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Abstract. Corilagin is the primary active component of the 
Euphorbia phyllanthus plant and has significant anti‑cancer 
properties. However, the biological effects and mechanisms 
of corilagin on acute myeloid leukemia (AML) have not been 
clarified. The Cell Counting Kit‑8 and Carboxyfluorescein 
Diacetate Succinimidyl Ester assay results showed that cori‑
lagin significantly inhibited proliferation of the AML cell line 
HL‑60 in a time‑ and dose‑dependent manner. Western blot‑
ting and flow cytometry analysis were performed to determine 
the levels of apoptosis in HL‑60 cells. The protein levels of 
cleaved caspase‑3 and Bak were upregulated, while Bcl‑xl was 
downregulated in cells treated with corilagin. The percentage 
of early‑ and late‑stage apoptotic cells increased following 
corilagin treatment in a dose‑dependent manner, indicating that 
the intrinsic mitochondrial apoptosis pathway was activated by 
corilagin. Simultaneously, western blotting and immunofluo‑
rescence results revealed that autophagy was suppressed; this 
was accompanied by a decrease in light chain 3‑II (LC3‑II) 
conversion and autophagosomes. MicroRNA (miRNA/miR) 
profile analysis showed that corilagin elevated the expres‑
sion of the tumor suppressor miR‑451, while the mRNA and 
protein levels of high mobility group protein B1 (HMGB1), the 
target of miR‑451, decreased following exposure to corilagin. 
Knockdown of miR‑451 decreased the downregulation of 
HMGB1 caused by corilagin, indicating negative regulation of 

HMGB1 by miR‑451 during corilagin treatment. Furthermore, 
knockdown of miR‑451 also attenuated corilagin‑induced 
proliferation inhibition of HL‑60 cells, implying that miR‑451 
was essential for the proliferation inhibitory effect of corilagin. 
In conclusion, these results indicated that corilagin induced 
apoptosis and inhibited autophagy in HL‑60 cells by regu‑
lating the miR‑451/HMGB1 axis, and corilagin may be a novel 
therapeutic drug for the treatment of AML.

Introduction

Acute myeloid leukemia (AML) is characterized by blocked 
myeloid differentiation and abnormal proliferation of 
immature myeloid cells in the bone marrow and peripheral 
blood (1,2). The current clinical treatments for AML include 
induced differentiation therapy, combined chemotherapy, 
hematopoietic stem cell transplantation and immuno‑
therapy (3‑6). Although progress has been made in medicine 
and chemotherapy, the treatment outcomes of AML are not 
ideal. Only 35‑40% of young (age <60 years) and 5‑15% of 
elderly patients with AML (age ≥60 years) survive for >5 years 
post‑treatment (7). The primary reason for therapeutic failure 
and poor prognosis is the chemotherapy resistance of leukemia 
cells (8,9). Therefore, there is an urgent need to find more 
effective drugs and therapies for treating AML.

Corilagin is the primary active ingredient of the 
Euphorbia phyllanthus plant and has antiviral, anti‑inflamma‑
tory, antioxidant and other biological activity (10‑12). Corilagin 
can effectively diminish inflammation in ulcerative colitis and 
cystic fibrosis bronchial cells. By blocking the activation of 
nuclear factor κB (NF‑κB), corilagin decreases expression 
of interleukin (IL)‑1β, IL‑6, TNF‑α and other inflammatory 
factors (13,14). Previous studies have shown that corilagin has 
a significant inhibitory effect on glioblastoma, as well as breast 
and ovarian cancer (15‑17). Corilagin inhibits the proliferation 
of breast cancer cells by inducing apoptosis and autophagy 
and that of ovarian cancer cells by blocking the typical Smad 
and atypical ERK/AKT pathways (16,17). Although corilagin 
possesses anti‑inflammatory and antitumor effects, to the 
best of our knowledge, its function in inhibiting leukemia has 
rarely been reported.

