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Purpose: Kanglaite injection (KLTi), made of Coix seed oil, has been shown to be effective in the treatment of numerous cancers.
However, the anticancer mechanism requires further exploration. This study aimed to investigate the underlying anticancer mechan-
isms of KLTi in triple-negative breast cancer (TNBC) cells.

Methods: Public databases were searched for active compounds in KLTi, their potential targets and TNBC-related targets. KLTi’s
core targets and signaling pathways were determined through compound-target network, protein—protein interaction (PPI) network,
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis. Molecular docking was
carried out to predict the binding activity between active ingredients and key targets. In vitro experiments were conducted to further
validate the predictions of network pharmacology.

Results: Fourteen active components of KLTi were screened from the database. Fifty-three candidate therapeutic targets were
selected, and bioinformatics analysis was performed to identify the top two active compounds and three core targets. GO and
KEGG enrichment analyses indicated that KLTi exerts therapeutic effects on TNBC through the cell cycle pathway. Molecular docking
results showed that the main compounds of KLTi exhibited good binding activity to key target proteins. Results from in vitro
experiments showed that KLTi inhibited proliferation and migration of TNBC cell lines 231 and 468, induced apoptosis, blocked cells
in the G2/M phase, downregulated the mRNA expression of seven G2/M phase-related genes cyclin-dependent kinase 1 (CDK1),
cyclin-dependent kinase 2 (CDK2), and checkpoint kinase 1 (CHEK1), cell division cycle 25A (CDC25A), cell division cycle 25B
(CDC25B), maternal embryonic leucine zipper kinase (MELK), and aurora kinase A (AURKA), as well as downregulated CDK1
protein expression and up-regulated protein expression of Phospho-CDK1.

Conclusion: By utilizing network pharmacology, molecular docking, and in vitro experiments, KLTi was confirmed to have anti-
TNBC effects by arresting cell cycle and inhibiting CDK1 dephosphorylation.

Keywords: Kanglaite injection, triple-negative breast cancer, network pharmacology, cell cycle, CDK1

Introduction

With approximately 2.3 million new cases in 2020, breast cancer (BC) has become the most commonly diagnosed cancer
worldwide.! Simultaneously, the mortality rate of BC is increasing annually, accounting for approximately 6.9% of all
cancer-related deaths.'* Triple-negative breast cancers (TNBCs) are defined as tumors lacking the expression of estrogen
receptors (ER), progesterone receptors (PR), and human epidermal growth factor receptor-2 (HER2), and account for 15—
20% of all BCs.> As an aggressive disease, TNBC is characterized by high recurrence and metastasis rates, short

survival, and afflicts younger women.® Treatment options are limited; chemotherapy remains the first choice for patients
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with advanced TNBC with severe side effects and prevalent drug resistance. For this reason, alternative treatment options
for TNBC need to be identified.

Kanglaite injection (KLTi) is mainly composed of Coix seed oil, which is extracted from the Coix seed, and KLTi was
approved by the National Medical Products Administration in 2010 (National Medical License No.: Z14021231). KLTi
has been used clinically to treat numerous cancers, including non-small cell cancer,’ gastric cancer,® pancreatic cancer,”
and BC.'™!"" Preclinical studies have identified that KLTi exerts antitumor effects by regulating the PI3K/AKT/mTOR
signaling pathway and the miR-205/S1PR1 axis.'*'® However, the exact anti-tumor mechanisms are still not fully
understood and deserve further exploration.

Bioinformatics databases serve as the basis for network pharmacology, which attempts to systematically explain the
mechanisms of action of traditional Chinese medicine (TCM) through network analysis of drugs, genes, compounds, and
diseases.'* Network pharmacology operates by finding the active ingredients of drugs, predicting their targets, and then
combining them with disease targets to build a visualized “drug-target-disease” network.'> On this basis, multiple
possible targets and pathways for drug action in diseases are further explored. The study of multi-target pathways is at
the core of network pharmacology and is currently used to study the mechanism of action of herbal medicines, their
compounding, and the development of new drugs, especially in cancer therapy.'® To our knowledge, there have been no
studies using network pharmacology to study the molecular mechanism of KLTi in TNBC.

