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Abstract. Colorectal cancer (CRC) is a life‑threatening malig‑
nant tumor of the digestive tract. Diverse gene mutations and 
complicated alterations to the signaling pathways in CRC lead 
to heterogeneity in response to chemotherapy. Moreover, anti‑
cancer drugs for CRC chemotherapy are limited due to adverse 
events. Therefore, developing more effective, tolerable and safe 
drugs for the treatment of CRC is important. The present study 
aimed to investigate the effect of lycorine on human CRC cell 
proliferation, migration, invasion, apoptosis, cell cycle distri‑
bution, as well as the underlying molecular mechanism. The 
crystal violet staining and MTT assay results demonstrated 
that lycorine suppressed cell proliferation in a dose‑ and 
time‑dependent manner in the three CRC cell lines, HCT116, 
LoVo and SW480. Similarly, verified by performing wound 
healing and Transwell assays, lycorine significantly inhib‑
ited HCT116 and LoVo cell migration and invasion in vitro 
compared with the control group. In LoVo cells, the protein 
expression levels of matrix metallopeptidases, snail family 
transcriptional repressor 1, Vimentin and N‑cadherin were 
significantly downregulated, whereas the protein expression 
levels of E‑cadherin were significantly upregulated by lycorine 
treatment compared with the control group. The Hoechst 33258 
staining and flow cytometry assay results indicated that lyco‑
rine mediated its cytostatic effect on CRC cells potentially via 

inducing cell cycle arrest, but not apoptosis. Compared with the 
control group, lycorine significantly induced HCT116 cell cycle 
arrest at the G2/M phase, but significantly induced LoVo cell 
cycle arrest at the S and G2/M phases. Furthermore, lycorine 
significantly downregulated the protein expression levels of 
cyclin D1 and cyclin E1, but significantly increased p21 and 
Smad4 protein expression levels in HCT116 and LoVo cells 
compared with the control group. The intracellular reactive 
oxygen species (ROS) measurement results also indicated that 
compared with the control group, lycorine significantly induced 
ROS accumulation, and increased phosphorylated‑p38 expres‑
sion levels and AKT phosphorylation. Collectively, the present 
study suggested that lycorine might induce cell cycle arrest and 
exert cytostatic effects potentially via activating ROS/p38 and 
AKT signaling pathways in CRC cells.

Introduction

Colorectal cancer (CRC) is one of the most common malig‑
nant tumors of the digestive tract worldwide, as the third most 
frequent malignancy in men and the second in women, and 
the fourth leading cause of cancer‑related death (1). The inci‑
dence of CRC is increasing in younger age groups (2). Current 
treatment strategies for CRC include surgery, radiation and 
chemotherapy; however, the 5‑year survival rate of patients with 
metastatic CRC is ~10% (3). Chemotherapy serves an essential 
role in the treatment of CRC, but CRC is heterogeneous in 
response to adjuvant chemotherapy (4). Therefore, developing 
more effective drugs for the treatment of CRC is important.

Lycorine is a natural Amaryllidaceae alkaloid that is 
extracted from medicinal plants of the Amaryllidaceae 
family (5). In addition to its analgesic, antibacterial, antifungal, 
antimalarial and antiviral effects, lycorine also displays 
antitumor effects against various types of cancer, including 
multiple myeloma (6), bladder cancer (7) and breast cancer (8), 
with an IC50 value <10 µmol/l. Moreover, previous studies have 
reported that lycorine may display relatively lower toxicity 
against healthy cells (7‑9). For example, the IC50 of lycorine 
in human normal fibroblasts (Wi38, WS1, NHDF cell lines) 
was >100 µmol/l (9). The aforementioned studies suggest that 
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lycorine may serve as a potentially effective and safe drug 
candidate for cancer treatment.

In the present study, the effect of lycorine on human CRC 
cell proliferation, migration, invasion, apoptosis and cell cycle 
distribution was investigated, and the underlying molecular 
mechanism was also explored. The results of the present study 
indicated that due to in vitro cytostatic effects, lycorine might 
serve as a potential therapeutic for CRC, and the underlying 
mechanism might be associated with activation of ROS/p38 
and AKT signaling, although further investigation is required.

