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Abstract. Aloperine (ALO) is a quinolizidine alkaloid 
extracted from the leaves of Sophora alopecuroides (S. alope-
curoides) and possesses anti-inflammatory, anti-allergenic, 
antitumor, and antiviral effects. In this study, when compared 
with seven other types of alkaloids extracted from S. alope-
curoides, ALO treatment produced the most potent effects 
against HCT116 colon cancer cell types. ALO inhibited 
proliferation and induced apoptosis in HCT116 cells in a dose- 
and time-dependent manner as detected by MTT, clonogenic 
survival, and flow cytometric assays. Results of the western blot 
analysis and qPCR revealed that ALO increased the protein 
and mRNA of Bax and decreased Bcl-2 via the mitochondrial 
death pathway. In addition, ALO induced cell cycle arrest at 
the G2/M phase with a concomitant increase in p21 and p53 
and a decrease in cyclin D1 and B1. ALO also inhibited phos-
phatidylinositol 3-kinase/Akt and JAK/Stat3. Generally, ALO 
exerted a significant anti-proliferative effect via apoptotic 
and cell cycle arrest induction in HCT116 cells. These results 
suggested that ALO should be investigated further as an agent 
of chemotherapeutic activity in human colon cancer.

Introduction

Colon cancer is the third most common cancer. A recent decline 
in the incidence of colon cancer has been largely attributed to an 
increase in screening for the disease, allowing for the detection 
and removal of precancerous polyps. However, the mortality 
rate associated with colon cancer remains high (1). Establishing 
treatment strategies that reduce unfavorable effects and increase 
the overall prognosis of colon cancer is challenging. An inverse 

correlation between a high intake of fruits, vegetables, and 
phytochemicals and a reduced risk of colon cancer has been 
reported (2). The chemopreventive agents and their constituent 
phytochemicals derived from plants have been known to inter-
fere with various molecular pathways involved in colon cancer 
initiation and progression (3). Therefore, there is considerable 
interest in developing preventive and therapeutic agents for 
cancer from natural products (4).

Sophora alopecuroides (S. alopecuroides) is a traditional 
Chinese herb that has been used clinically for acute bacillary 
dysentery and enteritis. Its main bioactive components are 
quinolizidine alkaloids, including >20 types of alkaloids (5). 
Most of the components, such as matrine, oxymatrine and 
sophoridine, possess antitumor activities (6-11).

Aloperine (ALO) (Fig. 1) is a quinolizidine alkaloid that is 
extracted from S. alopecuroides (12). ALO exerts anti-inflam-
matory, anti-allergenic, antitumor and antiviral effects (12-15). 
Of six alkaloids derived from S. alopecuroides, ALO was 
found to exert the most potent cytotoxic activity against several 
human cancer cells of differing tissue origins (13). However, 
little is known with regard to the effect of ALO against colon 
cancer and the mechanisms associated with its activity.

The aim of the present study was to assess the anti-
tumor efficacy of ALO and other alkaloids isolated from 
S. alopecuroides, including matrine, oxymatrine, sopho-
ridine, sophocarpine, oxysophocarpine, lehmannine and 
cytisine (Fig. 1) against HCT116 colon cancer cells and to 
investigate the mechanism of ALO resistance of colon cancer 
cells to provide some basis for the development of ALO as 
a new drug against colon cancer. The data showed that the 
series of alkaloids isolated from S. alopecuroides inhibited the 
growth of HCT116 cells and that ALO possesses the stron-
gest cytotoxic activity against these cells compared with the 
other alkaloids. In HCT116 human colon cancer cells, ALO 
also produced long-term clonogenic effects. To identify the 
molecular mechanisms underlying these responses to ALO, 
we investigated the effects of ALO on cell cycle progression 
and apoptosis.