MicroRNA (miRNAs/miRs) are a class of small, 
non‑coding RNAs with 19‑25 nucleotides (nts) that negatively 
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regulate target gene expression at the post‑transcriptional 
level. Abnormal expression of miRNAs is associated with 
a variety of human diseases, including AML (18‑20). 
Modulation of dysregulated miRNAs is used in AML 
therapy and sensitizes AML cells to chemotherapy (21,22). 
Overexpression of miR‑34a, which is expressed at low levels 
in AML, promotes apoptosis and inhibits autophagy in 
AML cells (23). Upregulation of miR‑142‑3p improves the 
drug sensitivity of AML cells by inhibiting cell viability and 
promoting apoptosis (24). Additionally, miR‑451 is abnor‑
mally downregulated in patients with AML, and miR‑451 acts 
as a tumor suppressor by repressing malignant proliferation 
and inducing apoptosis (25,26). Upregulation of miR‑451 can 
prevent cardiomyocyte anoxia/reoxygenation (A/R) injury by 
suppressing high mobility group protein B1 (HMGB1) (27). 
However, the association between miR‑451 and HMGB1 in 
AML remains unclear.

HMGB1 is a highly conserved and widely expressed 
non‑histone, chromatin‑binding protein, which can bind with 
specific chromatin DNA and participate in DNA recombination, 
gene transcription regulation, cell division, and differentia‑
tion (28,29). Under metabolic stress, HMGB1 transfers from 
the nucleus to the cytoplasm and binds Beclin‑1 to prevent 
its aggregation, thus promoting autophagy and inhibiting 
apoptosis (30). HMGB1 can induce chemotherapy resistance 
by promoting autophagy in lung and colorectal cancer, as well 
as other types of tumor (31,32). HMGB1 levels in the serum 
of patients with AML increase significantly following chemo‑
therapy, and inhibition of HMGB1 can improve the sensitivity 
of AML cells to chemotherapy drugs (24,33). Therefore, 
HMGB1 may be an important clinical target for the treatment 
of leukemia.

In the present study, the effects of corilagin‑induced 
proliferation inhibition were investigated in the AML cell 
line HL‑60. The effect of corilagin on apoptosis and autophagy 
in AML cells was investigated. The expression levels of 
miR‑451 and HMGB1 were evaluated following corilagin 
treatment. Finally, the role of miR‑451 in corilagin‑induced 
proliferation inhibition on HL‑60 cells was assessed. The 
present study aimed to elucidate the effect and potential 
mechanism of corilagin on AML cells, which may provide a 
promising treatment for AML.

Materials and methods

Cell culture and treatment. The human promyelocytic 
leukemia cell line HL‑60, obtained from the American 
Type Culture Collection, was maintained in DMEM supple‑
mented with 10% FBS and 100 U/ml penicillin/streptomycin 
at 37˚C under 5% CO2. HL‑60 cells were treated with PBS or 
increasing concentrations of corilagin (25 and 50 µg/ml) in a 
37˚C incubator for different durations (0, 1, 2, 3, 4 and 5 days).

Cell transfection. HL‑60 cells were seeded in 6‑well plates 
(1x106/well) before transfection. A total of 10 µl diluted 
transfection reagent DharmaFECT (Tube 1) and 100 nM 
negative control (NC) inhibitor or miR‑451 inhibitor (Tube 2) 
were mixed with 190 µl serum‑free DMEM for 5 min at 
room temperature. The contents of Tubes 1 and 2 were 
mixed and incubated for 20 min at room temperature, then 

1.6 ml antibiotic‑free DMEM was added for a total volume 
of 2 ml transfection medium. Culture medium was replaced 
with transfection medium in each well. The NC inhibitor and 
miR‑451 inhibitor were synthesized by Shanghai GenePharma 
Co., Ltd. Sequence of NC inhibitor was 5'‑CAG UAC UUU UGU 
GUA GUA CAA‑3'; sequence of miR‑451 inhibitor was 5'‑AAC 
UCA GUA AUG GUA ACG GUU U‑3'. Following transfection 
at 37˚C for 72 h, cells were harvested for further experiments.

