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Abstract: Columbianetin acetate (CE) is one of the effective components of Angelica pubescens. So far, the specific role

and molecular mechanism of CE in pancreatic cancer are not clear. Thus, this study aimed to explore the specific

mechanism of CE on pancreatic cancer. The target genes combined with CE were predicted through the

PharmMapper database and the 3D molecular structure of CE. Then, the Cancer Genome Atlas (TCGA) and

Cistrome data browser (DB) databases were used to screen Meiotic nuclear divisions 1 (MND1)-related genes,

transcription factors, and transcription factor data sets, and the intersection of the above data sets. The “limma”

package in the R and gene expression profiling interactive analysis (GEPIA) databases were used to analyze the

correlation and survival difference between the target genes and MND1 to predict the degree of association between

CE and MND1. Western blotting and RT-PCR experiments revealed the regulatory relationship among CE, E2F1, and

MND1 at the cellular level. The specific effects of CE on pancreatic cancer cells were explored through CCK8, wound

healing, migration, and flow cycle experiments. E2F1, also the predictive transcription factor of MND1, was also the

predictive target protein of CE. At the same time, E2F1 and MND1 were closely related in pancreatic tissue. In the

cell function experiment, CE and interference with E2F1 expression could reduce the gene and protein expression of

MND1, which was closely associated with cell proliferation, migration, and cycle development. Similarly, interfering

with the expression of mnd1 can also inhibit the further development of tumor cells. CE may inhibit the development

of pancreatic cancer cells by reducing the expression of MND1. This implies that CE may be a potential novel agent

for the treatment of pancreatic cancer.

Introduction

Pancreatic cancer is a disease with a disproportionate
incidence rate and mortality. The five-year survival rate is
less than 9%, and the mortality rate is one of the highest
among all tumor diseases (Chen et al., 2016; Siegel et al.,
2019). Surgical resection can significantly improve the five-
year survival rate of patients. However, only a small number
of people can benefit from this treatment. The main reason
is that there is no effective early diagnosis method; the
disease develops rapidly and is easy to relapse and

metastasize (Kamisawa et al., 2016; Gillen et al., 2010; Siegel
et al., 2014; Singhi et al., 2019). In recent years, many
specific drugs for pancreatic cancer have been developed;
however, pancreatic cancer cells have many molecular
subtypes and unique biological characteristics, which lead to
the varying effectiveness of drugs in the treatment of
patients (Hidalgo, 2010). Therefore, it is necessary to
develop new small-molecule drugs and early diagnostic
markers to improve the prognosis of patients with
pancreatic cancer.

Columbianetin acetate (CE) is one of the most effective
active ingredients in Angelica pubescens and belongs to the
coumarin family; it is also a natural anti-inflammatory
active ingredient. CE can be absorbed by colon cancer cells
by passive diffusion. In animal experiments, intestinal
epithelial cells can be well absorbed and fully distributed in
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peripheral blood by oral administration (Yang et al., 2008;
Hou et al., 2020; Ge et al., 2019; Yang et al., 2019). So far,
although there are few reports on the specific effects of CE
on tumors, the above-discussed studies have shown that CE
is easy to metabolize and has anti-inflammatory effects,
which may be more helpful in treating tumor diseases.

E2F transcription factor 1 (E2F1), a transcription factor
activator, can bind to the dimerization partner on DNA and
participate in regulating downstream genes and proteins
(Chellappan et al., 1991). In a variety of tumor cells, E2F1
shows overexpression and abnormal amplification, and the
accompanying gene changes often promote the occurrence
and development of tumor cells (Tarangelo et al., 2015),
such as promoting tumor metastasis, drug resistance, and
proliferation and immune regulation (Fang et al., 2020;
Chun et al., 2020).

Meiotic nuclear divisions 1 (MND1) is a meiotic protein
that can promote homologous chromosome pairing. The
interaction of MND1 and homologous pairing protein 2
(hop2) contributes to the telomere prolongation and cell
proliferation of tumor cells. In related reports, MND1 plays
an important role in the prognosis of lung adenocarcinoma
and promotes further development of lung adenocarcinoma
cells (Kang et al., 2015; Arnoult and Karlseder, 2014; Zhang
et al., 2021; Wei et al., 2021). So far, no specific effect of
MND1 on pancreatic cancer cells has been reported.