Materials and methods

Materials. Matrine, oxymatrine, sophoridine and oxysopho-
carpine were purchased from the National Institutes for Food 
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and Drug Control (Beijing, China). ALO, sophocarpine, 
lehman nine and cytisine were generously provided by the 
Ningxia Bauhinia Pharmaceutical Co., Ltd. (Ningxia, China). 
All of the compounds were dissolved in phosphate-buffered 
saline (PBS; Boster, Wuhan, China) at a concentration of 
20 mM and stored at 4˚C.

Cell culture. HCT116 human colon cancer cells were purchased 
from the American Type Culture Collection (Manassas, 
VA, USA). The cells were cultured in RPMI-1640 medium 
(HyClone, Thermo Fisher Biotechnology, Beijing, China) 
supplemented with 10% fetal bovine serum (FBS; Tianhang, 
Hangzhou, China), 100 U/ml penicillin and 10 mg/ml strep-
tomycin (Gibco, Life Technologies Biotechnology, Shanghai, 
China) and grown in a 37˚C incubator with 5% CO2. The 
medium was replaced at 2-3 day intervals. Subconfluent cells 
were routinely harvested with 0.05% trypsin/0.02% EDTA 
(Gibco, Life Technologies Biotechnology).

MTT assay. HCT116 cells were seeded at 1x104 cells/well 
in 180 µl of complete culture medium in 96-well plates and 
cultured for 24 h. The medium was then replaced with fresh 
RPMI-1640 or with fresh RPMI-1640 containing various 
concentrations of ALO (0, 0.3125, 0.625, 1.25, 2.5 and 5 mM) 
and the other alkaloids (0, 1.25, 2.5, 5, 7.5 and 10 mM). 
Each alkaloid concentration was repeated in 5 wells. After 
incubating for 24, 48 or 72 h, MTT (5 mg/ml, 20 µl) was 
added to each well and incubated for 4 h. The medium was 
aspirated from the wells and 150 µl of dimethyl sulfoxide 
(DMSO; Fuyu Chemical, Tianjin, China) was added into 
each well and agitated for 10 min. The optical density (OD) 
at 570 nm was recorded using a microplate reader (Thermo 
Scientific, Multiskan GO, Waltham, MA, USA). The inhibi-
tion rate was calculated using the formula: inhibition rate 
(%) = (1 - Atreated/Acontrol) x100%.

Observation of morphologic changes. HCT116 cells were 
seeded into 6-well plates and treated with various concentra-
tions (0, 0.25, 0.5 and 1 mM) of ALO for 24 h. Cell morphology 
was observed using a fluorescence microscope (Eclipse T1; 
Nikon, Tokyo, Japan).

Clonogenic survival assay. HCT116 cells were counted and 
seeded into 6-well tissue culture plates (3x102 cells/well) in 
RPMI-1640 supplemented with 10% FBS. After the cells 
adhered, they were treated with different doses (0, 0.1, 0.2 and 
0.3 mM) of ALO for 7 days. The cells were then fixed with 
4% paraformaldehyde (PFA) and stained with 0.1% crystal 
violet (Beyotime Institute of Biotechnology, Jiangsu, 
China) (16). Representative images were captured using a 
digital camera (Olympus, Tokyo, Japan).

Flow cytometric (FACS) analysis. HCT116 cells were seeded 
into 6-well plates at a density of 1x106 cells/well and were 
treated with a series of ALO concentrations (0, 0.25 and 
0.5 mM) for 24 h. The cells were collected, washed with PBS 
and fixed in 70% ethanol, and then stored at 4˚C overnight. The 
cells were washed with PBS again and stained with 5 µg/ml 
RNase and 20 µg/ml of propidium iodide (PI) (Beyotime 
Institute of Biotechnology) in the dark at 37˚C for 30 min and 
analyzed using a flow cytometer (FACScan; BD Biosciences, 
Franklin Lakes, NJ, USA). The cellular DNA contents were 
identified for detection of the cell cycle distribution. At least 
10,000 events were counted for each sample.