Materials and methods

Cell lines and cell culture. Human CRC cell lines (LoVo, 
HCT116 and SW480) were provided by the Key Laboratory 
of Clinical Laboratory Medical Diagnostics (Ministry of 
Education, Chongqing Medical University). Cells were 
cultured in DMEM (HyClone; GE Healthcare Life Sciences) 
supplemented with 10% FBS (Shanghai ExCell Biology, Inc.) 
and 1% penicillin/streptomycin (HyClone; GE Healthcare 
Life Sciences) at 37˚C with 5% CO2. Lycorine (purity ≥98%; 
Chengdu Ruifensi Biotechnology Co., Ltd.) was dissolved in 
DMSO (Sigma‑Aldrich; Merck KGaA) to a final concentration 
of 20 mM and stored at ‑80˚C.

Crystal violet staining. Cells were seeded into 24‑well plates 
and cultured overnight. At 50% confluence, cells were treated 
with different concentrations (0, 1, 2, 4 or 8 µmol/l) of lycorine 
at 37˚C for 24, 48 or 72 h. The control group was untreated 
(0 µmol/l lycorine) and a 0.4% DMSO group (treated at 37˚C 
for 24, 48 or 72 h) was also established. At the indicated time 
point, cells were fixed with 4% paraformaldehyde at 37˚C for 
20 min and stained with crystal violet (Beyotime Institute of 
Biotechnology) at room temperature for 5 min. Stained cells 
were visualized using an Epson Perfection V200 Photo (Epson).

MTT assay. Cells were seeded (3x103 cells/well) into 96‑well 
plates overnight. Subsequently, cells were treated with different 
concentrations (0, 1, 2, 4 or 8 µmol/l) of lycorine at 37˚C for 24, 
48 or 72 h. At the indicated time point, cells were incubated 
with 5 mg/ml MTT solution (Sigma‑Aldrich; Merck KGaA) 
at 37˚C for 4 h. The formazan crystals were dissolved with 
DMSO (150 µl/well). The absorbance was measured at a wave‑
length of 490 nm using a spectrophotometer (Gene Company, 
Ltd.). Cell viability (%) was calculated using the following 
formula: (Dtreatment group/Dcontrol group) x100%, where D represents 
optical density.

Wound healing assay. Cells were seeded into 6‑well plates. 
At 80‑90% confluence, the cell monolayer was scratched with a 
10 µl pipette tip and treated with different concentrations (0, 1, 
2, 4 or 8 µmol/l) of lycorine and cultured in DMEM supple‑
mented with 5% FBS for 0, 12 or 24 h at 37˚C. The wounds 
were observed in three randomly selected fields of view using 
a light microscope (magnification, x100). The wound healing 
rate  (%) was calculated using the following formula: [(0 h 
wound width ‑12 or 24 h wound width)/0 h wound width] x100.

Transwell assay. For cell invasion, the 24‑well upper chamber 
(EMD Millipore) was precoated with Matrigel at 37˚C for 

60 min (BD Biosciences). Subsequently, cells were seeded 
(5x104  cells/well) into the upper chamber with serum‑free 
DMEM containing different concentrations (0, 1, 2, 4 or 
8 µmol/l) of lycorine. The lower chamber was filled with DMEM 
supplemented with 10% FBS. Following incubation at 37˚C for 
24 h, non‑invading cells on the upper surface of the membrane 
were removed. Invading cells were fixed with 4% paraformal‑
dehyde at 37˚C for 20 min and stained with crystal violet at 
room temperature for 5 min. Stained cells were visualized 
using a light microscope (magnification, x100). To assess cell 
migration, the aforementioned protocol was performed, but the 
Transwell chambers were not precoated with Matrigel.

Hoechst 33258 staining. Cells were seeded into 24‑well plates. 
At 50% confluence, cells were treated with different concentra‑
tions (0, 1, 2, 4 or 8 µmol/l) of lycorine at 37˚C for 24 h. Following 
fixation with 4% paraformaldehyde at 37˚C for 20 min, cells 
were stained with Hoechst 33258 solution (Beijing Solarbio 
Science & Technology Co., Ltd.) for 5 min at room temperature. 
Alterations in nuclear morphology were visualized using a fluo‑
rescence microscope (magnification, x200). When apoptosis 
occurs, cell nuclei display enhanced fluorescence intensity due 
to nuclear fragmentation and chromatin condensation.