In this study, E2F1, a gene related to CE and MND1, was
screened through bioinformatic analysis, which revealed the
possible role of CE in regulating the expression of MND1
through E2F1. Furthermore, in cell-based experiments, CE
could inhibit the occurrence and development of pancreatic
cancer cells by reducing MND1, thus providing a new idea
for the prognosis of patients with pancreatic cancer.

Materials and Methods

Reagents
The small-molecule drug CE (CAS number 23180-65-6) was
purchased from Grint, Wuhan. E2F1 and Vinculin (catalog
numbers AF6377 and AF5122, respectively) were purchased
from Affinity Biosciences, USA. MND1 (11636-1-AP) was
obtained from the Proteintech group. The cell cycle and
apoptosis analysis kit were from Shanghai Beibo Biology.
Cell counting kit-8 (CCK8, Beyotime, Shanghai, China) was
used for cell viability analysis.

Prediction of targeted binding proteins through PharmMapper
online tool
PharmMapper database is an online analysis tool that can
predict targeted binding proteins through 3D small-molecule
structure. The older version includes more than 7000 target
pharmacophores and corresponding protein target markers,
while the new version of the database has nearly more than
23236 proteins, including 16159 drug pharmacophore
models, due to continuous updating, with a strong and
accurate ability to predict small-molecule targeted proteins
(Wang et al., 2017). For an online prediction of targeted
proteins, we downloaded the 3D molecular structure of
columbianetin acetate in the pharmMapper database.

The cistrome data browser (DB)
DB is a resource of human-derived chip-seq, DNase-seq, and
ATAC-seq chromatin map analysis and maps the genome-
wide location of transcription factor binding sites, histone
post-translational modifications, and accessible regions of
chromatin endonuclease activity. It contains about 47000
human and mouse samples and about 24000 newly collected
data sets. The toolkit, helpful for biomedical research
(Zheng et al., 2019), was used to search online for MND1-
related transcription factors.

Gene expression profiling interactive analysis (GEPIA)
GEPIA is a network tool for the online analysis of gene
expression in different tumor groups. It combines TCGA
and GTEX databases and uses an interactive and
customizable method of gene expression, including
differential expression analysis, correlation analysis, and
survival analysis that help biologists and clinicians to deeply
mine gene functions (Tang et al., 2017). In this study, the
correlation between MND1 and E2F1 and the survival
analysis of MND1 were analyzed directly online.

The cancer genome atlas (TCGA)
TCGA is a free and public tumor database which aims to study
the whole genome spectrum related to cancer. So far,
developers have collected whole genome sequencing data of
more than 30 tumors and relevant clinical patient data, and
this has greatly promoted clinicians and scientific research
staff to improve diagnostic methods and treatment
standards (Tomczak et al., 2015). From the TCGA database,
pancreatic cancer-related RNA-seq and 178 clinical patient
data were downloaded, which also included survival time
and survival status.

Cell lines and cell culture
Human pancreatic cancer cell lines 8988 and PANC1 were
mainly purchased from the cell bank of the Chinese
Academy of Sciences (Shanghai, China). The cell lines were
mainly cultured in a DMEM medium (Gibco, USA)
containing 10% fetal bovine serum (FBS) at 37°C and a 5%
CO2 incubator.

Real-time polymerase chain reaction (PCR) analysis
In a six-well plate, 1.5–2.0 × 106 pancreatic cancer cells were
plated and incubated overnight and then treated with CE
and MND1 small interfering RNA for 24 h. The cells were
lysed with Trizol reagent for 5–10 min, and a total of 2 µg
RNA was extracted with the corresponding RNA kit
(Invitrogen). The extracted RNA was then reverse
transcribed into cDNA using a reverse transcription kit.
Then, the synthesized real-time PCR primers of MND1 and
GAPDH were mixed with Q-SYBR GREEN Supermix, (Bio-
Rad) and the reaction was conducted in real-time
fluorescence quantitative PCR instrument for 1–2 h.