Apoptosis was measured using the Annexin V-FITC/
PI Apoptosis Detection kit (Invitrogen, Carlsbad, CA, USA) 
according to the manufacturer's instructions. HCT116 cells 
(1x106 cells/well) were treated with a series of ALO concen-
trations (0, 0.25, 0.5 and 1 mM) for 24 h. The cells were then 
collected by centrifugation and washed with PBS. The cells 
were centrifuged and resuspended in 100 µl of binding buffer 
to which 5 µl of Annexin V and 1 µl of PI were added. The 
mixture was incubated at room temperature in the dark for 
15 min. The cells were analyzed using a flow cytometer. For 
each measurement, at least 10,000 cells were counted.

Western blot analysis. The cells were incubated with a series 
of ALO concentrations (0, 0.25, 0.5 and 1 mM) for 24 h and 
harvested. The cells were lysed in RIPA lysis buffer (Beyotime 
Institute of Biotechnology) on ice for 30 min. The proteins 
contained in the lysates were quantified using the BCA 
Protein assay kit (Beyotime Institute of Biotechnology). Total 
protein (30 µg) was subjected to 10% SDS polyacrylamide 

Figure 1. Chemical structure of the elements.
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gel electrophoresis (Beyotime Institute of Biotechnology) 
and transferred onto PVDF membranes. The membranes 
were blocked with 5% non-fat milk at room temperature 
for 2 h with rocking and then incubated with specific 
primary antibodies against p53, Bax, Bcl-2, cyclin D1, p21, 
cyclin B1, JAK1, Stat3, p101 (PI3KC3), Akt and β-actin (Cell 
Signaling Technology, Beverly, MA, USA) overnight at 4˚C. 
After washing the membranes with TBS (PBS with 0.05% 
Tween-20) three times for 15 min each, the membranes were 
incubated with secondary antibodies at room temperature 
for 2 h. After washing three times in TBS for 15 min, the 
specific protein bands were detected using the Kodak Image 
Station (Eastman Kodak, Rochester, NY, USA). The data 
were normalized to β-actin for analyses and plotting.

Quantitative RT-PCR (qRT-PCR) assays. Total RNA 
was isolated from the cells using a TRIzol RNA isolation 
kit (Invitrogen). The cDNAs were synthesized using the 
PrimeScript™ II first-strand cDNA synthesis kit (Takara, 
Dalian, China) according to the manufacturer's instruc-
tions. The qRT-PCR reactions were performed in triplicate 
on an ABI PRISM 7300 (Applied Biosystems, Foster City, 
CA, USA) using the C1000 thermal cycler PCR (Bio-Rad, 
Hercules, CA, USA). Primer sequences used in this study are 
provided in Table I. The PCR conditions included an initial 
denaturation step at 93˚C for 2 min, followed by 40 cycles of 
a denaturation step at 93˚C for 15 sec and an annealing/exten-
sion step at 55˚C for 25 sec and 72˚C for 25 sec. The relative 
expression values of the different genes were calculated using 
the 2-∆∆Ct method.

Statistical analysis. Data are presented as the mean ± SD of at 
least three independent experiments. The Student's t-test and 
ANOVA were used to identify statistically significant differ-
ences with SPSS 13.0 software. Differences were considered 
significant when P<0.05. The IC50 values were calculated with 
SPSS 13.0 software using Probit analysis.

Results

ALO inhibits the proliferation and clonogenic survival of 
HCT116 colon cancer cells. To assess the activity of ALO 
as a therapeutic agent against colon cancer, we examined 
the effects of ALO and other alkaloids on the proliferation 
of HCT116 colon cancer cells. Exponentially increasing 
HCT116 cells were treated with various concentrations of 
ALO and other alkaloids for 24, 48 and 72 h. These drugs 
notably decreased the viability of HCT116 cells as detected 
by the MTT assay (Fig. 2A). Compared with the other alka-
loids, ALO exhibited the most potent cytotoxic properties. 
Oxymatrine and oxysophocarpine produced the lowest cyto-
toxic properties of all the alkaloids tested, while sophoridine, 
sophocarpine, lehmannine, cytosine and matrine exhibited 
similar functions. ALO decreased the percentage of adherent 
HCT116 cells in a concentration- and time-dependent manner 
(Fig. 2B). Additionally, the ALO treatment induced obvious 
morphological changes. Compared with the control group, 
the treated cells were more round and exhibited more floating 
dead cells (Fig. 2C). To investigate the anticancer effect 
of ALO in HCT116 human colon cancer cells, the colony 