Flow cytometry. Cells were plated into 60‑mm dishes. 
At 50% confluence, cells were treated with different concentra‑
tions (0, 1, 2, 4 or 8 µmol/l) of lycorine at 37˚C for 24 h. To analyse 
cell apoptosis including early and late apoptosis, cells were 
harvested, washed twice with PBS, stained using the Annexin 
V‑FITC/PI kit (Beijing Solarbio Science & Technology Co., 
Ltd.), according to the manufacturer's protocol, and analyzed 
using a flow cytometer (BD Biosciences). To assess cell cycle 
distribution, cells were re‑suspended in 70% ethanol overnight 
at 4˚C for fixation and permeabilisation and stained with 
PI/RNase Staining Buffer kit (BD Biosciences) according to 
the manufacturer's protocol. Both cell apoptosis and cell cycle 
distribution were detected using a CytoFLEX flow cytometer 
(Beckman Coulter, Inc.) and analysed with FlowJo software 
(version 10.4.0; BD Biosciences).

Intracellular reactive oxygen species (ROS) measurement. Cells 
were seeded in 6‑well plates. At 50% confluence, cells were 
treated with 8 µmol/l lycorine at 37˚C for 4 or 24 h. Subsequently, 
cells were incubated with 2',7'‑dichlorofluorescein‑diacetate 
(DCFH‑DA; 10  µmol/l) reagent (Beyotime  Institute of 
Biotechnology) in serum‑free DMEM for 30 min at  37˚C. 
Following washing three times with PBS, the fluorescence 
intensity was measured at an excitation wavelength of 488 nm 
and an emission wavelength of 525 nm using a fluorescence 
plate reader (BioTek Instruments, Inc.). Moreover, following 
fixation with 4% paraformaldehyde at 37˚C for 15 min, cells 
were stained with DAPI at room temperature for 10  min. 
Intracellular ROS accumulation, which was assessed using 
DCFH‑DA as aforementioned and nuclear DAPI staining, was 
visualized using a confocal microscope (magnification, x200).

Western blotting. Cells were seeded into 10‑cm dishes. 
At 50% confluence, cells were treated with different concentra‑
tions of lycorine (1, 4 or 8 µmol/l) at 37˚C for 24 h. Total protein 
was extracted from cells using RIPA lysate (Beyotime Institute 
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of Biotechnology) supplemented with 1% protease inhibitors 
and phosphatase inhibitors (Roche Applied Science). Protein 
concentrations were determined using a BCA assay (Beyotime 
Institute of Biotechnology). Proteins (35 µg) were separated 
via 10% SDS‑PAGE (Beyotime Institute of Biotechnology) 
and subsequently transferred to PVDF membranes 
(EMD Millipore). Following blocking with 5% BSA (Beijing 
Solarbio Science & Technology Co., Ltd.) at 37˚C for 2 h, the 
membranes were incubated overnight at 4˚C with primary 
antibodies, followed by incubation with the corresponding 
HRP‑conjugated secondary antibodies at 37˚C for 1 h. Protein 
bands were visualized using an ChemiDoc XRS+ enhanced 

chemiluminescence detection system (Bio‑Rad Laboratories, 
Inc.). Protein expression levels were semi‑quantified using 
ImageLab software (version 5.2.1; Bio‑Rad Laboratories, Inc.). 
The primary and secondary antibodies used for western blot‑
ting are listed in Table SI.

Statistical analysis. Data are presented as the mean ± SD 
of three independent experiments. Comparisons among 
groups were analyzed using one‑way ANOVA followed by 
Bonferroni's post hoc test. Statistical analyses were performed 
using SPSS software (version 21.0; IBM Corp.). P<0.05 was 
considered to indicate a statistically significant difference.