Therefore, we used a network pharmacology approach to predict the mechanism of the anti-TNBC effect of KLTi.
Subsequently, we performed molecular docking validation and in vitro experiments to evaluate the anti-TNBC effect of
KLTi and initially validated its molecular mechanism of action. The flow chart of the study is shown in Figure 1. This
study aimed to explore the anti-TNBC effect of KLTi from another perspective and to elucidate its mechanisms.

Materials and Methods

Searching for Active Compounds and Potential Targets of KLTi

The active components of KLTi were identified by a literature review.'>'” We then identified the total chemical
composition of Coix lacryma-jobi, the main component of KLTi, from the Traditional Chinese Medicine Database and
Analysis Platform (TCMSP) (https://tcmsp-e.com/tcmsp.php) and selected the active compounds based on the ADME

(absorption, distribution, metabolism, and excretion) screening principle.'® Since KLTi is administered intravenously,
screening for oral bioavailability (OB) specific to oral drugs is not required, and the condition of drug-likeness (DL) was
set at >0.18."

We obtained the canonical simplified molecular input line entry specification (SMILES) of active compounds from
the PubChem database (https://pubchem.ncbi.nlm.nih.gov/). The SMILES were inputted into the Swiss Target Prediction
database (http://swisstargetprediction.ch/) for potential targets, which were screened out with a probability >0." The

information of compounds was also inputted into DrugBank (https://go.drugbank.com/) and TargetNet (http://targetnet.

scbdd.com/) to obtain more potential targets.”*! The predicted multi-target information of the compounds and the
obtained data were used to construct a compound-target network using Cytoscape 3.9.1.> The nodes in this network
represent the active compounds and targets of KLTi, and the edges illustrate the interactions and internal relationships
between the active compounds and targets.

|dentification of TNBC-Related Targets
Using the GEO database (https://www.ncbi.nlm.nih.gov/geo),”® differentially expressed genes (DEGs) were identified in

cancerous and healthy tissue of TNBC patients by searching “triple negative breast cancer” or “TNBC” as keywords, and
screening “Homo sapiens” and “Expression profiling by array” as qualifiers. The dataset GSE38959 was selected and
analyzed using GEO2R. The DEGs of TNBC were selected based on adjusted p-value <0.05 and |log2FC[>1.

Potential Targets of KLTi for the Treatment of TNBC

Venny 2.1.0 (https://bioinfogp.cnb.csic.es/tools/venny/index.html) was used to screen for overlapping KLTi compound

targets and TNBC-related targets. The overlapping genes were used to construct networks and perform additional
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Figure | The flow chart of the study.

analyses. Cytoscape 3.9.1 was used to construct a compound-target network of KLTi against TNBC. The relationships
between compounds and targets were analyzed based on Cytoscape’s built-in network analysis tool, focusing on the
degree of connectivity. The higher the degree value, the higher the importance of biological function.

Protein—Protein Interaction (PPl) Data
The analysis was performed using overlapping genes in the STRING database (https://cn.string-db.org, version 11.5,

updated August 12, 2021) to clarify the interaction relationships between the functional proteins.** We set the screening
criteria as “Homo sapiens” and “medium confidence” and hid disconnected nodes in the network to obtain the PPI
network. The TSV format files downloaded from the STRING database were then imported into Cytoscape 3.9.1. The
key topological parameter, degree, describes the most important nodes in the network; higher quantized values of
topological parameters indicate a greater importance of nodes.

Pathway Enrichment Analysis
The Gene Ontology Consortium (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses of overlapping
genes were performed using Metascape (https:/metascape.org/).”> 2’ GO analysis of biological processes (BP), mole-

cular function (MF), cellular component annotation (CC), and enrichment analysis of KEGG pathways were performed
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based on p-values <0.05. Twenty GO and KEGG processes with significant differences were screened out, and the results
were visualized and analyzed using the bioinformatics website (http://www.bioinformatics.com.cn/).

Molecular Docking
The main active components of KLTi were chosen for molecular docking of the core targets. Molecular structures of the
active ligand components are available at PubChem (http://pubchem.ncbi.nlm.nih.gov/). The Protein Data Bank (PDB)

database (https://www.rcsb.org/)*® was used to obtain 3D structure formats for the targets. Protein dehydration and ligand

removal were performed using PyMOL 2.5 software (Schrodinger, USA). Target protein hydrogenation and charge
calculations were performed using AutoDock4.2.6 (Scripps Research, USA), and docking was performed using
AutoDockTools 1.5.7 (Scripps Research, USA). Visualization of docking results was performed using PyMOL 2.5
(Schrodinger, USA).