Reagents and antibodies. Corilagin (purity ≥98%) was 
purchased from Shanghai Yuanye Biotechnology Co., 
Ltd. DMEM, FBS and penicillin/streptomycin were 
purchased from Gibco (Thermo Fisher Scientific, Inc.). Cell 
Counting Kit‑8 (CCK‑8) and Carboxyfluorescein Diacetate 
Succinimidyl Ester (CFSE) cell proliferation kits were 
obtained from Dongren Chemical Technology (Shanghai) 
Co., Ltd.. Annexin V‑APC/7‑AAD apoptosis detection 
kit was from BioLegend, Inc., BSA, RIPA lysis buffer 
and BCA protein quantification kit were purchased from 
Beyotime Institute of Biotechnology. Polyvinylidene difluo‑
ride (PVDF) membrane and ECL reagent were obtained 
from MilliporeSigma. Primary antibodies (all 1:1,000) 
against light chain (LC)3 (cat. no. 12741), autophagy‑related 
5 (Atg5; cat. no. 12994), pro‑ and cleaved caspase‑3 
(cat. no. 14220), Bcl‑xl (cat. no. 2764) and Bax (cat. no. 5023) 
were obtained from Cell Signalling Technology, Inc.; p62 
(cat. no. 18420‑1‑AP, 1:1,000), Beclin‑1 (cat. no. 11306‑1‑AP, 
1:1000), β‑actin (cat. no. 20536‑1‑AP, 1:5,000), HMGB1 
(cat. no. 10829‑1‑AP, 1:1,000) primary and horseradish perox‑
idase (HRP)‑conjugated secondary antibodies (both 1:5,000; 
goat anti‑mouse IgG, cat. no. SA00001‑1; goat anti‑rabbit 
IgG, cat. no. SA00001‑2) were from ProteinTech Group, 
Inc. TRIzol®, Alexa Fluor488‑conjugated goat anti‑rabbit 
secondary antibody (cat. no. A‑11008; 1:500) and anti‑fade 
mounting medium with DAPI were purchased from Invitrogen 
(Thermo Fisher Scientific, Inc.). DharmaFECT transfection 
reagent and RevertAid Reverse Transcription (RT) kit were 
obtained from Thermo Fisher Scientific, Inc. UltraSYBR 
Mixture was from CWBio.

Cell viability assay. HL‑60 cells were seeded in 96‑well plates 
at a density of 2x104 cells/well and cultured overnight in a 
37˚C incubator. The cells were treated with PBS or increasing 
concentrations of corilagin (25 and 50 µg/ml) for different 
durations (0, 1, 2, 3, 4 and 5 days). CCK‑8 was added to each 
well and the cells were incubated for 4‑6 h. The absorbance was 
measured at 450 nm using a microplate reader. Cell viability 
was calculated as follows: Mean optical density (OD) of treated 
wells‑mean OD of blank wells/mean OD of control wells‑mean 
OD of blank wells.

Flow cytometry. HL‑60 cells were treated with PBS or increasing 
concentrations of corilagin (25 and 50 µg/ml) at 37˚C for 48 h, 
collected and washed with PBS three times. For the cell prolif‑
eration assay, cells were incubated with 10 µM CFSE for 10 min 
at room temperature, then heat‑inactivated FBS was added to 
terminate the labelling reaction. The labelled cells were washed 
twice, resuspended in PBS and analyzed by flow cytometry 
(FACSCalibur; BD Biosciences). For the cell apoptosis assay, 
cells were stained with 5 µl Annexin V‑APC and 7‑AAD for 
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15 min at room temperature, then assessed by flow cytometry 
(CytoFlex; Beckman Coulter, Inc.). The percentage of early‑ 
and late‑stage apoptotic cells was calculated using FlowJo v10 
software (BD Biosciences).