Figure 1. Effect of lycorine on CRC cell proliferation in vitro. (A) Chemical structure of lycorine. (B) Effect of lycorine on CRC cell proliferation as determined 
via crystal violet staining. (C) Effect of lycorine on CRC cell viability as determined via the MTT assay. Data are presented as the mean ± SD (n=3). *P<0.05, 
**P<0.01 and ***P<0.001 vs. Control. CRC, colorectal cancer.
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Results

Lycorine inhibits CRC cell proliferation. The chemical struc‑
ture of lycorine is presented in Fig. 1A. Firstly, the effects of 
lycorine on human CRC cell proliferation were investigated. 
The crystal violet staining assay results demonstrated that 
lycorine suppressed cell proliferation in the three CRC cell 
lines in a dose‑ and time‑dependent manner (Fig. 1B and C). 
Following treatment for 72 h, the IC50 values of lycorine in 
HCT116, LoVo and SW480 cells were 1.4, 3.8 and 1.3 µmol/l, 
respectively. The results indicated that HCT116 and LoVo cells 
were less sensitive to lycorine compared with the SW480 cell 
line; therefore, the HCT116 and LoVo cell lines were selected 
for subsequent experiments. The results suggested that lyco‑
rine inhibited CRC cell proliferation in vitro.

Lycorine decreases CRC cell migration and invasion. Wound 
healing assays are affected by cell migration and proliferation, 
and serum starvation is a common method used to minimize 
cell proliferation (10); however, the degree of cell tolerance 
in low‑serum conditions should be taken into consideration. 
Therefore, wound healing and Transwell assays were performed 
to investigate lycorine treatment‑mediated alterations to cell 
migration and invasion, respectively. Compared with the 
control group, lycorine (≥2 µmol/l) significantly reduced the 
wound healing rate of CRC cells (Fig. 2A‑D). Also, lycorine 
(≥4 µmol/l) notably inhibited the wound healing rate of CRC 
cells to a similar extent at both 12 and 24 h (Fig. 2A and C). 
The aforementioned results suggested that lycorine inhibited 
CRC cell migration (Fig.  2A‑D). The inhibitory effect of 
lycorine on CRC cell migration was further assessed by 

Figure 2. Effect of lycorine on CRC cell migration in vitro. Effect of lycorine on HCT116 cell migration was (A) determined by performing wound healing 
assays (magnification, x100) and (B) quantified. Effect of lycorine on LoVo cell migration was (C) determined by performing wound healing assays (magnifica‑
tion, x100) and (D) quantified. Effect of lycorine on HCT116 cell migration was (E) determined by performing Transwell migration assays (magnification, x100) 
and (F) quantified. Effect of lycorine on LoVo cell migration was (G) determined by performing Transwell migration assays (magnification, x100) and 
(H) quantified. Data are presented as the mean ± SD (n=3). *P<0.05, **P<0.01 and ***P<0.001 vs. Control. CRC, colorectal cancer.
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performing Transwell assays (Fig.  2E‑H). Moreover, the 
Transwell invasion assay results indicated that lycorine signifi‑
cantly decreased the number of invading CRC cells compared 
with the control group (Fig. 3A‑D). The results suggested 
that lycorine attenuated CRC cell migration and invasion. 
Subsequently, western blotting was performed to evaluate the 
effect of lycorine on epithelial‑mesenchymal transition (EMT) 
and extracellular matrix (ECM) degradation, which have been 
reported to serve essential roles in tumor cell migration and 
invasion (11,12). Compared with HCT116 cells, the undiffer‑
entiated LoVo cell line displays a high EMT‑signature, which 
might be a more representative mesenchymal phenotype (13). 
Therefore, in LoVo cells, compared with the control group, 
lycorine significantly decreased the protein expression levels 
of snail family transcriptional repressor 1 (Snail), Vimentin 
and N‑cadherin, which are EMT inducers (11,14), but signifi‑
cantly increased the protein expression levels of E‑cadherin, 
which is an anti‑EMT molecule  (14) (Fig. 3E). Moreover, 
the protein expression levels of ECM degradation markers, 
including MMP‑2, MMP‑7 and MMP‑9, were significantly 
downregulated by lycorine (≥4 µmol/l) compared with the 

control group. Collectively, the results suggested that lycorine 
inhibited CRC cell migration and invasion.