Cell Lines and Reagents
Human TNBC cell lines MDA-MB-231 (231) and MDA-MB-468 (468) were obtained from the Cell Bank of the Chinese
Academy of Sciences (China) and were maintained in Dulbecco’s modified eagle medium (BI, USA) supplemented with
10% fetal bovine serum (BI, USA) and 1% penicillin-streptomycin solution (100%, Beyotime, China) and incubated at
37°C in a humidified incubator containing 5% carbon dioxide. KLTi was purchased from Zhejiang Kanglaite
Pharmaceutical Co., Ltd (China).

Cell Viability Assay

Enhanced Cell Counting Kit-8 (CCK-8) (Beyotime, China) was used to measure cell viability, and 231 and 468 cell
suspensions were seeded in 96-well plates at 2000 cells per well with 100 ul and incubated for 24 h. Cells were then
treated with KLTi (0, 125, 250, 500, and 1000 ug/mL) and incubated at 37°C for 48 or 72 h. Afterwards, an absorbance
measurement at 450 nm (BIO-TEK, Synergy H1, USA) was performed after cells were incubated with CCK-8 medium
for 1 h. The experiments were performed in triplicate.

Colony Formation Assay

Suspensions of 231 and 468 cells were inoculated into 6-well plates at a density of 1000 cells/well. The cells were treated
with different doses of KLTi. After 10 days of incubation, when the colonies contained more than 50 cells, the plates
were washed three times with phosphate-buffered saline (PBS), then fixed with paraformaldehyde and stained with
crystal violet. Colonies were counted using a microscope (Olympus CKXS53, Olympus Corporation, Japan), and
photographs of the whole plate were taken.

Wound Healing Assay

Suspensions of 231 and 468 cells were seeded into 6-well plates. The tips of 1-mL blue pipette tips were used to scratch
90% confluent cell monolayers. KLTi was subsequently added at different concentrations for further incubation. Images
were recorded under a microscope (Olympus CKXS53, Olympus Corporation, Japan) at 0, 24 and 48 h after scratching.
Wound closure was measured using ImageJ software.

Cell Apoptosis Assay

Cell apoptosis was detected using an Annexin V-FITC Apoptosis Detection Kit (Beyotime, China). Briefly, 231 and 468
cell suspensions were seeded into 6-well plates and preincubated for 24 h. The cells were then treated with different
doses of KLTi and incubated for another 48 h at 37°C. Then, a 20-minute incubation with annexin V-FITC and propidium
iodide was performed on the cells. Apoptosis was assessed by flow cytometry (CytoFlex; Beckman Coulter, USA).

Cell Cycle Analysis
Cell cycle analysis was performed using a Cell Cycle and Apoptosis Analysis Kit (Beyotime, China). Cells were
collected after treatment with different concentrations of KLTi and fixed with 70% ethanol at 4°C for 24 h. Cell samples

904 https: Drug Design, Development and Therapy 2023:17

Dove!


http://www.bioinformatics.com.cn/
http://pubchem.ncbi.nlm.nih.gov/
https://www.rcsb.org/
https://www.dovepress.com
https://www.dovepress.com

Dove Zhao et al

were then stained with propidium iodide staining solution and incubated in the dark for 30 minutes at 37°C. The cell
cycle was detected by flow cytometry. The proportions of each phase cells were calculated by Modfit software (version
5.0; Verity Software House, USA).

Quantitative Real-Time Polymerase Chain Reaction (RT-PCR)

Total RNA was extracted from TNBC cells using the TRIzol reagent (Beyotime, China). cDNA was obtained using
premixed reverse transcription reagents. An RT-PCR system (CFX96; Bio-Rad, Hercules, USA) was used to amplify
cDNA to compare gene expression between groups. All reactions were performed in triplicate. The sequences of the
primers used are listed in Table 1.

