 to
option for chemotherapy regimens, such as FOLFOX enhance its apoptotic activity [9], which was a
and FOLFORI [2]. However, a large proportion of promising novel strategy for chemotherapy resistance
patients suffer relapse and cancer-related mortality reversal in colorectal cancer.
during chemotherapy, which is referred as 5-FU
resistance [3]. Further study for the mechanisms of FU Anemoside B4 (AB4) is a main effective triterpene
resistance is an essential step for improving therapeutic saponin from the roots of Pulsatilla chinensis (Bunge)
efficiency of colorectal cancer. [10]. P. chinensis shows a considerable activity on
anti-inflammatory and antioxidant [11]. Recent studies
Fluorouracil (FU) is an irreversible inhibitor of also identified the therapeutic potential of triterpenoid
thymidylate synthase, which interferes with nucleoside saponin AB4 in the treatment of hepatocellular
metabolism to induce tumor cell death [4]. FU carcinoma and chronic myeloid leukemia [12, 13].

www.aging-us.com 25365 AGING


mailto:wliu533@outlook.com
https://orcid.org/0000-0002-0195-3730
https://creativecommons.org/licenses/by/3.0/
https://creativecommons.org/licenses/by/3.0/

AB4 induces cancer cell apoptosis and autophagy to
inhibit cell proliferation and angiogenesis inhibitor
[14]. Besides, AB4 attenuates nephrotoxicity of
cisplatin during chemotherapy [15], which indicates its
potential use in the combined treatment of
chemotherapy. Detailed mechanism study was also
needed for the effects of AB4 on chemotherapy
treatment.

In the present study, we determined the effects of
AB4 in FU-resistant colorectal cancer cells. AB4
sensitizes  colorectal cancer to 5-FU-based
chemotherapy by elevated Src activation and caspase-
9 apoptotic pathway. Our study may pave a way to
ameliorate FU-based chemotherapeutic efficiency in
colorectal cancer.

RESULTS
cancer cells to 5-FU

AB4 sensitizes colorectal
treatment in vitro

FU resistant colorectal cancer cells, HCT116/FU cells
were prepared with gradient elevated concentration of
5-FU for six months. HCT116/FU cells showed
increased cell survival than the parental cells with
MTT assays (Figure 1A). Then we evaluated the
antiproliferative effects of combined treatment of 5-
FU and a gradient of AB4 in HCT116/FU cells by
MTT assays. The cell viability analysis revealed that
combined treatment of AB4 (=25 uM) notably
restrained the proliferation of HCT116/FU cells
(Figure  1B). Further studies  demonstrated
significantly decreased cell survival in 5-FU resistant
HCT116 cells with combined 25 uM AB4 treatment
than 5-FU only (Figure 1C). Notably, 25 uM AB4
significantly  inhibited the  proliferation  of
HCT116/FU cells in 5 days treatment, which indicated
AB4 reversed 5-FU resistance in vitro (Figure 1D).
Similar results were observed in AB4 treated
ACC1805 cells, a primary colorectal cancer cell
(Figure 1E). Colony formation assay was performed
to measure the long-time survival inhibition effects of
AB4 treatment. As expected, cell survival rate was
reduced obviously in AB4 treatment groups in a dose-
dependent manner (Figure 1F), which showed reduced
number of cell colonies in AB4 treated group (=25
uM) than other ones (Figure 1G). These results
supported AB4 sensitizes chemotherapy resistant
colorectal cancer to 5-FU in vitro.

AB4 eliminates colorectal cancer stem cells
Further studies were performed for the stemness related

traits of AB4 treated 5-FU resistant colorectal cancer
cells. Our studies indicated that AB4 treatment

suppressed tumor sphere formation in suspension
culture of HCT116 and HCT116/FU cells, which
showed decreased sphere volumes in AB4 treated cells
than the control groups (Figure 2A). A significant
decrease in the number of sphere-forming cells
indicated a reduced self-renewal capacity of the AB4
treated cells (AB4 > 25 uM, Figure 2B).
Immunofluorescent staining with HCT116/FU and
HCT116 sphere cells indicated that AB4 treatment
decreased the expression levels of LGR5 (Figure 2C),
which was an important biomarker for colorectal cancer
stem cells. Furthermore, after 48 h culture with gradient
concentrations of AB4, the percentage of LGR5* or
CD133* cells were significantly decreased with
flowcytometry analysis (AB4 > 25 uM, Figure 2D, 2E).
Further PCR analysis also indicated decreased mRNA
levels of cancer stem cell biomarkers in 25 uM AB4
treated HCT116/FU sphere cells, including LGRS5,
CD133, CD24 and POUS5F1 (Figure 2F). Taken
together, these data suggested that AB4 was an effective
agent in inhibiting self-renewal capacity of colorectal
cancer cells.