Lycorine displays no obvious effect on CRC cell apoptosis. 
Hoechst 33258 staining was conducted to investigate whether 
lycorine altered HCT116 and LoVo cell apoptosis. Compared 
with the control group, karyopyknosis, karyorrhexis and 
apoptotic bodies were not increased by lycorine treatment 
(Fig. 4A and B). The flow cytometry results further demon‑
strated that lycorine did not significantly alter HCT116 
and LoVo cell apoptosis compared with the control group. 
Moreover, the western blotting results indicated that the protein 
expression levels of antiapoptotic Bcl‑2 were significantly 
decreased by lycorine (≥4 µmol/l) treatment compared with 
the control group (Fig. 4G‑J). Moreover, the protein expression 
levels of Caspase‑3, an important downstream executor in the 
apoptosis cascade (15), and pro‑apoptotic Bad and Bax were 
not significantly altered by lycorine treatment compared with 
the control group. The results indicated that lycorine‑induced 
inhibition of proliferation was not associated with apoptosis 
in CRC cells.

Figure 3. Effect of lycorine on CRC cell invasion in vitro. Effect of lycorine on HCT116 cell invasion was (A) determined by performing Transwell invasion 
assays (magnification, x100) and (B) quantified. Effect of lycorine on LoVo cell invasion was (C) determined by performing Transwell invasion assays (magni‑
fication, x100) and (D) quantified. Effect of lycorine on the protein expression levels of MMP‑2, MMP‑7, MMP‑9, Snail, Vimentin, N‑cadherin and E‑cadherin 
in LoVo cells were (E) determined via western blotting and (F) semi‑quantified. Data are presented as the mean ± SD (n=3). *P<0.05, **P<0.01 and ***P<0.001 
vs. Control. CRC, colorectal cancer; MMP, matrix metallopeptidase; Snail, snail family transcriptional repressor 1.
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Figure 4. Effect of lycorine on CRC cell apoptosis in vitro. Effect of lycorine on (A) HCT116 and (B) LoVo cell apoptosis as determined via Hoechst 33258 
staining (magnification, x200). Effect of lycorine on HCT116 cell apoptosis was (C) determined via flow cytometry and (D) quantified. Effect of lycorine on 
LoVo cell apoptosis was (E) determined via flow cytometry and (F) quantified. Effect of lycorine on HCT116 cell apoptosis was (G) determined via western 
blotting and (H) semi‑quantified. Effect of lycorine on LoVo cell apoptosis was (I) determined via western blotting and (J) semi‑quantified. Data are presented 
as the mean ± SD (n=3). **P<0.01 and ***P<0.001 vs. Control. CRC, colorectal cancer.
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Lycorine induces cell cycle arrest in CRC cell lines. As 
lycorine displayed no obvious effect on CRC cell apoptosis, 
it was hypothesized that lycorine might exert cytostasis to 
inhibit CRC cell proliferation. To investigate the hypothesis, 
flow cytometry was performed to determine the effect of 

lycorine on the cell cycle of CRC cells. Compared with the 
control group, lycorine treatment (≥4 µmol/l) resulted in a 
significantly higher proportion of cells in the G2/M phase in 
HCT116 cells, but resulted in a significantly higher ratio of 
cells in the S and G2/M phases in LoVo cells (Fig. 5A‑D). In 