Western blotting
The cell lines of the dosing group were cultured for 24–36 h,
while those of the interference group were cultured for about
48–60 h. The number of seed cells in the six-well plates
remained the same, at about 1.5–2.0 × 106 cells. RIPA and
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protease inhibitors were used to lyse the cells, shaking once every
ten minutes for a total of three times. The extracted protein was
separated by 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis, then transferred to PVDF membrane and
blocked with a rapid blocking solution for 15 min. The
membrane was then incubated with the primary antibody in
the working solution and kept at 4°C for 12 h. The next day,
the membrane was washed three times with Tris-buffered
saline with Tween 20 and incubated with the secondary
antibody working solution for 2 h at room temperature.

Flow cytometry assay
In the beginning, the number of seeded cells remained the same.
The culture time of the dosing group and the interference group
was 24–36 h and 36–48 h, respectively. Pancreatic cancer cells
were added with different concentrations of CE and small
interfering RNA and incubated for 36 h. After digestion with
trypsin, the cell suspension was extracted, centrifuged, and
the cells were resuspended with buffer. The propidium iodide
dye was added and incubated at 37°C for 30 min. Finally, the
changes cell cycle were detected by flow cytometry.

Cell viability assay
The number of cells in different groups was about 2000 per
hole. Normal cells were cultured in 96-well plates, and
different concentrations of CE were added to each well for
24, 48, and 72 h, respectively. At intervals, 5% CCK8
reagent was added. After incubation for 3–4 h, the
absorbance value (OD) was measured by an enzyme labeling
instrument. After the interference, the cells were cultured in
96 wells for different periods, and the specific CCK8
experiment was conducted as described above.

Cell healing experiment
First, 1.5–2.0 × 106 cells were added to each well in the six-well
plate for overnight culture, and then the drug was added at
different concentrations and interfering RNA for treatment
until 24 h later. Under different treatment groups, three
traces were drawn in each well with the same gun head, and
the scratch images of 0 h were observed and recorded
through an inverted microscope. Then, the scratch images at
24 h were recorded. Finally, the cell migration rates of
different groups were analyzed by image J.

Transwell migration assay
At first, 1.5–2.0 × 106 cells were seeded per well in six-well
plates and cultured for 24 h, different concentrations of CE
and interfering RNA were added, and then cultured for 24–
36 h. The cells were digested with trypsin and washed with
PBS 3–4 times to completely remove the serum. Then,
about 2 × 104 cells were transferred to the chamber and
cultured for 24–36 h. The chamber medium of the dosing
group contained different concentrations of drug CE, which
was then stained, and the pictures of migrating cells were
captured under the microscope. The number of migrating
cells was calculated by image J.

Statistical analysis
The “limma” package in R language was used for difference,
and correlation analysis, the “beeswarm” package and

Cytoscape software were used to draw honeybee map and
targeted gene matrix map, and GraphPad prism 4.0 was used
to analyze and draw the difference between the treatment
group and the control group. The sample statistics were
repeated three times for each data, and the results were based
on mean ± SD using the student t-test, one-way ANOVA, or
two-way ANOVA. P-value < 0.05 was statistically significant.

Result

Prediction of the targeted genes of CE using the PharmaMapper
tool
The 3D molecular structure related to CE was downloaded
from PubChem (https://pubchem.ncbi.nlm.nih.gov/)
database and uploaded to the PharmMapper database for
online analysis of target genes (target mRNA) bound to CE.
A total of 68 target genes were obtained (Fig. 1A).

Screening core transcription factor E2F1
PAAD-related RNA-seq sequencing data in the TCGA
database were downloaded, and 134 MND1-related genes

FIGURE 1. Screening core genes related to Columbianetin acetate
and MND1. (A) Based on the PharmMapper database, the target
genes of Columbianetin acetate were predicted. (B) Multiple gene
sets take intersections, including TargetmRNA, MND1COR, TF,
and MND1TF.
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FIGURE 2. Correlation between MND1 and E2F1. (A, B) Distribution difference of E2F1and MND1 between tumor and normal groups. (C)
Correlation linear diagram of E2F1 and MND1. (D) Difference analysis of MND1 between high and low expression groups.