AB4 promotes apoptotic cell death of 5-FU resistant
colorectal cancer cells

We further investigated the therapeutic efficacy of AB4
on tumor growth of colorectal cancer in vivo.
Dissociated HCT116/FU cells were subcutaneous
implanted into athymic nude mice until the xenograft
was about 100 mm?. Then the mice were treated with
intravenous infusion with 5-FU and AB4 or vehicle
every three days. Tumors in AB4-treated mice showed
decreased tumor growth compared to only 5-FU treated
ones (Figure 3A). Moreover, AB4-treated tumors
showed significantly lower volume and weight than the
control group (Figure 3B). IHC staining was performed
with the xenografts, which showed AB4 treatment
decreased LGRS expression in xenografts (Figure 3C).
Notably, decreased Bcl-2 and increased Caspase-3
expression was observed in the AB4 treated tumors
(Figure 3C). Furthermore, flowcytometry analysis was
performed to measure cell apoptosis with AB4
treatment. Compared to vehicle control group,
combined AB4 treatment significantly increased early
and late apoptosis percentages of HCT116/FU and
ACC1805 cells, a primary colorectal cancer cell line (p
< 0.01, respectively. Figure 3D, 3E). Collectively, these
results indicated that AB4 promoted apoptotic cell death
of 5-FU resistant colorectal cancer cells.

AB4 activates caspase-9 pathway in 5-FU resistant
colorectal cancer cells

Based on the elevated cell apoptosis of AB4 treated
tumors, we further analyzed the molecular mechanism
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Figure 1. AB4 sensitizes colorectal cancer cells to 5-FU treatment in vitro. (A) HCT116 and HCT116/FU cells were treated with a
gradient concentration of 5-FU (0-100 uM), which showed increased cell survival of HCT116/FU cells than parental cells. (B) HCT116/FU
cells were treated with 5-FU (20 uM) and different concentration of AB4 (5-50 uM) for 24 or 48 hours. Cell viability was measured by MTT
assays. (C, E) HCT116/FU and ACC1805 cells were treated with 25 uM AB4 and a gradient of 5-FU for 48 h. The cell proliferation was
analyzed. (D) HCT116/FU cells were treated with AB4 (25 uM) and/ or 5-FU (20 uM) for 5 days. Cell proliferation was examined with MTT
assay. (F, G) Colony formation assays were performed with HCT116/FU cells, which showed reduced number of colonies in AB4 treated
group (225 uM) than vehicle or 5 uM AB4 treated groups. These results represent the average of three independent experiments. Data are

shown as means + SEM. "P < 0.01.
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Figure 2. AB4 eliminates colorectal cancer stem cells. (A) Totally 1000 single colorectal cancer cells (HCT116 and HCT116/FU) were
cultured in suspension culture system with gradient AB4 treatment (0, 5, 25, 50 uM). Representative images of tumor cell spheres were
captured in the 10th day. (B) The numbers of tumor spheres at the tenth day were counted and compared between groups. (C) Confocal
assays were performed for the expression of LGR5 (Green) in HCT116 and HCT116/FU cells, which was treated with AB4 for 24 days. Nuclei
(blue). (D, E) The percentage of LGR5* cells of HCT116/FU and HCT116 were analyzed with flowcytometry, which were treated with
different concentration of AB4 (0, 5, 25, 50 uM) for 48 h. (F) Relative mMRNA expression of cancer stem cell-related genes in AB4 (25 uM)/5-
FU (20 uM) treated HCT116/FU cells and only 5-FU treated cells. Data represent three independent experiments, and shown as the means
SEM. "P < 0.01.
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Figure 3. AB4 promotes apoptotic cell death of 5-FU resistant colorectal cancer cells. (A) Xenografts of HCT116/FU cells were
implanted subcutaneously until the volume was about 100 mm?3 in nude mice. The mice were treated with intravenous infusion of 5-FU (20
mg/kg) or combined with AB4 (40 mg/kg) every three days. Tumor volume was measured in the indicated day. The curves showed the
mean volume = SEM of tumor size. (B) Xenografts were harvested and imagined after 21 days treatment. The tumor volumes were
compared between groups. Bar = 1 cm. (C) Representative IHC staining images of the expression of LGR5, bcl-2 and caspase 3 in the
xenografts of different group. Bar, 50 um. (D) HCT116/FU and ACC1805 cells were treated with 25 uM AB4 and 20 uM 5-FU for 48 h. Cells
were collected and stained for cell apoptotic analysis by flow cytometry. (E) Statistical analysis of cell apoptosis in different groups as
described in (D). The results represent three independent experiments. Data are shown as means + SEM. "P < 0.01.
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of AB4 facilitated 5-FU-sensitivity of colorectal cancer
cells. HCT116/FU and AAC1805 cells were treated
with  5-FU and AB4 combined treatment.
Correspondingly, increased caspase 3 activities were
observed in combined AB4/5-FU treatment than only 5-
FU (p < 0.01, respectively. Figure 4A). Furthermore,
HCT116/FU cells also indicated increased caspase-9
activity with the combined 5-FU/AB4 treatment than
only 5-FU especially after 3 hours treatment (p < 0.01,
respectively. Figure 4B). Notably, Western blot assays
were performed for the activation of Src-caspase-9
signaling pathway, which indicated that AB4 treatment
increased Src phosphorylation and cleaved caspase-9
(Figure 4C). Furthermore, the pro-apoptotic effects of
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AB4 were also supported by the increased cleavage of
PARP and caspase 3, as well as reduced Bcl-2
expression in AB4/5-FU treated HCT116/FU and
ACC1805 cells (Figure 4D). These results indicated that
AB4/5-FU  combined treatment conferred more
chemotherapy induced apoptosis in colorectal cancer
cells via activation of caspase-9-caspase 3-dependent
apoptotic pathway.