Figure 5. Effect of lycorine on cell cycle distribution in CRC cells in vitro. Effect of lycorine on cell cycle distribution in HCT116 cells was (A) determined via 
flow cytometry and (B) quantified. Effect of lycorine on cell cycle distribution in LoVo cells was (C) determined via flow cytometry and (D) quantified. Effect 
of lycorine on the protein expression levels of cyclin B1, cyclin E1, cyclin D1, p21 and Smad4 in HCT116 cells were (E) determined via western blotting and 
(F) semi‑quantified. Effect of lycorine on the protein expression levels of cyclin B1, cyclin E1, cyclin D1, p21 and Smad4 in LoVo cells were (G) determined 
via western blotting and (H) semi‑quantified. Data are presented as the mean ± SD (n=3). *P<0.05, **P<0.01 and ***P<0.001 vs. Control. CRC, colorectal cancer.
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addition, the western blotting results indicated that compared 
with the control group, cyclin  B1 expression levels were 
significantly increased, but cyclin D1 and cyclin E1 expression 
levels were significantly decreased by lycorine (≥4 µmol/l) 
in HCT116 and LoVo cells (Fig. 5E‑H). Notably, the protein 
expression levels of cell cycle regulator p21 (≥1 µmol/l) and 
Smad4 (8 µmol/l in HCT116 cells and ≥1 µmol/l in LoVo cells) 
were significantly upregulated by lycorine treatment compared 
with the control group. The results demonstrated that lycorine 
inhibited cell proliferation potentially via disrupting CRC cell 
progression.

Lycorine promotes the activation of AKT and ROS/p38 
signaling pathways in CRC cells. Subsequently, the possible 
mechanism underlying lycorine‑induced inhibitory effects 
against CRC cells were investigated. Compared with the control 
group, the protein expression level of phosphorylated‑p38 was 
significantly increased by lycorine (≥4 µmol/l) in HCT116 
and LoVo cells (Fig. 6A‑D). Furthermore, compared with the 
control group, lycorine treatment significantly increased the 
levels of intracellular ROS in HCT116 (at 4 and 24 h) and 
LoVo cells (at 4 h) (Fig. 6E‑H). The results suggested that lyco‑
rine might activate the ROS/p38 signaling pathway in CRC 

Figure 6. Effect of lycorine on AKT and ROS/p38 signaling pathways in CRC cells. Effect of lycorine on activation of the AKT signaling pathway in HCT116 
cells was (A) determined via western blotting and (B) semi‑quantified. Effect of lycorine on activation of the AKT signaling pathway in LoVo cells was 
(C) determined via western blotting and (D) semi‑quantified. Effect of lycorine on ROS accumulation in (E) HCT116 and (F) LoVo cells as determined via 
confocal microscopy (magnification, x200). Effect of lycorine on ROS generation in (G) HCT116 and (H) LoVo cells as determined via DCFH‑DA staining 
assay. Data are presented as the mean ± SD (n=3). **P<0.01 and ***P<0.001 vs. Control. ROS, reactive oxygen species; CRC, colorectal cancer; p, phosphorylated.



ONCOLOGY REPORTS  45:  19,  2021 9

cells. Moreover, compared with the control group, the protein 
expression levels of phosphorylated AKT and total AKT 
significantly increased by lycorine treatment (≥4 µmol/l) in 
HCT116 cells (Fig. 6C). Collectively, the results suggested that 
lycorine might enhance the activation of AKT and ROS/p38 
signaling pathways in CRC cells.

Discussion

Colorectal cancer is a life‑threatening tumor (1). Several drugs 
have been approved for the chemotherapy of CRC, and although 
these drugs display certain effects, patients typically develop 
drug resistance and the drugs display strong cytotoxicity 
against healthy cells and organs (16). For example, gastroin‑
testinal (GI) toxicity as an adverse event exists universally in 
systemic therapy for CRC. Single 5‑FU bolus or 5‑FU‑based 
combination chemotherapy can result in GI side effects (17). 
Moreover, 5‑FU causes myelosuppression, hand‑foot syndrome 
and cardiotoxicity (18,19). Therefore, preoperative and post‑
operative adjuvant therapies for CRC treatment require the 
introduction of more effective and safer drugs. Lycorine is an 
alkaloid that is located in the bulbs of plant lycoris, and has been 
reported to effectively inhibit several types of cancer (6‑9). In 
the present study, the anticancer effect of lycorine on CRC was 
investigated. Lycorine treatment inhibited cell proliferation in 
a dose‑ and time‑dependent manner in the three CRC cell lines. 

Moreover, the IC50 value of lycorine following 72 h treatment 
was 1.4 µmol/l in HCT116, which was similar to a previous 
study (20). Moreover, the results indicated that compared with 
the control group, lycorine significantly inhibited migration 
and invasion, but displayed no significant effect on CRC cell 
apoptosis.