Small RNA single‑end sequencing. Total RNA was extracted 
from cells using TRIzol according to the manufacturers' 
instructions. The integrity, purity and concentration of RNA 
were detected by Agilent 2100, Nanodrop and Qubit, respec‑
tively. After the samples passed quality control tests, the Small 
RNA Sample Prep kit (Illumina, Inc.) was used to produce 
cDNA libraries. Briefly, adapters were added to the 5' and 3' 
ends of small RNA, followed by RT‑quantitative (q)PCR 
amplification and PAGE to separate the target DNA fragments. 
After the library was built, the insert size was detected using 
Agilent 2100, and the effective concentration (>2 nM) was 
quantified by qPCR. The cDNA libraries were sequenced using 
an Illumina HiSeq 2000 platform and 50 bp single‑end reads 
were generated. Subsequently, the raw reads were processed and 
filtered for the length of 21‑22 nt to obtain miRNA reads. The 
miRNAs were aligned with miRBase (https://www.mirbase.
org) and annotated using Bowtie (http://bowtie‑bio.sourceforge.
net). To identify the differentially expressed miRNAs, the 
expression levels of miRNAs were normalized using Transcripts 
Per Million. Normalized expression was determined as follows: 
Read count of miRNA x1,000,000)/read count of total miRNAs.

The criteria for identifying differentially expressed miRNAs 
were P<0.01 and log2(fold change)>1.

Western blotting. HL‑60 cells were lysed with RIPA buffer for 
30 min on ice and supernatant was collected by centrifugation 
at 12,000 x g for 15 min at 4˚C. Protein concentrations were 
determined using a BCA protein quantification kit. Protein 
(30 µg/lane) was loaded, separated via 12% SDS‑PAGE 
(Bio‑Rad Laboratories, Inc.) and transferred onto PVDF 
membranes. After blocking with 3% BSA for 1 h at room 
temperature, the membranes were incubated with primary anti‑
bodies overnight at 4˚C and with HRP‑conjugated secondary 
antibodies for 1 h at room temperature. Finally, protein bands 
were exposed to ECL reagent and visualized using a chemilu‑
minescent detector (Tanon Science and Technology Co., Ltd.). 
The relative protein expression was semi‑quantified using 
ImageJ v.1.46r software (National Institutes of Health) using 
β‑actin as the control.

Immunofluorescence. Cells were fixed with 4% paraformal‑
dehyde for 10 min at room temperature and washed three 

times with PBS. After blocking with 10% FBS containing 
0.1% Triton for 20 min at room temperature, cells were 
incubated with LC3 primary antibody at 4˚C overnight 
and subsequently stained with 488‑conjugated anti‑rabbit 
secondary antibody at room temperature for 1 h. Finally, cells 
were washed three times with PBS and mounted on glass 
slides using anti‑fade mounting medium with DAPI. The 
stained cells were imaged using a confocal microscope (Zeiss 
LSM800; Zeiss AG; magnification, x630). The number of 
LC3‑positive puncta/cell was quantified using ImageJ v.1.46r 
software (National Institutes of Health).

RT‑qPCR. Total RNA was extracted from HL‑60 cells 
using TRIzol and reverse transcribed to cDNA using an RT 
kit according to the manufacturer's protocol. RT‑qPCR was 
performed using an UltraSYBR Mixture in a CFX‑96 Touch 
Real‑Time PCR Detection system (Bio‑Rad Laboratories, 
Inc.). The thermocycling conditions were as follows: 95˚C for 
5 min, followed by 40 cycles of 95˚C for 10 sec and 60˚C for 
30 sec. The expression level of HMGB1 was normalized to 
that of the reference gene β‑actin, and miR‑451 to that of U6. 
The relative expression levels of genes were calculated using 
the 2‑ΔΔCq method (34). The primers sequences are shown 
in Table I.

Survival analysis of patients with AML with differentially 
expressed HMGB1 by Gene Expression Profiling Interactive 
Analysis (GEPIA). The GEPIA database (http://gepia.
cancer‑pku.cn) was used to analyze the survival percentage 
of patients with AML with high or low levels of HMGB1 
using 106 samples from the Genotype Tissue Expression 
(https://gtexportal.org) and The Cancer Genome Atlas 
(http://tcga‑data.nci.nih.gov/tcga).