Src promotes synergistic effects of AB4 with 5-FU
treatment

In order to assess the role of Src protein on the
synergistic effects of AB4 and 5-FU treatment,
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Figure 4. AB4 activates Caspase 9 pathway in 5-FU resistant colorectal cancer cells. (A) HCT116/FU and ACC1805 cells were
treated with 25 uM AB4 and 20 puM 5-FU for 48 h. Control groups were treated with 5-FU only. Activity of caspase 3 was measured with
pNA concentrations. (B) HCT116/FU cells were treated with 25 uM AB4 and 20 uM 5-FU. The activity of caspase-9 was measured and
compared between groups in 0, 3, 6, 12, 24 hours. (C) HCT116/FU cells were treated with 20 uM 5-FU and/or 25 uM AB4. Western blot
assays were performed for the Src-caspase-9 signaling pathway activation status. (D) Apoptosis related proteins (cleaved PARP, caspase
3, Bcl-2) were measured with Western blot assays. The results represent three independent experiments. Data are shown as means +

SEM. "P < 0.01.
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HCT116/FU cells were transfected with His-Src or
vector plasmids, followed by AB4/5-FU treatment and
evaluation of the apoptotic pathway. Bosutinib was used
for the inhibition of Src signaling pathway. Increased
cleavage of caspase-9 was detected in the His-Src
overexpressing cells with AB4 treatment, whereas
dramatically  decreased in  Bosutinib  treated
HCT116/FU-vector or HCT116/FU-Src cells (Figure
5A). Our results indicated that Src phosphorylation
contributed to AB4 induced caspase-9-related apoptotic
pathway. Meanwhile, Src overexpression increased
caspase-9 activity with AB4 treatment, and Bosutinib
attenuated the caspase-9 activity in AB4 treated
HCT116/FU cells (Figure 5B). MTT assays were
performed to detect cell proliferation inhibition effects
of 5-Fu in colorectal cancer cells. Combined treatment
with Bosutinib increased cell survival rate, whereas
decreased cell survival in Src-overexpressing cells than
control cells (Figure 5C). Moreover, Src overexpression
increased 5-FU/AB4 induced cytotoxicity compared to
corresponding control cells, while Bosutinib reduced
the cytotoxicity effects of the combined treatment
(Figure 5D). Increased cell apoptosis was observed in
Src-overexpressed cell than the control cells with
combined AB4/5-FU treatment, and Bosutinib
decreased cell apoptosis (Figure 5E). Flow cytometry
analysis also showed lower percentage of LGR5* cells
in HCT116/FU-Src cells than control cells after AB4
treatment, whereas Bosutinib attenuated the cancer stem
cell elimination effects of ABA4/5-FU co-treatment
(Figure 5F). Together, the above findings implicated
that Src was involved in modulating apoptosis by
AB4/5-FU induced caspase-9 activity. Moreover, Src-
caspase-9 signaling was a promising target for
colorectal cancer stem cell elimination.

DISCUSSION

Our study indicated that AB4 displayed synergistic
activity with 5-FU treatment in colorectal cancer cells.
More importantly, AB4 treatment reversed 5-FU
resistance and eliminated cancer stem cells of colorectal
cancer. Mechanically, we found that AB4 enhanced
colorectal cancer cell apoptosis through Src-dependent
caspase-9 apoptotic pathway. Increased Src activation
induced caspase-9 phosphorylation to sensitize 5-FU
cytotoxicity. Our findings shed light to the mechanism
study of 5-FU chemotherapy resistance, which provided
a novel agent to ameliorate FU-based chemotherapeutic
efficiency in colorectal cancer.

AB4 is one of the major active chemical ingredients in
P. chinensis [11]. Previous studies supported its activity
in  anti-inflammatory and  immune-modulatory
properties [13]. AB4 treatment induces tumor cell
apoptosis, autophagy and angiogenesis inhibition [12,

16]. In this study, we found a significantly synergistic
effect of AB4 in FU-based chemotherapy of colorectal
cancer in vitro and in vivo. Combined treatment of
AB4/5-FU  showed increased cell apoptosis.
Furthermore, AB4 reversed 5-FU resistance of
colorectal cancer cells, which is a promising way to
overcome chemotherapy resistance of colorectal cancer.
Further clinical trials should be performed for standard
medication of AB4 for colorectal cancer patients.