MMPs serve vital roles in tumor metastasis via mediating 
ECM degradation (21). MMP‑9, a widely studied MMP, is 
a potential cancer biomarker due to its involvement in 
numerous cancer‑related processes, including cell migration, 
invasion, angiogenesis and inflammation (22). Additionally, 
epithelial tumor cells can obtain migratory and invading 
characteristics via the process of EMT (23). The LoVo cell 
line is a CRC cell line with a high degree of malignancy (13). 
The present study demonstrated that lycorine treatment 
significantly downregulated the protein expression levels 
of MMP‑2, MMP‑7 and MMP‑9 in LoVo cells compared 
with the control  group. Furthermore, compared with the 
control group, lycorine significantly increased the protein 
expression level of E‑cadherin, an anti‑EMT regulator, and 
significantly decreased the protein expression levels of Snail, 
Vimentin and N‑cadherin, which are pivotal EMT inducers. 
Collectively, the results suggested that lycorine inhibited 
CRC cell migration and invasion potentially via downregu‑
lating MMP protein expression levels and reversing the EMT 
process in CRC cells.

Figure 7. Proposed mechanism underlying lycorine‑induced inhibitory effects on human CRC cells in vitro. CRC, colorectal cancer; ROS, reactive oxygen 
species.
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Apoptosis is a highly regulated process of cellular death. 
There are two classic apoptosis signaling pathways: Extrinsic 
and intrinsic. The extrinsic apoptosis signaling pathway is 
initialized by the interaction between death receptors and 
TNF, Fas ligand or TNF superfamily member 10 ligand. By 
contrast, the intrinsic apoptosis signaling pathway refers to 
non‑receptor‑mediated initiation and mitochondrial regula‑
tion  (24). The mechanism underlying lycorine‑mediated 
apoptosis in tumors has been investigated. Previous studies 
revealed that lycorine induced apoptosis via a mitochon‑
dria‑dependent apoptotic cascade or the death‑receptor 
signaling pathway in tumor cells, including bladder cancer 
T24 cells (7), leukemia Mcl‑1 cells (25) and HL‑60 cells (26). In 
the present study, the Hoechst 33258 staining and flow cytom‑
etry results demonstrated that lycorine displayed no significant 
effect on HCT116 and LoVo cell apoptosis compared with the 
control group. Moreover, compared with the control group, 
lycorine significantly decreased the expression levels of Bcl‑2, 
which displays an antiapoptotic effect by inhibiting Bax and 
blocking the process of mitochondrial outer membrane perme‑
abilisation (27). However, the protein expression levels of Bad, 
Bax or the apoptosis effector caspase‑3 were not significantly 
altered by lycorine treatment compared with the control group, 
which was consistent with the morphology and flow cytometry 
results. The results indicated that lycorine might primarily 
exert cytostatic effects rather than apoptosis inducing effects.

The AKT signaling pathway serves an important role in 
response to cell survival (28). Activation of the AKT signaling 
pathway may be related to the cytostatic effects of several 
anticancer drugs. For example, Richards et al (29) reported 
that Crassin, a Diterpenoid natural compound against cancer 
cells, induced cytostatic effects via activating the AKT 
signaling pathway and then promoting ROS activation in 
triple‑negative breast cancer cells. Goyeneche et al (30) and 
Wempe et al (31) reported that AKT signaling was activated 
to exert cytostatic effects on ovarian cancer cells in mife‑
pristone‑induced antitumor activity. The western blotting 
results indicated that AKT activation might serve a role in 
the cytostatic effect of lycorine against CRC cells. Moreover, 
whether lycorine in combination with AKT inhibitors could 
inhibit the cytostatic effect of lycorine on CRC cells requires 
further investigation.