formation assay was used. After long-term ALO treatment, 
clonogenicity was markedly reduced in the ALO-treated cells 
compared with the control group (Fig. 2D). The clonogenic 
number of HCT116 cells decreased after the treatment with 
different ALO concentrations, which is consistent with the 
results of the morphological changes and MTT assay. Thus, 
the results indicated that ALO induces anti-proliferative 
activity in HCT116 colon cancer cells.

ALO inhibits cell cycle progression in HCT116 cells. Cell 
cycle arrest and apoptosis induction are two major causes of 
cell proliferative inhibition. To establish whether ALO influ-
ences cell cycle progression, we determined the distribution of 
ALO-treated HCT116 cells in various cell cycle stages using 
flow cytometry. ALO treatment (24 h) effectively mediated G2 
cell cycle arrest in HCT116 cells (Fig. 3A). As expected, the 
number of G2 and S phase cells was increased after 24 h ALO 
treatment (Fig. 3B). The cell cycle analysis of the HCT116 
cells treated with different concentrations of ALO revealed a 
higher number of cells in the G2/M and S phases, whereas the 
number of cells in G0/G1 phase decreased compared with the 
untreated cells. This result indicated that inhibition of the cell 
cycle progression is an upstream event leading to apoptosis. 
To resolve ALO-mediated G2 cell cycle arrest, the effects of 

Table I. Primer sequences.

  Amplied
  fragment
Genes Primer sequences length (bp)

Bax F: 5'-GCTGGACATTGGACTTCCTC-3' 129
 R: 5'-CTCAGCCCATCTTCTTCCAG-3'

Bcl-2 F: 5'-ATGTGTGTGGAGAGCGTCAA-3' 136
 R: 5'-ACAGTTCCACAAAGGCATCC-3'

Tp53 F: 5'-CCAGCCAAAGAAGAAACCAC-3' 92
 R: 5'-CCTCATTCAGCTCTCGGAAC-3'

JAK1 F: 5'-TGCCATGATGAAGAAGATGC-3' 186
 R: 5'-GACACGCTGCTGTCACAAAT-3'

Stat3 F: 5'-AGTATAGCCGCTTCCTGCAA-3' 106
 R: 5'-GCAATCTCCATTGGCTTCTC-3'

AKT1 F: 5'-AGAAGCAGGAGGAGGAGGAG-3' 139
 R: 5'-CCCAGCAGCTTCAGGTACTC-3'

PI3K F: 5'-AAGCAGTGCCTGTAGGAGGA-3' 199
 R: 5'-TGTCGATGAGCTTTGGTGAG-3'

Cyclin B1 F: 5'-TTGATACTGCCTCTCCAAGCC-3' 122
 R: 5'-AGCTCCATCTTCTGCATCCAC-3'

H-P21 F: 5'-TTGTACCCTTGTGCCTCGCT-3' 101
 R: 5'-AATCTGTCATGCTGGTCTGCC-3'

Cyclin D1 F: 5'-ACCTGAGGAGCCCCAACAAC-3' 112
 R: 5'-GCTTCGATCTGCTCCTGGC-3'

H-β-actin F: 5'-GCATGGGTCAGAAGGATTCCT-3' 106
 R: 5'-TCGTCCCAGTTGGTGACGAT-3'

F, forward primer; R, reverse primer; PI3K, phosphatidylinositol 3-kinase.
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ALO on the expression of cell cycle regulatory proteins (p53, 
p21, cyclin B1 and cyclin D1) were examined by western blot 
analysis (Fig. 3C). Results of the western blot analysis indi-
cated that the levels of p53 and p21 increased after exposure 
to ALO for 24 h. By contrast, the levels of cyclin D1 and B1 
were significantly reduced at 24 h. The PCR analysis results 
concurred with those of the western blot analysis (Fig. 3D). 
These results suggested that ALO deregulates cell cycle 
progression and induces apoptosis.