Western Blot

Cellular protein samples were extracted using RIPA lysis buffer. After quantification with the BCA Protein Assay Kit
(Beyotime, China), the concentration of each sample was adjusted. Samples were mixed with SDS-PAGE protein loading
buffer and stored at —20°C. The mixed samples were electrophoresed with 120V for 1h and transferred to a 0.45-um poly
vinylidene fluoride membrane. Then, the membrane was blocked and incubated with primary antibody for 12h (4°C),
followed by secondary antibody incubation for 1h and detection (ChemiDoc MP; Bio-Rad, USA). The antibodies used in
this study were B-actin rabbit monoclonal antibody (AF5003, Beyotime, China), CDK1 rabbit polyclonal antibody
(AF0111, Beyotime, China), Phospho-CDK1 (pCDK1, Tyr15) rabbit polyclonal antibody (AF5761, Beyotime, China),
and HRP-labeled goat anti-rabbit IgG (H+L) (A0208, Beyotime, China).

Statistical Analysis

Statistical analyses were performed using the GraphPad Prism (version 8.0; GraphPad Software, USA) software. All
quantitative data were obtained from three different samples, representing at three independent experiments, and
presented as mean + standard deviation (SD). The data distribution was evaluated using Shapiro—Wilk test and QQ
plot. The results conforming to normal distribution were analyzed using #-tests or one-way ANOVA tests followed by
Dunnett’s multiple comparison test. The values of p < 0.05 (*) or p < 0.01 (**) represented significant difference and
very significant difference, respectively.

Results

Active Compounds and Potential Targets of KLTi

A total of 38 compounds of KLTi were screened based on previous publications and the TCMSP database. Candidate
compounds with DL >0.18 were included in the study (18 active ingredients). Among them, four active compounds had
DL >0.18, but their molecular formula was not clear. Finally, the information of the 14 compounds was inputted into the
Swiss Target Prediction database, DrugBank and TargetNet to obtain the predicted targets. The general information,

Table | The Sequences of the Gene Primers

Gene Forward Reverse

CDKI AAACTACAGGTCAAGTGGTAGCC TCCTGCATAAGCACATCCTGA
CDK2 CCAGGAGTTACTTCTATGCCTGA TTCATCCAGGGGAGGTACAAC
CHEK ATATGAAGCGTGCCGTAGACT TGCCTATGTCTGGCTCTATTCTG
CDC25A GTGAAGGCGCTATTTGGCG TGGTTGCTCATAATCACTGCC
CDC25B ACGCACCTATCCCTGTCTC CTGGAAGCGTCTGATGGCAA
MELK TCTCCCAGTAGCATTCTGCTT TGATCCAGGGATGGTTCAATAGA
AURKA GAGGTCCAAAACGTGTTCTCG ACAGGATGAGGTACACTGGTTG
GAPDH GGAGTGAGTGGAAGACAGAATGGAAG CCTACAGCAGAGAAGCAGACAGTTATG

Abbreviations: CDK|, cyclin-dependent kinase |; CDK2, cyclin-dependent kinase 2; CHEK I, checkpoint kinase |; CDC25A,
cell division cycle 25A; CDC25B, cell division cycle 25B; MELK, maternal embryonic leucine zipper kinase; AURKA, aurora
kinase A.
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including molecule name, molecular formula, and SMILES information of the 14 compounds is shown in Supplementary
Table S1, and the compound-target network diagram of the 14 compounds and 281 predicted targets is shown in Figure 2.
There were 295 nodes (14 compounds and 281 targets) and 691 edges in the network, representing the relationship
between compounds and targets.

TNBC-Related Targets

The GSE38959 in the GEO database, including total RNA expression data which was analyzed with “Agilent-014850
Whole Human Genome Microarray 4x44K G4112F” from 30 TNBC tumor tissues and 13 normal mammary gland ductal
tissues, was selected to identify related targets. A total of 3593 DEGs, including 2469 upregulated genes and 1124
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Figure 3 The DEGs in TNBC. (A) The volcano map of DEGs in TNBC; (B) the heat map of DEGs in TNBC.
Abbreviations: T, tumor tissue; N, normal tissue; DEGs, differentially expressed genes; TNBC, triple-negative breast cancer.

downregulated genes, were screened under the conditions of [log2FC|>1 and adjusted p-value <0.05. The volcano and
heat maps are shown in Figure 3A and B, respectively.