Statistical analysis. The data are presented as the mean ± SD 
from three independent experiments. Data were compared 
using an unpaired Student's t‑test or one‑way ANOVA 
followed by Bonferroni's post hoc test using GraphPad Prism 5 
(GraphPad Software, Inc.). P<0.05 was considered to indicate 
a statistically significant difference.

Results

Corilagin inhibits proliferation of HL‑60 AML cells. The 
inhibitory effect of corilagin on AML cells was analyzed 
using CCK‑8 and CFSE assay kits. The AML cell line 
HL‑60 was treated with PBS or increasing concentrations of 

Table I. Primer sequences for reverse transcription‑quantitative PCR.

Gene Forward, 5'→3' Reverse, 5'→3'

miR‑451 AAACCGTTACCATTACTGAGTT AACTCAGTAATGGTAACGGTTT
U6 CTCGCTTCGGCAGCACATATACT ACGCTTCACGAATTTGCGTGTC
HMGB1 TGGTATTTTGGACTGCGGGG TGACATTTTGCCTCTCGGCT
GAPDH TGAAGGTCGGAGTCAACGG TCCTGGAAGATGGTGATGGGA

miR, microRNA; HMGB1, high mobility group protein B1.
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corilagin (25 and 50 µg/ml) for different durations (Fig. 1A). 
Corilagin significantly inhibited proliferation of HL‑60 cells 
in a dose‑ and time‑dependent manner (Fig. 1B). The cyto‑
toxicity of corilagin on HL‑60 cells was also evaluated by 
microscopy. The cell number was notably decreased and the 
cell shape became irregular following corilagin treatment 
for 48 h (Fig. 1C). Moreover, the fluorescence intensity of 
the corilagin‑treated group was higher than that of the PBS 
group (Fig. 1D). These data indicated that corilagin inhibited 
the proliferation of HL‑60 AML cells.

Corilagin activates apoptosis in HL‑60 AML cells. To inves‑
tigate the apoptotic effect of corilagin on AML cells, Annexin 
V/7‑AAD staining assay was used to assess apoptotic cell 
death by flow cytometry. HL‑60 cells were treated with PBS 
or different concentrations of corilagin (25 and 50 µg/ml) for 
48 h. The percentage of early‑ and late‑stage apoptotic cells 
increased following corilagin treatment in a dose‑dependent 
manner (Fig. 2A and B). To verify whether corilagin‑induced 
apoptosis was triggered by the intrinsic signalling pathway, 
the expression levels of key proteins were detected by western 
blotting. Corilagin increased the protein levels of cleaved 
caspase‑3 and Bak and decreased the level of Bcl‑xl, indi‑
cating that the intrinsic mitochondrial apoptosis pathway was 
activated following exposure to corilagin (Fig. 2C and D).

Corilagin inhibits autophagy of HL‑60 AML cells. Autophagy 
may function as a protective mechanism in tumor cells, 
and inhibition of autophagy promotes cell apoptosis (30). 
Microtubule‑associated protein LC3 is a key autophagy‑asso‑
ciated protein involved in autophagosome formation. Cytosolic 
LC3‑I is converted to membrane‑bound LC3‑II by conjugation 
to phosphatidylethanolamine and localizes to the autophago‑
some (35). To determine the effect of corilagin on AML cell 
autophagy, the ratio of LC3‑II/I and number of LC3‑positive 

puncta were assessed by western blotting and immunofluo‑
rescence, respectively. Corilagin significantly decreased the 
conversion of LC3‑I into LC3‑II and formation of LC3‑positive 
puncta. In addition, the expression levels of Atg5 and Beclin‑1 
decreased, while p62 expression increased following corilagin 
treatment. These results suggested that corilagin exhibited an 
inhibitory effect on AML cell autophagy (Fig. 3A‑D).