ALO induces apoptosis in HCT116 cancer cells. Apoptotic 
assays were performed to determine whether ALO induced 
apoptosis in HCT116 cells. The cells were stained with 
Annexin V and PI and analyzed by flow cytometry. The early 
apoptotic death rate in HCT116 cells treated with increasing 
concentrations of ALO was not significantly different from 
the control group (Fig. 4A). A few late apoptotic cells were 
observed in the control group. However, in the ALO-treated 
group, large amounts of apoptotic cells were found. The rate 
of late apoptotic cells in the control group was <5.0%, while 
the treatment with various concentrations of ALO for 24 h 
significantly increased the incidence of late apoptotic cells, 
and the rate of late apoptosis reached 4.99±1.37, 14.93±2.20 
and 17.40±2.93% (P<0.01) with ALO concentrations of 0.25, 
0.5 and 1 mM, respectively (Fig. 4B). The rate of late apop-
tosis was increased in a concentration-dependent manner.

ALO induces cell death by activating the mitochondrial apop-
totic pathway. The Bcl-2 family of proteins plays a crucial 
role in regulating the mitochondria-dependent pathway of 
apoptosis. Therefore, we examined whether Bcl-2 and Bax 
regulation was involved in ALO-induced apoptosis using 
RT-PCR and western blotting to detect their expression. Bcl-2 
was downregulated, and Bax expression was upregulated 
following ALO treatment (Fig. 4C and D). Therefore, the 
results indicated that ALO induced apoptosis, which was 
accompanied by the dose-dependent upregulation of Bax and 
downregulation of Bcl-2 (P<0.05).

Effects of ALO on JAK/Stat3 and phosphatidylino-
sitol 3-kinase (PI3K)/Akt signaling. PI3K/Akt and JAK/Stat3 
signaling pathways regulate cell proliferation, survival, and 
apoptosis (17-19). Therefore, the effects of ALO on the modifi-
cation of apoptosis-related proteins and mRNA were examined. 
The HCT116 cells treated with ALO for 24 h demonstrated a 
dose-dependent decrease in mRNA and protein in Stat3 and 
PI3KC3. By contrast, modest dose-dependent decreases were 
detected in JAK1 and Akt (Fig. 5).

Discussion

The identification of effective anticancer drugs from 
plant-derived natural products plays an important role in 

Figure 2. Anti-proliferative effects of aloperine (ALO) on HCT116 colon 
cancer cells. (A) Growth inhibitory activities of eight types of alkaloids in 
HCT116 cells following the comparison of IC50 values. Data are shown as 
means ± standard deviation (SD) of three independent experiments. (B) Cell 
anti-proliferation assay. HCT116 cells were treated with different doses of 
ALO for 24, 48 and 72 h and the cell viability was tested by MTT assay. 
(C) The morphological changes of HCT116 cells following ALO treatment. 
Original magnification, x200. (D) Dose-dependent clonogenic survival 
assay. Representative images of colony formation assay were captured.
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cancer chemotherapy. Alkaloids constitute a rich resource 
of compounds for identifying drugs. Most of the alkaloids 
identified in S. alopecuroides are quinolizidine alkaloids. 
Previous studies have confirmed that some quinolizidine alka-
loids, including matrine, oxymatrine and sophoridine, exert 
a marked anticancer effect and are believed to be beneficial 
for cancer chemoprevention (6-11). ALO demonstrated a more 
effective inhibition of several cancer cell lines than matrine, 
oxymatrine and sophoridine (13). However, there are no 

reports that address the effect of ALO on colon cancer cells 
or whether ALO is more effective than other quinolizidine 
alkaloids. The mechanisms underlying the antitumor activity 
of ALO have not been studied in detail. In this study, we 
investigated the antitumor activities of the alkaloids in vitro. 
Compared to seven other alkaloids, ALO produced the most 
potent time- and dose-dependent inhibition of proliferation 
of HCT116 colon cancer cells. ALO effectively inhibited the 
long-term clonogenic survival of HCT116 cells by inhibiting 