Chemotherapy resistance is an important challenge for
colorectal cancer, especially for the patient with
metastatic colorectal cancer [17]. FU is an
antimetabolite to suppress pyrimidine synthesis by
thymidylate  synthetase  inhibition.  Nucleoside
metabolism obstacle induces cell death in tumor cells
[3]. Endogenous caspase apoptotic pathway plays a
crucial role in DNA damage in chemotherapy [18].
Chemotherapy resistant cells exhibit decreased cell
apoptosis and DNA damage with FU treatment [19], as
well as the signaling blockage of caspase apoptosis
pathway [20]. Previous studies indicated that the anti-
cancer effects of AB4 was correlated with the inhibition
of PISK/Akt/mTOR pathway in hepatocellular
carcinoma [12]. Of note, our study indicated that 5-FU
resistant cells showed decreased caspase-9 activity,
whereas AB4 treatment rescued its activity in a dose-
dependent manner. Moreover, AB4 showed protective
effects against cisplatin-induced nephrotoxicity without
reducing anti-tumor activity [15]. Therefore, combined
treatment with AB4 will be a promising way to enhance
therapeutic efficiency and to reverse chemotherapy
resistance. Further clinical trials are needed for the
synergistic activity of AB4 with conventional
chemotherapy.

As the main initiating caspase member of endogenous
apoptosis, phosphorylated caspase-9 shows enhanced
activity. Increased caspase-9 phosphorylation is
observed in Src kinase co-expressing cells [5]. Src
kinase contributes to the metastatic phenotype of colon
cancer cells [21], which is involved in the
carcinogenesis and cancer progression [22, 23].
However, previous studies also proved Src kinase
directly phosphorylate caspase-7 and 9 [9]. Notably,
Src-dependent caspase-9 apoptotic pathway plays a key
role in chemotherapy response. Mechanically, we
proved that AB4 treatment enhanced Src Kinase activity,
subsequently Src kinase increased caspase-9 activity by
phosphorylation to promote cell apoptosis. However,
further studies are still needed for the genomic influence
of AB4 treatment in colorectal cancer cells, and that not
limitation to cell apoptosis.

Accumulating evidence supported that cancer stem cells
contributed to chemotherapy resistance [24, 25]. The
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Figure 5. Src promotes synergistic effects of AB4 with 5-FU treatment. (A) HCT116/FU cells were transfected with His-Src or
vector plasmids, followed by 25 uM AB4 and 20 uM 5-FU treatment. Bosutinib was used for Src signaling inhibition as indicated.
Phosphorylated Src and cleaved caspase-9 protein were measured with Western blot assays. GAPDH was used as loading control. (B)
Infected HCT116/FU cells were treated as indicated. Caspase-9 activity was evaluated in the indicated time. (C) MTT assays were
performed with the infected HCT116/FU cells with gradient of 5-FU. HCT116/FU-vector cells were also treated with Bosutinib for Src
signaling inhibition. (D) Infected HCT116/FU cells were treated with 25 uM AB4, 20 uM 5-FU and Bosutinib for 5 days. Cell viability was
examined by MTT assays. (E) Infected HCT116/FU cells were treated with AB4,5-FU and Bosutinib. Cell apoptosis was analyzed by flow
cytometry. (F) The percentage of LGR5* of HCT116/FU-Src and control cells were analyzed by flowcytometry, which were also treated
with 25 uM AB4 for 48 h. The results represent at least three independent experiments. Data represent as the means + SEM. *P < 0.01.
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biological trait of continuous self-renewal and
differentiation grants them survival advantage in toxic
internal environment [26]. Enriched cancer stem cells
are observed in chemotherapy resistant cancer bulks
[25, 27]. Cell apoptotic pathway blockage is identified
to be critical for cancer stem cell maintenance [28, 29].
Previous studies indicated several dietary compounds
potentially eliminate cancer stem cells, such as
curcumin and epigallocatechin-gallate [30, 31]. In this
study, we found AB4 eradicated colorectal cancer stem
cells to reverse chemotherapy resistance. Caspase 9 cell
apoptotic pathway played a crucial role in the cancer
stem cell elimination effects. Thus, targeting cell
apoptotic pathways may provide an effective strategy to
eliminate cancer stem cells and thereby overcome tumor
resistance to reduce relapse.

Taken together, Chinese herbology provides a
promising new source for oncotherapy. Among them,
AB4 exhibits a broad applying prospect in colorectal
cancer management. Our study indicated the synergistic
effects of AB4 in 5-FU chemotherapy of colorectal
cancer. More importantly, AB4 sensitizes human
colorectal cancer to fluorouracil-based chemotherapy
through Src-dependent caspase-9 apoptotic pathway.
Our study provided a way to ameliorate FU-based
chemotherapeutic efficiency for colorectal cancer
treatment.

MATERIALS AND METHODS
Cell culture and transfection

HCT116 cells were obtained from ATCC and cultured
in DMEM, containing 10% fetal bovine serum.
ACC1805 was a primary cell line from colorectal
cancer malignant ascites in a patient whom developed
resistance to 5-FU. 5-FU and AB4 were obtained from
Sigma-Aldrich (St Louis, MO). The 5-FU-resistant
HCT116/FU cells were developed from the parental
HCT116 cells which were subjected to persistent
gradient exposure to 5-FU for about 6 months, through
increasing 5-FU concentration from 0.05 pg/ml to 1
ug/ml. Bosutinib (SC1004) was obtained from
Beyotime Biotechnology (Shanghai, China). Full-
length human Src was PCR-amplified with primers

(forward primer:
GCTTGGTACCGAGCTCGGATCCACCATGGGTA
GCAACAAGAGCAAG, Revers primer:

TGCTGGATATCTGCAGAATTCTCAATGGTGAT
GGTGATGATGGAGGTTCTCCCCGGGCTGGT)
from the pDEST40-2XFL-wtSrc plasmid (a gift from
Mark Moasser, Addgene plasmid #140295). His-Tag
was added to C-terminal of human Src and subcloned
into plasmid pcDNA3.1(+) (Invitrogen) between the
site of BamH | and EcoR | according to the Gibson

Assembly Cloning Kit protocol (NEB, E2611L).
Plasmid transfection of His-Src and vector plasmids
was performed with Lipo6000™ Transfection Reagent
(C0526. Beyotime, China) according to the standard
protocols.