Corilagin elevates expression of tumor suppressor miR‑451. 
Previous studies have revealed that corilagin prevents liver 
fibrosis by blocking the miR‑21‑regulated Smad signalling 
pathway (36,37). To assess changes in miRNA expression 
levels caused by corilagin, small RNA sequencing was 
performed. Compared with the PBS group, eight miRNAs 
were notably upregulated and two were downregulated in the 
corilagin‑treated groups. In addition, the expression levels of 
the differentially expressed miRNAs showed a dose‑depen‑
dent change when treated with corilagin (Fig. 4A). miR‑451 
has been reported to be abnormally downregulated in patients 
with AML and serves as a tumor suppressor by inducing apop‑
tosis (25,26). The present microRNA sequencing data showed 
that miR‑451 was notably upregulated following exposure to 
corilagin. RT‑qPCR results verified the elevated expression of 
miR‑451 following corilagin treatment in a dose‑dependent 
manner (Fig. 4B).

Corilagin downregulates HMGB1 expression by increasing 
miR‑451. To determine the mechanisms by which miR‑451 
regulates AML, target genes of miR‑451 were screened. 
A previous study reported that the expression of HMGB1 
was negatively regulated by miR‑451 during cardiomyo‑
cyte A/R injury (27). The GEPIA database showed that 
HMGB1 levels were negatively associated with survival 
of patients with AML. The low HMGB1 expression group 
had a higher survival rate than the high HMGB1 expression 

Figure 1. Corilagin inhibits proliferation of HL‑60 cells. (A) Chemical structure of corilagin. (B) HL‑60 cells were treated with increasing concentrations of 
corilagin for different durations. Cell viability was analyzed by Cell Counting Kit‑8 assay. ***P<0.001 vs. PBS group. (C) Optical microscopy observation of 
HL‑60 cells following 48 h treatment with PBS or corilagin. Scale bar, 100 µm. (D) Flow cytometry analysis of HL‑60 cells using carboxyfluorescein diacetate 
succinimidyl ester following 48 h treatment with PBS or corilagin.
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group (Fig. 5A). To test whether miR‑451 functions by regu‑
lating HMGB1 during corilagin treatment, the expression of 
HMGB1 was measured using RT‑qPCR and western blotting. 
The mRNA and protein levels of HMGB1 were significantly 
decreased in response to corilagin in a dose‑dependent 
manner (Fig. 5B‑D). Knockdown of miR‑451 decreased the 
corilagin‑induced downregulation of HMGB1, indicating a 
negative regulation of HMGB1 by miR‑451 during corilagin 
treatment (Fig. 5E and F).

Corilagin inhibits proliferation of HL‑60 cells via the 
miR‑451/HMGB1 axis. To investigate whether regulation of 
miR‑451/HMGB1 axis by corilagin is involved in inhibition 
of HL‑60 cell proliferation, miR‑451 was knocked down and 
cell proliferation was analyzed. The CCK‑8 assay showed 
that knockdown of miR‑451 promoted proliferation of 
HL‑60 cells, indicating a tumor suppressive effect of miR‑451 
on AML cells. Compared with corilagin treatment‑alone, 
knockdown of miR‑451 attenuated corilagin‑induced inhibi‑
tion of HL‑60 cell proliferation, which implied that miR‑451 
was involved in corilagin‑induced inhibition of prolifera‑
tion (Fig. 6A and B). A recent study showed that miR‑451 
enhances death of AML cells by targeting HMGB1 (38). 
As aforementioned, the present results also suggested nega‑
tive regulation of HMGB1 by miR‑451 during corilagin 
treatment (Fig. 5E and F). Therefore, it was concluded that 
corilagin inhibited the proliferation of HL‑60 cells via the 
miR‑451/HMGB1 axis.

Discussion

Corilagin, a water‑soluble tannin, is the primary bioactive 
ingredient of the E. phyllanthus plant. Corilagin possesses 
anti‑viral, anti‑inflammatory, antioxidant and antitumor 
properties (10‑12). Corilagin inhibits proliferation of a 
variety of cancer cells, including hepatic carcinoma, as well 
as breast, gastric and ovarian cancer (15‑17). To the best of 
our knowledge, however, the effect of corilagin on leukemia 
cells has rarely been reported. In the present study, corilagin 
significantly inhibited proliferation of HL‑60 AML cells in a 
concentration‑ and time‑dependent manner.