Candidate Targets for KLTi Treatment of TNBC

The DEGs and target genes of KLTi were merged using Venny 2.1.0, and 53 overlapping genes were considered
candidate targets, as shown in Figure 4A. Based on these genes, a compound-target network was constructed (Figure 4B),
the nodes represented compounds or targets, and edges represented interaction relationships. The network contains 67
nodes (14 compounds and 53 targets) and 133 edges. The top four key active compounds in KLTI were isoarborinol,
sitosterol alphal, omaine and mandenol, with the highest degree values of 20, 20, 17, and 16, respectively.

PPl Network Construction and Analysis

The 53 overlapping genes were subjected to STRING to obtain the PPI data. A network was constructed and visualized
using Cytoscape. As shown in Figure 4C, the PPI network comprised 45 nodes and 169 edges. A higher degree indicates
a larger node size; red indicates the highest degree, and pink indicates the lowest degree. The top three nodes based on

@ Targets DEGs

Figure 4 Continued.
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Figure 4 The candidate targets for Kanglaite injection treatment of TNBC. (A) Venn diagram of compound targets and DEGs; (B) compound-target network of Kanglaite
injection against TNBC; (C) PPl network diagram of candidate genes.

Abbreviations: TNBC, triple-negative breast cancer; DEGs, differentially expressed genes; (6Z,10E,14E,18E), (6Z,10E,14E,18E)-2,6,10,15,19,23-hexamethyltetracosa
-2,6,10,14,18,22-hexaene; [(2R)-2,3-dihydroxypropyl], [(2R)-2,3-dihydroxypropyl] (Z)-octadec-9-enoate; PPI, protein—protein interaction.
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degree values were cyclin-dependent kinase 1 (CDK1), cyclin-dependent kinase 2 (CDK2), and checkpoint kinase 1
(CHEK1), which may play a key role in the PPI network against TNBC.

Potential Pathways of KLTi

Fifty-three overlapping genes were entered into the Metascape system for the GO and KEGG pathway analyses. GO
analysis revealed targets related to biological processes, cellular components, and molecular functions associated with
KLTi treatment. Based on p-values <0.05, 365 enriched biological processes were identified, of which the first five were
protein phosphorylation, intracellular receptor signaling pathway, G2/M transition of mitotic cell cycle, cell cycle G2/M
phase transition, and regulation of G2/M transition of mitotic cell cycle (Figure 5A). The targets and rankings of cell
components and molecular functions are shown in Figure 5B and C, respectively. In addition, we performed KEGG
pathway analysis and identified 56 pathways based on p-value <0.05, including pathways in cancer, cell cycle,
progesterone-mediated oocyte maturation, viral carcinogenesis and oocyte meiosis (Figure 5D).

Molecular Docking and Analysis

Based on the PPI network and the results of the pathway enrichment analyses, the top three targets, CDK1, CDK2, and
CHEK1 were selected for molecular docking. The binding energies of the KLTi components with the targets are shown in
Table 2 and Supplementary Table S2. It is generally believed that the binding capacity is stronger when the binding
energy is lower than —5 kcal/mol. Eight of the 14 KLTi compounds had binding energies less than —5 kcal/mol to CDK1,
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Figure 5 The potential pathways of Kanglaite injection. (A) GO biological processes; (B) GO cell components; (C) GO molecular functions; (D) KEGG pathway of KLTi.
Abbreviations: GO, Gene Ontology Consortium; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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Table 2 The Binding Energy of the Main Active Compounds to the Targets

Target CDKI (PDB ID:6GU2) | CDK2 (PDB ID:7VDU) | CHEKI (PDB ID:2YEX)
Active (kcal/mol) (kcal/mol) (kcal/mol)
Compound
Isoarborinol —6.99 -8.27 —6.56
Sitosterol alphal —6.45 -9.18 —6.67

Abbreviations: CDKI, cyclin-dependent kinase |; CDK2, cyclin-dependent kinase 2; CHEKI, checkpoint kinase |.

CDK2, and CHEKI, which implies that these compounds have good affinity to the targets. The docking results of
sitosterol alphal and isoarborinol, the two active ingredients with the highest drug-like properties and the highest degree
values, with the three main targets CDK1, CDK2 and CHEKI1 are shown in Figure 6 and Supplementary Table S3. The
pink structures represent the compound ligands, blue-green-red structures represent the residues attached to the ligand on

the target protein, and the yellow dashed lines represent attached hydrogen bond.