Western blot analysis

Western blot was performed as previous report [32].
Primary antibodies against total Src (#2108), Phospho-
Src (Tyr416, #6943), cleaved PARP (#9548), cleaved
caspase 3 (#9661), caspase-9 (#9502) and cleaved
caspase-9 (#9505) were obtained from Cell Signaling
Technology (Boston, MA). Antibodies against bcl2
(ab32124), GAPDH (ab181602) and His (ab18184)
were obtained from Abcam (Cambridge, UK).

Caspase-9 activity analysis

Caspase-9 Activity Assay Kit (Beyotime, Shanghai,
China) was used to measure caspase-9 activity. After
collection of whole-cell lysates in each group, 200 pg of
protein was utilized to assess the caspase-9 activity in
accordance with standard protocols.

MTT assays

MTT Cell Proliferation and Cytotoxicity Assay Kit
(Beyotime) was used to estimate cytotoxicity. Cells
were placed in 96-well plates (2000 cells per well) and
exposed to indicated treatment. Cells were incubated
with MTS for 1 h at 37°C in an incubator containing 5%
CO,, followed by absorbance at a wavelength of 492
nm. The IC50 values were measured through non-linear
regression analysis by GraphPad Prism software
(GraphPad Software Inc., San Diego, CA).

Colony formation assays

Single cells were seeded in six-well plates (1000 cells
per well) and cultured for 14 days. Cells were cultured
with fresh medium and corresponding treatment every
other day. Crystal violet was used to stain the cell
colonies. Colonies formed by more than 50 cells were
counted. The numbers of colony were shown as mean +
SEM. from at least three independent experiments.

Tumor sphere formation assays

Totally 1000 cancer cells were seeded in a 24-well
ultralow attachment plate with serum-free DMEM/F-12
medium (including 20 ng/ml EGF, 20 ng/ml bFGF and
2% B27). Cells were cultured with the indicated
treatment for ten days, then counted manually by
inverted phase contrast microscopy and compared
between groups.
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Immunofluorescence analysis

Tumor sphere cells were cultured on glass coverslips in
6-well plates, and AB4 was added to the culture media
for 48 hours and then fixed in a solution of 4%
paraformaldehyde in PBS for 30 minutes. Then
permeabilized with 0.1% Triton X-100 phosphate-
buffered saline (PBS) for 10 minutes, and blocked in
5% goat serum in PBS for 1 hour. LGRS antibody was
incubated overnight at 4°C. Then washed and incubated
with the secondary antibody for 1.5 hour at 37°C. All
images were collected using a confocal Zeiss LSM780
microscope (Zeiss, Germany).

Annexin  V-fluorescein
apoptosis analysis

isothiocyanate (FITC)

Cell apoptosis were measured with Annexin V-FITC
Apoptosis Detection Kit (Beyotime) according to the
manufacturer’s instructions. Cells were harvested and
washed with PBS. Then incubated with annexin V-FITC
and propidium iodide for 15 min at room temperature.
Prepared cells were analyzed with FACS Calibur flow
cytometer (BD Biosciences, San Jose, CA).

Flow cytometric analysis of LGR5

Prepared cells were collected and incubated with LGR5
primary antibody (ab75732, Abcam) in 4°C for 30
minutes. Then washed and incubated goat anti rabbit
Alexa Fluor 647 antibody (Sparks, MD) at 4°C for
30 min. Cells were washed and measured with FACS
Calibur flow cytometer (BD Biosciences).

Tumor xenograft models

Prepared cells were subcutaneously injected in upper
flank region of athymic nude mouse. Tumor volumes
were measured with caliper and calculated as (length x
width?)/2 which. Therapeutic experiments were started
when the tumors were approximately 100 mm3. Mouse
were treated with intravenous infusion of 5-FU (20
mg/kg) or combined with AB4 (40 mg/kg) every three
days. Tumor volume was measured in the indicated day.
The curves showed the mean volume + SEM of tumor
size at different time points. The animal experiments
were approved by the Institutional Animal Care and Use
Committee of the 901 Hospital of Joint Logistics
Support Force. The animal experiments were compliant
with the animal care guideline of our hospital.

Immunohistochemistry assays
Immunohistochemistry assays were performed as

previous report [32]. Primary antibodies against LGRS5,
bcl-2, and caspase-9 were obtained from Abcam.

Deparaffinized xenograft sections were prepared and
stained with with Ventana Discovery XT automated
staining system (Ventana Medical Systems, Inc.,
Tucson, AZ).