Apoptosis, a type of programmed cell death, is a key 
mechanism underlying the activity of numerous antitumor 
drugs, such as oblimersen sodium and nutlins (39‑41). The 
present results indicated that the suppressive effect of corilagin 
on HL‑60 cells was associated with apoptotic cell death. Flow 
cytometry analysis of Annexin V/7‑AAD staining showed that 
the percentage of early‑ and late‑stage apoptotic cells increased 
following corilagin treatment in a dose‑dependent manner. 
Apoptosis is primarily regulated by the mitochondria‑mediated 
intrinsic, death receptor‑mediated extrinsic and endoplasmic 
reticulum stress‑induced apoptotic pathways (42). The intrinsic 
pathway is accompanied by activation of pro‑apoptotic proteins 
(Bax and Bak), inhibition of anti‑apoptotic proteins (Bcl‑2 and 
Bcl‑xl) and cleavage of procaspases‑3/6/7, leading to cell 
death. In the present study, corilagin increased protein levels 
of cleaved caspase‑3 and Bak and decreased levels of Bcl‑xl, 

Figure 2. Corilagin activates apoptosis in HL‑60 cells. (A) Flow cytometry analysis of apoptosis in HL‑60 cells following treatment with PBS or 25 and 50 µg/ml 
corilagin for 48 h. (B) Proportion of apoptotic cells. (C) Expression levels of the apoptosis‑associated proteins cleaved caspase‑3, pro caspase‑3, Bcl‑xl and Bak 
in corilagin‑treated HL‑60 cells were analyzed by western blotting. (D) Relative protein expression of cleaved caspase‑3/pro caspase‑3, Bcl‑xl and Bak were 
calculated using Image J. **P<0.01, ***P<0.001 vs. PBS group.
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indicating that the intrinsic mitochondrial apoptosis pathway 
was activated following exposure to corilagin.

Autophagy is a highly conserved process that maintains 
homeostasis by degrading and recycling protein aggregates, 

Figure 3. Corilagin inhibits autophagy of HL‑60 cells. (A) HL‑60 cells were incubated with PBS or 25 and 50 µg/ml corilagin for 48 h and expression of 
autophagy‑associated proteins LC3, p62, Atg5 and Beclin‑1 was determined by western blotting. (B) Relative protein expression levels of LC3‑II/LC3‑I, p62, 
Atg5 and Beclin‑1 were quantified using Image J software. (C) Confocal images of LC3‑positive puncta, representing autophagosomes. Scale bar, 10 µm. 
(D) Quantification of the average number of LC3‑positive puncta per cell using Image J software. *P<0.05, **P<0.01, ***P<0.001 vs. PBS group. LC, light chain; 
Atg, autophagy‑related.

Figure 4. Corilagin elevates expression of tumor suppressor miR‑451. (A) Heatmap analysis of miR expression profiles in HL‑60 cells treated with PBS or 
25 and 50 µg/ml corilagin for 48 h. (B) Expression of miR‑451 was validated by reverse transcription‑quantitative PCR in HL‑60 cells treated with PBS or 
25 and 50 µg/ml corilagin for 48 h. ***P<0.001 vs. PBS group. miR, microRNA.
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long‑lived proteins and damaged organelles (43). Under 
stress, such as nutrient deprivation, hypoxia, chemotherapy 
and radiotherapy, autophagy is a survival mechanism that 
provides nutrients for vital cellular functions and protects cells 
from apoptosis or necrosis (43). There is crosstalk between 
autophagy and apoptosis and inhibition of autophagy may lead 
to apoptotic cell death (44,45). The present results showed that 
corilagin markedly decreased the conversion of LC3‑I into 
LC3‑II and the formation of LC3 puncta, leading to the accu‑
mulation of substrate p62. These data suggested that corilagin 
exhibited an inhibitory effect on AML cell autophagy; further 
research should investigate the association between autophagy 
and corilagin‑induced apoptosis.