Figure 3. Effect of aloperine (ALO) on cell cycle progression. (A) FACS analysis. Results shown are representative of three independent experiments. 
(B) Analysis of the cell cycle with different concentrations of aloperine (ALO) in HCT116 cells. The result shows that the number of G2 and S phase cells was 
increased, whereas the number of cells in G0/G1 phase decreased compared to the untreated cells. Data are shown as the mean ± standard deviation (SD) of 
three independent experiments. *P<0.05, **P<0.01 and ***P<0.001. (C) Expression of cell cycle-related proteins. The results shown are representative of three 
independent experiments. (D) Relative expression of selected cell cycle arrest-related genes examined by qPCR array. Representative up- and downregulated 
genes are shown. Data are expressed as mean ± SD, relative gene expression was normalized using β-actin as a control (*P<0.05, **P<0.01 and ***P<0.001).

  A

  B   C

  D
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Figure 4. Aloperine (ALO) induces apoptosis in HCT116 cells. (A) FACS analysis. Results shown are representative of three independent experiments. 
(B) Representative histograms for apoptotic rate in HCT116 cells (***P<0.001). (C) Expression of Bcl-2 and Bax proteins. The results shown are representative 
of three independent experiments. (D) Relative expression of Bcl-2 and Bax genes examined by qPCR array. Representative up- and downregulated genes 
are shown. Data are expressed as the mean ± standard deviation (SD), and the relative gene expression was normalized using β-actin as a control. (*P<0.05, 
**P<0.01 and ***P<0.001).

Figure 5. Effects of Aloperine (ALO) on the JAK/Stat3 and PI3K/Akt signaling. (A) The protein levels of JAK1/Stat3 and PI3K/Akt were determined using 
total protein antibodies by western blotting. (B) Relative expression of JAK1/Stat3 and PI3K/Akt genes examined by qPCR array. Representative up- and 
downregulated genes are shown. Data are shown as the mean ± standard deviation (SD), and the relative gene expression was normalized using β-actin as a 
control (*P<0.05, **P<0.01 and ***P<0.001).

  A

  B   C

  D

  A   B
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cell cycle progression and inducing apoptosis. Cell cycle arrest 
at the G2/M phase correlated with reduced levels of cyclin B1 
and D1 protein and increased levels of p53 and p21, while the 
apoptotic effects of ALO were associated with the upregula-
tion of Bax and a decrease in Bcl-2 protein levels. Moreover, 
ALO-induced apoptosis may be involved in the inhibition of 
JAK/Stat3 and PI3K/Akt signaling.

Apoptosis and cell cycle arrest are two important events 
involved in anticancer drug treatment. Apoptosis is the result 
of a highly complex series of events involving cell chromatin 
condensation, DNA fragmentation, and cell shrinkage (20). 
Based on this study, apoptosis may be involved in the inhibition 
of cell proliferation by ALO. ALO inhibited cell proliferation, 
leading to morphological changes, enhanced loss of plasma 
membrane polarity, and long-term clonogenic inhibition.

Cells undergo apoptosis through the extrinsic pathway 
(death receptor pathway) or intrinsic pathway (the mito-
chondrial pathway) (21). Mitochondria play a crucial role in 
apoptotic regulation and the mitochondrial dysfunction that 
occurs during apoptosis (22,23). The Bcl-2 family of proteins 
promotes cell death by modulating the mitochondrial release 
of proapoptotic factors and acts as a critical life-death deci-
sion point within the common pathway of apoptosis (24,25). 
In this study, we observed the downregulation of proapop-
totic Bax and upregulation of antiapoptotic Bcl-2 proteins in 
ALO-treated HCT116 cells (Fig. 4C and D).