Statistical analysis

All experiments were independently performed at least
3 times. All quantitative data were presented as mean +
SEM and analyzed with Student’s t test. Statistical
significance among all groups (n > 3) was determined
with one-way analysis of variance. The results were
analyzed with GraphPad Prism 5 (GraphPad Instat
Software, La Jolla, CA). P < 0.05 was considered as
statistically significant.

AUTHOR CONTRIBUTIONS

Study design: XH, WL. Performed the experiments:
XH, WL, JT, HZY, JXW, HQL, XWD and SYY. Data
analysis: XH, WL, XLH and GBL. Interpretation of the
results: XH, WL, JT and HZY. Wrote the paper: WL,
XH and JT. All the authors revised and approved the

paper.
CONFLICTS OF INTEREST

The authors declare no conflicts of interest related to
this study.

FUNDING

This study was supported by the Anhui Key Research
and Development Program (1804h08020257).

REFERENCES

1. Siegel R, Desantis C, Jemal A. Colorectal cancer
statistics, 2014. CA Cancer J Clin. 2014, 64:104-17.
https://doi.org/10.3322/caac.21220
PMID:24639052

2. McQuade RM, Stojanovska V, Bornstein JC, Nurgali K.
Colorectal Cancer Chemotherapy: The Evolution of
Treatment and New Approaches. Curr Med Chem.
2017; 24:1537-57.
https://doi.org/10.2174/0929867324666170111152436
PMID:28079003

3. Zhang N, Yin Y, Xu SJ, Chen WS. 5-Fluorouracil:
mechanisms of resistance and reversal strategies.
Molecules. 2008; 13:1551-69.
https://doi.org/10.3390/molecules13081551
PMID:18794772

4. Jiang Y, Li X, Hou J, Huang Y, Wang X, Jia Y, Wang Q,
Xu W, Zhang J, Zhang Y. Synthesis and biological

www.aging-us.com

25374

AGING


https://doi.org/10.3322/caac.21220
https://pubmed.ncbi.nlm.nih.gov/24639052
https://doi.org/10.2174/0929867324666170111152436
https://pubmed.ncbi.nlm.nih.gov/28079003
https://doi.org/10.3390/molecules13081551
https://pubmed.ncbi.nlm.nih.gov/18794772

10.

11.

12.

. Zamaraev AV,

characterization of ubenimex-fluorouracil conjugates
for anti-cancer therapy. Eur J Med Chem. 2018;
143:334-47.
https://doi.org/10.1016/j.eimech.2017.11.074
PMID:29202398

. FuY, Yang G, Xue P, Guo L, Yin Y, Ye Z, Peng S, Qin Y,

Duan Q, Zhu F. Dasatinib reduces 5-Fu-triggered
apoptosis in colon carcinoma by directly modulating
Src-dependent caspase-9 phosphorylation. Cell Death
Discov. 2018; 4:61.
https://doi.org/10.1038/s41420-018-0062-5
PMID:29844931

. Li P, Nijhawan D, Budihardjo I, Srinivasula SM, Ahmad

M, Alnemri ES, Wang X. Cytochrome c and dATP-
dependent formation of Apaf-1/caspase-9 complex
initiates an apoptotic protease cascade. Cell. 1997;
91:479-89.
https://doi.org/10.1016/s0092-8674(00)80434-1
PMID:9390557

. Riedl SJ, Salvesen GS. The apoptosome: signalling

platform of cell death. Nat Rev Mol Cell Biol. 2007;
8:405-13.

https://doi.org/10.1038/nrm2153

PMID:17377525

Kopeina GS, Prokhorova EA,
Zhivotovsky B, Lavrik IN.  Post-translational
Modification of Caspases: The Other Side of Apoptosis
Regulation. Trends Cell Biol. 2017; 27:322-39.
https://doi.org/10.1016/].tcb.2017.01.003
PMID:28188028

. FuY, Yang G, Zhu F, Peng C, Li W, Li H, Kim HG, Bode

AM, Dong Z, Dong Z. Antioxidants decrease the
apoptotic effect of 5-Fu in colon cancer by regulating
Src-dependent caspase-7 phosphorylation. Cell Death
Dis. 2014; 5:983.
https://doi.org/10.1038/cddis.2013.509
PMID:24407236

Hu Y, Zhang B, Wang W, Zhou J, Li B, He K.
Therapeutic effects of saponin components on
porcine reproductive and respiratory syndrome virus-
infected piglets. J Anim Physiol Anim Nutr (Berl).
2020; 104:637-44.
https://doi.org/10.1111/jpn.13302

PMID:31898833

Li YH, Zou M, Han Q, Deng LR, Weinshilooum RM.
Therapeutic potential of triterpenoid saponin
anemoside B4 from Pulsatilla chinensis. Pharmacol
Res. 2020; 160:105079.
https://doi.org/10.1016/j.phrs.2020.105079
PMID:32679180

Xue S, Zhou Y, Zhang J, Xiang Z, Liu Y, Miao T, Liu G,
Liu B, Liu X, Shen L, Zhang Z, Li M, Miao Q. Anemoside

13.

14.

15.

16.

17.

18.

19.

B4 exerts anti-cancer effect by inducing apoptosis
and autophagy through inhibiton of PI3K/Akt/mTOR
pathway in hepatocellular carcinoma. Am J Transl|
Res. 2019; 11:2580-89.