FIGURE 3. MND1 mRNA expression
in pancreatic cancer cells after addition
of CE and Small interfering RNA
of E2F1 (SiE2F1). (A, B) mRNA
expression differences of E2F1 and
MND1 in NC and interference groups.
(C, D) After treatment with different
concentrations of drugs (0, 100 and
200 μM), MND1 expression level in
pancreatic cancer cells. Data were
represented as mean ± SD (*P < 0.05,
**P < 0.01, ***P < 0.001).
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(MND1COR) were screened using the “limma” package in R
language, with cor >0.4. Then, the DB database was used to
predict the transcription factor (MND1TF) of MND1; the
total transcription factor data set (TF) and a total of 97 and
318, were downloaded, respectively. Finally, the intersection
of MND1COR, TF, MND1TF, and TargetmRNA was
determined to obtain E2F1 (Fig. 1B).

Correlation between meiotic nuclear divisions 1 and E2F
transcription factor 1 in pancreatic cancer
Combining the TCGA and GTEX database, the differential
expression of MND1 and E2F1 in normal and tumor
groups, respectively, was analyzed (Figs. 2A and 2B). The
expression of MND1 and E2F1 was generally higher in
tumor groups. Online analysis of the correlation degree of
MND1 and E2F1 using the GEPIA database revealed that
E2F1 and MND1 had a high positive correlation (Fig. 2C).
At the same time, the survival differences between high and

low expression groups of MND1 were analyzed and revealed
that high expression of MND1 was unfavorable to the
prognosis of patients (Fig. 2D).

Effect of the addition of columbianetin acetate and interference
with E2F transcription factor 1 expression on meiotic nuclear
divisions 1
In pancreatic cancer cells, interference with the mRNA and
protein expression of E2F1 effectively reduced the expression
of MND1 (Figs. 3A and 3B, Figs. 4A and 4B). The addition of
different concentrations of small-molecule drug CE gradually
decreased the mRNA and protein expression of MND1 in
pancreatic cancer cells (Figs. 3C and 3D, Figs. 4C and 4D).

Effects of the interfering RNA on the expression of meiotic
nuclear divisions 1
RT-PCR and WB experiments reveal that the addition of
small interfering RNA for 24–48 h in the interference group

FIGURE 4. MND1 Protein expression in pancreatic
cancer cells after addition of CE and Small
interfering RNA of E2F1 (SiE2F1). (A, B) Protein
expression differences of E2F1 and MND1 in NC
and interference groups. (C, D) After treatment with
different concentrations of drugs (0, 100 and
200 μM), MND1 protein expression level in
pancreatic cancer cells. Data were represented as
mean ± SD (*P < 0.05, **P < 0.01).
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led to a decrease in the mRNA and protein levels of MND1
(Figs. 5A–5D).

Columbianetin acetate and decreased meiotic nuclear divisions
1 inhibit the viability of pancreatic cancer cells
Different concentrations of CE were added to 96-well plates
and cultured for 24, 48, and 72 h. CE at 100 and 200 μM
could effectively inhibit the viability of pancreatic cancer
cells over time (Figs. 6A and 6B). In the interference and
control groups, interference with the expression of MND1
could significantly inhibit the viability of pancreatic cancer
cells (Figs. 6C and 6D).

Columbianetin acetate and meiotic nuclear divisions 1 affect
the migration level of pancreatic cancer cells
After treatment with different concentrations of CE and
interfering RNA, the migration ability and number of
pancreatic cancer cells in the dosing group decreased
significantly (Figs. 7A and 7B, Figs. 8A and 8B). Similarly,
the migration level of pancreatic cancer cells in the
interference group also decreased significantly (Figs. 7C and
7D, Figs. 8C and 8D).

Columbianetin acetate and meiotic nuclear divisions 1
can effectively affect the cycle development of pancreatic cancer cells
After 36 h of treatment with different concentrations of CE
and interfering RNA, the development cycle of different
treatment groups was analyzed. The G1 phase in the cells

increased with the increase in CE concentration, and the S
phase decreased (Figs. 9A and 9B). In the interference
group, the G1 phase increased, and the S phase decreased
(Figs. 9C and 9D).