Numerous types of miRNA are aberrantly expressed in 
AML, including miR‑181, miR‑21, miR‑34 and miR‑451 (20). 
miR‑451, which serves as a tumor suppressor by suppressing 

proliferation of malignant cells and inducing apoptosis, is 
abnormally downregulated in patients with AML. Previous 
studies have showed that miR‑451 inhibits AML development 
by targeting tyrosine 3‑monooxygenase/tryptophan 5‑mono‑
oxygenase activation protein ζ and heterogeneous nuclear 
ribonucleoprotein A1 (25,26). However, a recent study found 
that miR‑451 enhances the death of AML cells by targeting 
HMGB1 (38). HMGB1 levels in the serum of patients with 
AML increase significantly following chemotherapy, and 
inhibition of HMGB1 improves the sensitivity of AML cells to 
chemotherapy drugs (24,33).

The present study investigated whether corilagin 
exerts its anti‑proliferative effects by regulating the 
miR‑451/HMGB1 axis. microRNA sequencing and 
RT‑qPCR both demonstrated that corilagin notably elevated 
the expression of miR‑451 in a concentration‑dependent 

Figure 5. Corilagin downregulates HMGB1 expression by increasing miR‑451. (A) Comparison of survival percentage between low‑ and high‑HMGB1 
expression groups by GEPIA database. HL‑60 cells were treated with PBS or 25 and 50 µg/ml corilagin for 48 h. The (B) mRNA and (C) protein level of 
HMGB1 were detected by reverse transcription‑quantitative PCR and western blotting, respectively. (D) Relative protein expression of HMGB1 was calculated 
using Image J software. **P<0.01, ***P<0.001 vs. PBS group. HL‑60 cells were transfected with NC inhibitor or miR‑451 inhibitor, following by treatment 
with corilagin for 48 h. The protein expression of HMGB1 was analyzed by (E) western blotting and (F) Image J software. *P<0.05, **P<0.01 vs. NC inhibitor. 
HMGB1, high mobility group protein B1; NC, negative control.

Figure 6. Corilagin inhibits proliferation of HL‑60 cells via the miR‑451/high mobility group protein B1 axis. HL‑60 cells were transfected with NC or 
miR‑451 inhibitor. (A) Transfection efficiency was detected by reverse transcription‑quantitative PCR. (B) Following treatment with 25 µg/ml corilagin, cell 
viability was analyzed by Cell Counting Kit‑8 assay. *P<0.05, **P<0.01, ***P<0.001 vs. NC inhibitor; ##P<0.01 vs. NC inhibitor + corilagin. NC, negative control; 
miR, microRNA.
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manner, while mRNA and protein levels of HMGB1 
were markedly decreased in response to corilagin in a 
dose‑dependent manner. Knockdown of miR‑451 decreased 
corilagin‑induced downregulation of HMGB1, indicating 
negative regulation of HMGB1 by miR‑451 following cori‑
lagin treatment. Furthermore, knockdown of miR‑451 also 
attenuated corilagin‑induced inhibition of HL‑60 cell prolif‑
eration, implying that miR‑451 was involved in the inhibitory 
effect of corilagin on cell proliferation. Therefore, it was 
hypothesized that corilagin may function in AML treatment 
by regulating the miR‑451/HMGB1 axis.

In conclusion, the present study demonstrated the inhibi‑
tory effects of corilagin on HL‑60 AML cell proliferation and 
viability in a dose‑ and time‑dependent manner. Corilagin 
induced apoptosis in HL‑60 cells by activating the intrinsic 
mitochondrial apoptosis pathway. Moreover, inhibition of 
autophagy in HL‑60 cells induced by corilagin may be associ‑
ated with apoptotic cell death. Corilagin modulated miR‑451 
and HMGB1 expression, and knockdown of miR‑451 alleviated 
corilagin‑induced downregulation of HMGB1 and inhibition 
of HL‑60 cell proliferation, indicating that corilagin may exert 
its anticancer effects by regulating the miR‑451/HMGB1 axis. 
These results suggested that corilagin may be a potential novel 
drug for treating AML.
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