PMID:31105864

Kang N, Shen W, Zhang Y, Su Z, Yang S, Liu Y, Xu Q.
Anti-inflammatory and immune-modulatory
properties of anemoside B4 isolated from Pulsatilla
chinensis in vivo. Phytomedicine. 2019; 64:152934.
https://doi.org/10.1016/j.phymed.2019.152934
PMID:31454651

Wang S, Tang S, Chen X, Li X, Jiang S, Li HP, Jia PH,
Song MJ, Di P, Li W. Pulchinenoside B4 exerts the
protective effects against cisplatin-induced
nephrotoxicity through NF-kB and MAPK mediated
apoptosis signaling pathways in mice. Chem Biol
Interact. 2020; 331:109233.
https://doi.org/10.1016/j.cbi.2020.109233
PMID:32991863

He L, Zhang Y, Kang N, Wang Y, Zhang Z, Zha Z, Yang
S, Xu Q, Liu Y. Anemoside B4 attenuates
nephrotoxicity of cisplatin without reducing anti-
tumor activity of cisplatin. Phytomedicine. 2019;
56:136-46.
https://doi.org/10.1016/j.phymed.2018.10.035
PMID:30668334

Ma H, Zhou M, Duan W, Chen L, Wang L, Liu P.
Anemoside B4 prevents acute ulcerative colitis
through inhibiting of TLR4/NF-kB/MAPK signaling
pathway. Int Immunopharmacol. 2020; 87:106794.
https://doi.org/10.1016/].intimp.2020.106794
PMID:32688280

Panczyk M. Pharmacogenetics research on
chemotherapy resistance in colorectal cancer over
the last 20 years. World J Gastroenterol. 2014;
20:9775-827.
https://doi.org/10.3748/wijg.v20.i29.9775
PMID:25110414

Ribic CM, Sargent DJ, Moore MJ, Thibodeau SN,
French AJ, Goldberg RM, Hamilton SR, Laurent-Puig P,
Gryfe R, Shepherd LE, Tu D, Redston M, Gallinger S.
Tumor microsatellite-instability status as a predictor
of benefit from fluorouracil-based adjuvant
chemotherapy for colon cancer. N Engl J Med. 2003;
349:247-57.

https://doi.org/10.1056/NEJM0a022289
PMID:12867608

Wang Q, Shi YL, Zhou K, Wang LL, Yan ZX, Liu YL, Xu LL,
Zhao SW, Chu HL, Shi TT, Ma QH, Bi J. PIK3CA
mutations confer resistance to first-line chemotherapy
in colorectal cancer. Cell Death Dis. 2018; 9:739.
https://doi.org/10.1038/s41419-018-0776-6
PMID:29970892

www.aging-us.com

AGING


https://doi.org/10.1016/j.ejmech.2017.11.074
https://pubmed.ncbi.nlm.nih.gov/29202398
https://doi.org/10.1038/s41420-018-0062-5
https://pubmed.ncbi.nlm.nih.gov/29844931
https://doi.org/10.1016/s0092-8674(00)80434-1
https://pubmed.ncbi.nlm.nih.gov/9390557
https://doi.org/10.1038/nrm2153
https://pubmed.ncbi.nlm.nih.gov/17377525
https://doi.org/10.1016/j.tcb.2017.01.003
https://pubmed.ncbi.nlm.nih.gov/28188028
https://doi.org/10.1038/cddis.2013.509
https://pubmed.ncbi.nlm.nih.gov/24407236
https://doi.org/10.1111/jpn.13302
https://pubmed.ncbi.nlm.nih.gov/31898833
https://doi.org/10.1016/j.phrs.2020.105079
https://pubmed.ncbi.nlm.nih.gov/32679180
https://pubmed.ncbi.nlm.nih.gov/31105864
https://doi.org/10.1016/j.phymed.2019.152934
https://pubmed.ncbi.nlm.nih.gov/31454651
https://doi.org/10.1016/j.cbi.2020.109233
https://pubmed.ncbi.nlm.nih.gov/32991863
https://doi.org/10.1016/j.phymed.2018.10.035
https://pubmed.ncbi.nlm.nih.gov/30668334
https://doi.org/10.1016/j.intimp.2020.106794
https://pubmed.ncbi.nlm.nih.gov/32688280
https://doi.org/10.3748/wjg.v20.i29.9775
https://pubmed.ncbi.nlm.nih.gov/25110414
https://doi.org/10.1056/NEJMoa022289
https://pubmed.ncbi.nlm.nih.gov/12867608
https://doi.org/10.1038/s41419-018-0776-6
https://pubmed.ncbi.nlm.nih.gov/29970892

20.

21.

22.

23.

24,

25.

26.