KLTi Suppresses TNBC Cell Proliferation and Migration

CCK-8 assays were performed to determine the anticancer effects of different concentrations of KLTi on 231 and 468
cells for 48 and 72 h. As shown in Figure 7A, KLTi significantly decreased the viability of 231 and 468 cells in time- and
dose-dependent manner. The IC50 values of KLTi in 231 cells were 547.1 ug/mL and 304.9 ug/mL, and 553.9 ug/mL and
323.7 ug/mL in 468 cells for 48 and 72 h, respectively. Subsequently, concentrations of 0, 250 and 500 ug/mL were
selected for further studies. The results of colony formation assays showed that the number of cell colonies decreased
with increasing KLTi concentration, as shown in Figure 7B, which also indicated that KLTi could inhibit TNBC cell
proliferation. In addition, KLTi significantly inhibited TNBC cell migration (Figure 7C).

KLTi Induces Apoptosis and Cell Cycle Arrest

After 48 h of incubation, the apoptosis of 231 and 468 cells significantly increased with increasing KLTi concentrations,
as shown in Figure 8A. Cell cycle analysis indicated that KLTi treatment induced G2/M phase arrest in 231 and 468 cells
(Figure 8B).

Cell Cycle Arrest Mechanism Plays an Important Role in the Inhibition of KLTi on
TNBC

Cell cycle genes were identified by GO-BP analysis and validated in vitro by RT-PCR as shown in Figure 9. The
mRNA expression of CDK1, CDK2, CHEKI, cell division cycle 25A (CDC25A), cell division cycle 25B (CDC25B),

CDK1 CDK2 CHEKI1
T
isoarborinol AT\E CZ).?
. <%
GRS %

Sitosterol alphal

Figure 6 Molecular docking of compounds with targets.
Abbreviations: CDKI, cyclin-dependent kinase |; CDK2, cyclin-dependent kinase 2; CHEKI, checkpoint kinase I.
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Figure 7 Kanglaite injection inhibits the growth of TNBC cells in vitro. (A) KLTi shows a dose- and time-dependent effect on the viability of TNBC cells; (B) KLTi shows
a dose-reduced colony formation in TNBC cells; (C) KLTi shows the ability to inhibit the migration of TNBC cells. (ns, not significant *p < 0.05, **p < 0.01, vs 0 Group).
Abbreviations: KLTi, Kanglaite injection; TNBC, triple-negative breast cancer; ns, no significance.
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Figure 8 Kanglaite injection induces apoptosis and arrests the cell cycle at the G2/M phase in TNBC cells. (A) KLTi induced MDA-MB-231 and MDA-MB-468 cells
apoptosis; (B) KLTi arrested MDA-MB-231 and MDA-MB-468 cells in the G2/M phase. (**p < 0.0l vs 0 Group).
Abbreviations: KLTi, Kanglaite injection; TNBC, triple-negative breast cancer.

maternal embryonic leucine zipper kinase (MELK), and aurora kinase A (AURKA) (G2/M phase-related genes by GO
BP and KEGG analysis) were down-regulated in cancer cells after the treatment with KLTi. Western blot was used to
detect the levels of CDK1 and pCDK1, which are proteins known to play important roles in cell cycle progression. The
results showed that KLTi downregulated the expression of CDKI1 and upregulated the expression of pCDKI1
(Figure 10).

Discussion

The advent of the big data era and the development of bioinformatics methods have provided tremendous assistance in
the discovery of antitumor drugs through network pharmacology.”” The core principle of network pharmacology is to
examine the biological pathways of medicinal compounds from a network perspective to predict the desired targets.*®!
In this study, a network pharmacology approach, molecular docking and in vitro experimental validation were utilized to
reveal the bioactive compounds and molecular mechanisms of KLTi in the treatment of TNBC. A total of 14 active
compounds, 281 KLTi targets, and 3593 therapeutic targets for TNBC were selected from public databases, and 53
candidate targets of KLTi for TNBC treatment were identified by searching for intersections between targets. The
compound-target network demonstrated that isoarborinol and sitosterol alphal were the two most active compounds. The
PPI network showed the interaction of the proteins, suggesting that CDK1, CDK2, and CHEK1 may play a key role in
the action of KLTi on TNBC. GO enrichment analyses annotated the biological functions of targets in three aspects: BP,
CC and MF. KEGG pathway analysis identified 56 pathways based on p-value <0.05, and the most important cancer-
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Figure 9 The mRNA expression of G2/M-related genes after treatment with Kanglaite injection. The mRNA expressions of CDKI, CDK2, CHEKI, CDC25A, CDC25B,
MELK and AURKA are downregulated in MDA-MB-231 and MDA-MB-468 cells after treatment with Kanglaite injection. (**p < 0.0l vs 0 Group).