Cell growth is defined by several genetically defined 
checkpoints to ensure its coordinated progression through 
the different stages of the cell cycle and to monitor DNA 
integrity (26). Cell-cycle arrest in response to stress is inte-
gral to the maintenance of genomic integrity. The control 
mechanisms that restrain cell-cycle transition or induce 
apoptotic signaling pathways after cell stress are known as 
cell-cycle checkpoints (27). The analysis of the cell cycle with 
different concentrations of ALO in HCT116 cells revealed 
a higher number of cells in the G2/M and S phase, whereas 
the number of cells in the G0/G1 phase decreased compared 
with the untreated cells (Fig. 3B). These results indicate that 
ALO inhibits cell proliferation via G2/M phase arrest in a 
dose-dependent manner. The G2 checkpoint is regulated by 
the activation of multiple pathways that act together to inhibit 
the activity of the cyclin B1/cdc2 kinase complex. p53 plays 
an important role in the regulation of the G2 checkpoint (27). 
D-type cyclins play an important role in tumor development 
and are overexpressed in various types of cancer, including 
breast, colon, and thyroid cancer, as well as melanoma (28). 
p53 and p21 appear to be essential for maintaining the 
G2 checkpoint in human cells (29). The accumulation of 
G2/M phase cells resulting from ALO treatment led us to 
determine the expression level of cell cycle regulators. ALO 
induced cell cycle retardation in the G2/M phase by increasing 
the expression of p21 and p53 and by suppressing cyclin B1 
and D1 (Fig. 3C). Therefore, our results suggest that apoptosis 
induction and G2 phase cell cycle arrest both contributed to 
the anticancer activity of ALO.

Stat proteins are involved in the regulation of fundamental 
cell processes, such as cell growth, differentiation, and 
survival (30). Stat3 is often activated in many types of human 
cancer, including colon cancer. The inhibition of cancer cell 
growth by blocking the signaling to Stat3 demonstrated that 

Stat3 is crucial to the survival and growth of tumor cells 
and is an attractive therapeutic target for cancer (31-33). 
Unphosphorylated Stat3 activates the transcription of Stat3 
target genes and plays an important role in oncogenesis (34). 
The inhibition of the JAK/Stat3 signaling pathway may be an 
important mechanism for apoptosis (18). As anticipated, in the 
present study, ALO downregulated Stat3 protein and mRNA 
levels in HCT116 cells (Fig. 5).

The PI3K/Akt signaling pathway is an important regu-
lator of proliferation, differentiation, and metastasis and 
plays a significant role in apoptosis (35,36). Additionally, 
the PI3K/Akt signaling pathway is a potential therapeutic 
target of cancer (37). To elucidate the mechanism involved 
in ALO-induced cell death, the effects of ALO on PI3K/Akt 
were examined. PI3KC3 protein was largely affected.

Our experiments mainly aimed at studying the anticancer 
effect of ALO and the mechanisms of apoptosis and the cell 
cycle. Other pathways involved in the anticancer proper ties of 
the alkaloid compounds, including those that mediate DNA 
damage, and the relationship between the PI3K/Akt and 
JAK-Stat3 signaling pathways, remain to be investigated.

In conclusion, compared with the other tested alkaloids, 
ALO had the most potent effects against HCT116 colon cancer 
cells. The pure ALO compound exerts an anti-proliferative 
effect by inducing G2/M cell cycle arrest and apoptosis as well 
as activating the mitochondrial death pathway in HCT116 cells. 
In addition, ALO-induced apoptosis may be involved in the 
inhibition of the JAK/Stat3 and PI3K/Akt signaling pathways. 
These findings suggest that ALO should be studied further as 
an agent of chemotherapeutic activity in human colon cancer.
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