Cotte AK, Aires V, Fredon M, Limagne E, Derangere V,
Thibaudin M, Humblin E, Scagliarini A, de Barros JP,
Hillon P, Ghiringhelli F, Delmas D.
Lysophosphatidylcholine acyltransferase 2-mediated
lipid droplet production supports colorectal cancer
chemoresistance. Nat Commun. 2018; 9:322.
https://doi.org/10.1038/s41467-017-02732-5
PMID:29358673

Summy JM, Gallick GE. Src family kinases in tumor
progression and metastasis. Cancer Metastasis Rev.
2003; 22:337-58.
https://doi.org/10.1023/a:1023772912750
PMID:12884910

Ishizawar R, Parsons SJ. c-Src and cooperating partners
in human cancer. Cancer Cell. 2004; 6:209-14.
https://doi.org/10.1016/j.ccr.2004.09.001
PMID:15380511

Kim LC, Song L, Haura EB. Src kinases as therapeutic
targets for cancer. Nat Rev Clin Oncol. 2009; 6:587-95.
https://doi.org/10.1038/nrclinonc.2009.129
PMID:19787002

Nassar D, Blanpain C. Cancer Stem Cells: Basic
Concepts and Therapeutic Implications. Annu Rev
Pathol. 2016; 11:47-76.
https://doi.org/10.1146/annurev-pathol-012615-
044438

PMID:27193450

Vidal SJ, Rodriguez-Bravo V, Galsky M, Cordon-Cardo
C, Domingo-Domenech J. Targeting cancer stem cells
to suppress acquired chemotherapy resistance.
Oncogene. 2014; 33:4451-63.
https://doi.org/10.1038/0nc.2013.411
PMID:24096485

Hammoud SS, Cairns BR, Jones DA. Epigenetic
regulation of colon cancer and intestinal stem cells.
Curr Opin Cell Biol. 2013; 25:177-83.
https://doi.org/10.1016/j.ceb.2013.01.007
PMID:23402869

27.

28.

29.

30.

31.

32.

Fabrizi E, di Martino S, Pelacchi F, Ricci-Vitiani L.
Therapeutic implications of colon cancer stem cells.
World J Gastroenterol. 2010; 16:3871-77.
https://doi.org/10.3748/wijg.v16.i131.3871
PMID:20712047

Kroon J, Kooijman S, Cho NJ, Storm G, van der Pluijm
G. Improving Taxane-Based Chemotherapy in
Castration-Resistant Prostate  Cancer. Trends
Pharmacol Sci. 2016; 37:451-62.
https://doi.org/10.1016/].tips.2016.03.003
PMID:27068431

Giménez-Bonafé P, Tortosa A, Pérez-Tomads R.
Overcoming drug resistance by enhancing apoptosis
of tumor cells. Curr Cancer Drug Targets. 2009;
9:320-40.
https://doi.org/10.2174/156800909788166600
PMID:19442052

Pahlke G, Ngiewih Y, Kern M, Jakobs S, Marko D,
Eisenbrand G. Impact of quercetin and EGCG on key
elements of the Wnt pathway in human colon
carcinoma cells. J Agric Food Chem. 2006; 54:7075-82.
https://doi.org/10.1021/if0612530

PMID:16968065

Wang L, Zhu Z, Han L, Zhao L, Weng J, Yang H, Wu S,
Chen K, Wu L, Chen T. A curcumin derivative, WZ35,
suppresses hepatocellular cancer cell growth via
downregulating YAP-mediated autophagy. Food
Funct. 2019; 10:3748-57.
https://doi.org/10.1039/c8f002448k

PMID:31172987

He X, Cui LH, Wang XH, Yan ZH, Li C, Gong SD, Zheng
Y, Luo Z, Wang Y. Modulation of inflammation by toll-
like receptor 4/nuclear factor-kappa B in diarrhea-
predominant irritable bowel syndrome. Oncotarget.
2017; 8:113957-65.
https://doi.org/10.18632/oncotarget.23045
PMID:29371960

www.aging-us.com

25376

AGING


https://doi.org/10.1038/s41467-017-02732-5
https://pubmed.ncbi.nlm.nih.gov/29358673
https://doi.org/10.1023/a:1023772912750
https://pubmed.ncbi.nlm.nih.gov/12884910
https://doi.org/10.1016/j.ccr.2004.09.001
https://pubmed.ncbi.nlm.nih.gov/15380511
https://doi.org/10.1038/nrclinonc.2009.129
https://pubmed.ncbi.nlm.nih.gov/19787002
https://doi.org/10.1146/annurev-pathol-012615-044438
https://doi.org/10.1146/annurev-pathol-012615-044438
https://pubmed.ncbi.nlm.nih.gov/27193450
https://doi.org/10.1038/onc.2013.411
https://pubmed.ncbi.nlm.nih.gov/24096485
https://doi.org/10.1016/j.ceb.2013.01.007
https://pubmed.ncbi.nlm.nih.gov/23402869
https://doi.org/10.3748/wjg.v16.i31.3871
https://pubmed.ncbi.nlm.nih.gov/20712047
https://doi.org/10.1016/j.tips.2016.03.003
https://pubmed.ncbi.nlm.nih.gov/27068431
https://doi.org/10.2174/156800909788166600
https://pubmed.ncbi.nlm.nih.gov/19442052
https://doi.org/10.1021/jf0612530
https://pubmed.ncbi.nlm.nih.gov/16968065
https://doi.org/10.1039/c8fo02448k
https://pubmed.ncbi.nlm.nih.gov/31172987
https://doi.org/10.18632/oncotarget.23045
https://pubmed.ncbi.nlm.nih.gov/29371960