Previous studies have demonstrated that 5 µM lycorine 
reduced mitosis in glioblastoma U373 cells and non‑small‑cell 
lung cancer A549 cells by >90% without inducing cell apop‑
tosis (9,32), which suggested that lycorine may display strong 
inhibitory effects on cancer, especially in those naturally 
resistant to proapoptotic stimuli. In the present study, based 
on the finding that lycorine did not alter apoptosis, it was 
hypothesized that lycorine may primarily exert cytostatic 
effects by regulating the cell cycle in CRC cells. The flow 
cytometry results supported this hypothesis, demonstrating 
that lycorine significantly induced cell cycle arrest at the 
G2/M phase in HCT116 cells, and at the S and G2/M phase 
in LoVo cells compared with the control group. Cancer cells 
display cell cycle dysregulation, resulting in unscheduled and 
rapid cell division, which is a hallmark of tumors (33). The cell 
cycle is controlled by a subfamily of CDKs complexed with 
cyclin proteins (34). Aberrations of CDKs drive re‑entry into 
the cell cycle in cancer cells (35); therefore, inducing cell cycle 

arrest via activation of checkpoints to modulate CDK activity 
may serve as an effective therapeutic strategy. For example, 
targeting the cyclin D1‑Cdk4/6 complex as a therapeutic inven‑
tion has been focused on due to the invariable deregulation 
of the complex in human tumors (36). CDK4/6 inhibitors are 
already available for clinical use in the USA (37). Meanwhile, 
in the present study, compared with the control group, lycorine 
significantly downregulated the protein expression levels of 
cyclin D1 and cyclin E1 in HCT116 and LoVo cells. p21 is a 
negative regulator of the cell cycle that functions by damp‑
ening the activity of cyclin‑CDK complexes (38). The results 
of the present study indicated that the protein expression levels 
of p21 were significantly increased by lycorine treatment 
compared with the control group. In CRC, Smad4 serves a 
tumor‑suppressing role by controlling a cohort of targeting 
genes, including p21, to trigger cell cycle arrest at the G1/S 
phase (39). It has been reported that Smad4 expression was 
absent in 20‑40% of cases, which promotes tumor progres‑
sion and is associated with poor prognosis (40). The present 
study demonstrated that lycorine significantly upregulated the 
protein expression levels of Smad4 compared with the control 
group. Collectively, the results indicated that lycorine exerted 
anti‑CRC effects potentially via triggering cell cycle arrest in 
CRC cells.

p38 belongs to the MAPK family and is involved in cell 
proliferation, migration, differentiation and apoptosis (41,42). 
The roles of p38 in occurrence and development of cancer 
have been previously investigated (43); however, the obtained 
results are controversial, with certain studies suggesting a 
stimulatory role of p38 in cancer and others proposing an 
inhibitory role of p38. A recent study demonstrated that p38 
interfered with initial steps of colorectal adenomagenesis, 
and nuclear p38 was correlated with low‑grade dysplasia and 
decreased adenoma size (44). The results of the present study 
demonstrated that lycorine promoted activation of the p38 
signaling pathway, leading to increased p38 phosphorylation 
in CRC cells compared with the control group. Therefore, 
the mechanism underlying p38 activation was investigated. 
p38 can be activated by several stimuli, such as inflammatory 
factors, DNA damage and ROS (42). ROS serves pivotal roles 
in cell physiology and participates in several pathological 
processes. When ROS generation exceeds the antioxidant 
capacity of the cell, cells enter an oxidative stress state, 
causing cell dysfunction and behavioral alterations, including 
cell cycle arrest, senescence and cell death (45). Therefore, it 
was hypothesized that p38 activation may be a consequence 
of ROS generation. To verify whether lycorine affected ROS 
accumulation, a DCFH‑DA staining assay was performed. The 
results demonstrated that ROS intracellular levels in HCT116 
and LoVo cells were increased by lycorine treatment compared 
with the control group. Therefore, lycorine‑induced antitumor 
effects might be closely related to ROS/p38 signaling.

In conlusion, the present study demonstrated that lycorine 
suppressed CRC cell proliferation, migration and invasion 
and cell cycle progression in vitro. Moreover, to the best of 
our knowledge, the present study was the first to suggest that 
lycorine exerted cytostatic effects on CRC cells via ROS/p38 
and AKT signaling pathways (Fig. 7). Therefore, the results 
of the present study suggested that lycorine might serve as 
a therapeutic for CRC. Future studies should investigate the 
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correlation between ROS accumulation and p38 activation, 
as well as the potential of lycorine in combination with other 
drugs in CRC treatment.
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