Abbreviations: CDK|, cyclin-dependent kinase |; CDK2, cyclin-dependent kinase 2; CHEK I, checkpoint kinase |; CDC25A, cell division cycle 25A; CDC25B, cell division
cycle 25B; MELK, maternal embryonic leucine zipper kinase; AURKA, aurora kinase A.
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Figure 10 Protein expression in MDA-MB-23| and MDA-MB-468 cells after Kanglaite injection intervention. Kanglaite injection upregulates pCDKI (Tyr|5) and down-
regulates CDK| expression. (*p < 0.05, **p < 0.0l vs 0 Group).
Abbreviations: CDKI, cell cycle protein-dependent kinase |; pCDKI, phospho-cell cycle protein-dependent kinase .

related pathway was cell cycle. Molecular docking results showed that the important compounds combined well to the
target proteins. The results of cell experiments confirmed that KLTi blocks cell cycle progression and induces apoptosis
of TNBC cells by downregulating the expression of cell cycle-related genes (CDK1, CDK2, CHEKI1, CDC25A,
CDC25B, MELK, and AURKA) and preventing the activation of CDK1 dephosphorylation.

TNBC has the worst prognosis of all BC subtypes, with a recurrence rate of more than 50% in the first 3—5 years after
diagnosis and a median survival of approximately 10.2 months.**** Due to the lack of relevant receptor markers, patients
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cannot benefit from endocrine or HER2-targeting drugs. Less than 30% of TNBC patients achieve a complete response
with standard chemotherapy regimens, such as taxanes or anthracyclines.® Therefore, therapeutic agents for TNBC have
become a popular research topic. KLTi is mainly composed of Coix seed extract. This seed has been reported to have
anti-allergic, anti-inflammatory, antioxidant, hypolipidemic, and anti-tumor effects.** " Clinical application of KLTi in
the treatment of BC has revealed that patients who receive combined chemotherapy demonstrated improved levels of
T cell subsets, quality of life, and enhanced immune function.'®!'" However, there are currently no clinical data on KLTi
in TNBC patients. A preclinical study found that KLTi can inhibit tumor growth in a TNBC mouse model, exerting an
anti-TNBC effect by interfering with the miR-205/S1PR1 axis, regulating sphingomyelin metabolism, and partially
affecting the downstream STAT3/MAPK/AKT signaling pathway.'® The active compound sitosterol alphal is converted
from sterols. Sterols are essential in eukaryotes and participate in cell membrane function and signal transduction.® *
However, its significance in specific diseases has not yet been revealed, and further research is pending. Isoarborinol,
another active compound, was first isolated from higher plants in the 1960s, and research on its function remains non-
existent.*! Both this study and previous studies have selected it as the anticancer active compound of KLTi. We believe
that isoarborinol is worthy of further study.

The PPI results suggested that CDK1, CDK2 and CHEK1, especially CDK1, may play a key role in the anti-TNBC
process. KEGG analysis showed that cancer pathways and cell cycle signaling pathways exhibit the highest number of
genes enriched in tumor-associated signaling pathways and play a key role in the action of KLTi on TNBC. Molecular
docking results showed that the main active compounds of KLTi were able to successfully dock with CDK 1, CDK2, and
CHEKI1 with strong affinity. The CCK-8 assay, colony formation assay, wound healing assay, and cell apoptosis assay
were performed to demonstrate that KLTi inhibited TNBC cell line proliferation, migration, and induced apoptosis. Cell
cycle analysis, RT-PCR, and Western blot were performed to reveal that KLTi caused TNBC cell lines to be arrested in
G2/M phase by affecting the expression of CDK1, CDK2, CHEK1, CDC25A, CDC25B, MELK, and AURKA genes.
These results suggested that KLTi exerts therapeutic effects on TNBC by affecting cell cycle.