Discussion

In recent years, the mechanism of action of small-molecule drugs
on tumors has been reported to be increasingly extensive. For
example, capsaicin can regulate CDK8/PI3K/Akt/Wnt/β
catenin signaling pathway to inhibit breast cancer (Wu et
al., 2020), and curcumin inhibits the ERK/NF-κ B pathway
to thus hinder the invasion and migration of H2O2-induced
pancreatic cancer cells (Cao et al., 2016). Capsaicin and
piperine can overcome the resistance of cancer cells to
doxorubicin (Li et al., 2018). In terms of tumor immunity,
iox1 and doxorubicin are combined for antibody-
independent cancer chemotherapy immunotherapy (Liu et
al., 2021). CD11b agonists reprogram innate immunity to
sensitize pancreatic cancer immunotherapy (Panni et al.,
2019), indicating that small-molecule drugs have a broad
therapeutic prospect in the treatment of cancer.

As one of the effective components of Angelica pubescens,
although the mechanism of action on tumor cells is unclear,
CE has a high absorption rate in the small intestine and
exerts an anti-inflammatory effect (Yang et al., 2008; Hou et
al., 2020; Ge et al., 2019; Yang et al., 2019), which lays a
foundation for the treatment of tumor cells. Recently,

FIGURE 5. After small interfering RNA treatment, the
mRNA and protein expression of mnd1 were different.
A–D mRNA (A, B) and protein (C, D) expression
levels. Data were represented as mean ± SD (*P <
0.05, **P < 0.01, ***P < 0.001).
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MND1 was found to be closely related to the prognosis of lung
adenocarcinoma and promote the further occurrence and
development of lung adenocarcinoma cells (Zhang et al.,
2021; Wei et al., 2021). However, the specific impact on
pancreatic cancer is not yet clear. Similarly, in pancreatic
cancer, the regulatory relationship between CE and MND1
is not clear. Therefore, in this study, we mainly discussed
the regulatory relationship between CE and MND1 and the
specific effects on pancreatic cancer cells.

The regulatory relationship between CE and MND1 in
pancreatic cancer was further explored at both bioinformatics
and cellular level. We used the PharmMapper database to
predict the target mRNA. At the same time, we downloaded
and predicted TF and MND1TFin the DB database. Then,
using the RNA-seq sequencing data of PAAD in TCGA, we
screened the MND1COR gene set. Taking the intersection of
the above four data sets, we found that E2F1 is not only the
transcription factor related to MND1 but also the CE binding
target gene. E2F1 can regulate the expression of MND1 in
lung adenocarcinoma (Zhang et al., 2021). In pancreatic
cancer, MND1 and E2F1 are highly expressed in the tumor
group, and there is a high positive correlation between
MND1 and E2F1, indicating that E2F1 may regulate the

expression of MND1 in pancreatic cancer, while there is a
binding effect between E2F1 and CE. To further verify if CE
may inhibit the expression of MND1 by binding E2F1, we
blocked the expression of E2F1 through interfering RNA
and found a significant decrease in the expression of
MND1. The above findings greatly indicate that CE may
bind with E2F1 to regulate the expression of MND1. In the
cell experiment, the expression of MND1 decreased CE
was added at different concentrations. Later, CCK8, cell
healing, transwell migration, and flow cytometry tests
revealed that CE could effectively reduce the proliferation,
migration, and cycle progression of pancreatic cancer cells.
The same experimental results were also observed after
interfering with the expression of MND1. These findings
suggest that CE may inhibit the occurrence and
development of pancreatic cancer by down-regulating
MND1 expression.

In conclusion, bioinformatics and cell-level studies
revealed that CE could inhibit the proliferation, migration,
and cycle progression of pancreatic cancer cells by
downregulating the expression of MND1. CE and MND1
can be used as potential therapeutic molecules and early
prognostic markers for pancreatic cancer cells.

FIGURE 6. Based on CCK8 assay, effects of CE and MND1 on the proliferation of pancreatic cancer cells. (A, B) Different drug treatment
groups. (C, D) MND1 interference group. Data were represented as mean ± SD (*P < 0.05, **P < 0.01, ***P < 0.001).
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FIGURE 7. Through the use of wound
healing experiment, CE and MND1
regulate the motility of pancreatic cancer
cells. (A, B) Different concentrations of CE
treatment groups. (C, D) Interference
group of MND1. Data were represented as
mean ± SD (*P < 0.05, **P < 0.01).
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FIGURE 8. Effects of CE and MND1
on the migration ability of pancreatic
cancer cells. (A, B) Different CE
concentration groups. (C, D) MND1
down-regulation group. Data were
represented as mean ± SD (**P <
0.01, ***P < 0.001).
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