Cell cycle therapy for tumors has received considerable attention in recent years. Under physiological conditions, the
normal cell cycle is regulated by several factors such as cell cycle protein-dependent kinase (CDK), cell cycle proteins,
and CDK inhibitors.*** Aberrant activity of the core cell cycle machinery is seen in essentially all tumor types and is
a driver of tumorigenesis, as well as in TNBC.***> CDK1 and related molecules play a major role in the cell cycle, and
CDKI1 expression is upregulated in many human cancers.***® The CDKl-cyclin Bl complex (M-phase promoter) is
necessary for transitioning from S to G2/M in the cell cycle.*’ By phosphorylation of the Thr161 amino acid activation
site and dephosphorylation of the Thr14/Tyrl5 amino acid inhibition site, CDK1 is activated. In the G2 phase, Weel
kinase phosphorylates Thr14 and Tyrl5 of CDKI to inactivate it, allowing the continuous accumulation of CDK-
cyclinBI. In the M phase, decreased Weel activity and CDC25 contribute to CDK dephosphorylation and CDK1
activation.*”>® This process is aberrantly enhanced in malignant tumors. In this study, we demonstrated by RT-PCR
that the expression of G2/M-related genes, including CDK2, CHEK1, CDC25A, CDC25B, MELK, and AURKA, which
play roles in dephosphorylation or phosphorylation of CDKI1, were downregulated in TNBC cell lines after KLTi
intervention. Western blot analysis showed that the expression of pCDK1 (Tyrl5) was increased, and the expression
of CDK1 was decreased. In the presence of reduced total protein CDKI1 expression, pCDKI1 expression was still
increased, probably because the pCDK1 dephosphorylation process was disturbed. These findings suggest that KLTi
may affect the dephosphorylation and activation of CDK1 in the G2/M phase, thereby blocking 231 and 468 cells in the
G2/M phase, inhibiting proliferation, and inducing apoptosis in TNBC cells, which warrants further investigation.

The small sample size is one of the limitations of this study. Secondly, cell cycle target proteins were not knocked out or
overexpressed to determine whether they were important targets of KLTi. Thirdly, there is a lack of animal experiments to
demonstrate the anti-TNBC effects of KLTi in vivo. Fourthly, the upstream and downstream targets of CDK1, such as Weel
and CDC25, and their interactions with CDK1 should be further investigated. Last but not least, well-designed RCTs can help
to provide key clinical information and provide a stronger rationale for the clinical use of KLTi in the treatment of TNBC.
Therefore, more experiments are needed to further explore the role of KLTi in TNBC treatment and clarify its mechanism.
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Conclusions

In this study, network pharmacology, molecular docking technology and in vitro experiments were performed to prove
that KLTi can prevent cell cycle progression by inhibiting cell cycle gene expression and CDK1 dephosphorylation
activation, thus achieving an anti-TNBC effect.

Abbreviations

BC, breast cancer; TNBC, triple-negative breast cancer; KLTi, Kanglaite injection; TCM, traditional Chinese medicine;
TCMSP, Traditional Chinese Medicine Database and Analysis Platform; ADME, absorption, distribution, metabolism
and excretion; OB, oral bioavailability; DL, drug-likeness; SMILES, simplified molecular input line entry specification;
DEGs, differentially expressed genes; PPI, protein—protein interaction; GO, Gene Ontology Consortium; KEGG, Kyoto
Encyclopedia of Genes and Genomes; BP, biological processes; MF, molecular functions; CC, cellular component; PDB,
Protein Data Bank; 231, MDA-MB-231; 468, MDA-MB-468; CCK-8, Cell Counting Kit-8; RT-PCR, Quantitative Real-
Time Polymerase Chain Reaction; WB, Western Blot; SD, standard deviation; CDK1, cyclin-dependent kinase 1; CDK2,
cyclin-dependent kinase 2; CHEK 1, checkpoint kinase 1; CDC25A, cell division cycle 25A; CDC25B, cell division cycle
25B; MELK, maternal embryonic leucine zipper kinase; AURKA, aurora kinase A.
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