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Background: Breast cancer is a highly malignant tumor that affects a large number of women worldwide. Sesamol, a natural 
compound, has been shown to exhibit inhibitory effects on various tumors, including breast cancer. However, the underlying 
mechanism of its action has not been fully explored. In this study, we aimed to investigate the effect of sesamol on the transcriptome 
of MCF-7 breast cancer cells, in order to better understand its potential as an anti-cancer agent.
Methods: The transcriptome profiles of MCF-7 breast cancer cells treated with sesamol were analyzed using Illumina deep-sequencing. 
The differentially expressed genes (DEGs) between the control and sesamol-treated groups were identified, and GO and KEGG pathway 
analyses of these DEGs were conducted using ClueGO. Protein–protein interaction (PPI) network of DEGs was mapped on STRING 
database and visualized by Cytoscape software. Hub genes in the network were screened by Cytohubba plugin of Cytoscape. Prognostic 
values of hub genes were analyses by the online Kaplan–Meier plotter and validated by qRT-PCR in MCF-7 cells.
Results: The results of the study showed that sesamol treatment had a significant effect on the transcriptome of MCF-7 cells, with 
a total of 351 DEGs identified. Functional enrichment analyses of DEGs revealed their involvement in extracellular matrix (ECM) 
remodeling, fatty acid metabolism and monocyte chemotaxis. The protein–protein interaction (PPI) network analysis of DEGs resulted 
in the identification of 10 hub genes, namely IGF2, MMP1, MSLN, CXCL10, WT1, ITGAL, PLD1, MME, TWIST1, and FOXA2. 
Survival analysis showed that MMP1 and ITGAL were significantly associated with overall survival (OS) and recovery-free survival 
(RFS) in breast cancer patients.
Conclusion: Sesamol may play important roles in extracellular matrix (ECM) remodeling, fatty acid metabolism and cell cycle of MCF-7.
Keywords: breast cancer cells, sesamol, transcriptome, differentially expressed genes, GO and KEGG pathway analyses

Introduction
Breast cancer is the most frequently diagnosed cancer in women worldwide, accounting for 25.8% of all new cancer 
cases in 2020.1 Several studies have shown that the incidence of breast cancer is closely related to diet, particularly 
dietary pattern.2,3 For example, dietary antioxidants have been shown to regulate oxidative stress in the body,4 with 
higher antioxidant intake associated with lower risk of breast cancer.5

Sesamol is the main aroma components and quality stabilizer of sesame oil. It is a potent nontoxic antioxidant with 
strong antimicrobial and antioxidant properties.6,7 Sesamol has been shown to inhibit the progression of atherosclerosis 
and downregulate levels of cholesterol and triglycerides.8,9 Moreover, sesamol has chemopreventive, anti-mutagenic, and 
anti-aging potential.10–12 Recent research has revealed various biological functions of sesamol, including its anti- 
inflammatory and anticancer properties. Sesamol can inhibit COX-2 transcription, which helps to suppress inflammation 
in mouse intestinal cancer cells,13 and can induce apoptosis in liver, colon, and breast cancer cells.14–16

Recent advancements in high-throughput sequencing technology have made it possible to analyze the transcriptome 
under specific conditions. This study aimed to investigate the impact of sesamol on the transcriptome of breast cancer 
cells MCF-7. The study identified differentially expressed genes (DEGs) and performed functional enrichment analyses. 
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A total of 351 DEGs were identified, with 159 downregulated genes and 192 upregulated genes. The functional 
enrichment analyses revealed that the DEGs were involved in various processes, including extracellular matrix (ECM) 
remodeling, fatty acid metabolism, cell cycle, and monocyte chemotaxis. The top 10 hub genes (IGF2, MMP1, MSLN, 
CXCL10, WT1, ITGAL, PLD1, MME, TWIST1, and FOXA2) were found in the protein–protein interaction (PPI) network 
constructed by Cytoscape software. The survival analysis showed that MMP1 and ITGAL were significantly associated 
with overall survival (OS) and recovery-free survival (RFS) in breast cancer patients.

Materials and Methods
Cell Culture
The MCF-7 breast cancer cell line was obtained from the National Infrastructure of Cell Line Resource and cultured in 
RPMI1640 media with 10% FBS at 37°C in 5% CO2. To investigate the effects of sesamol on the cells, MCF-7 cells 
were treated with 50μmol/L of sesamol for 48 hours, while the control group was treated with the same amount of 
DMSO. Each group had three duplicates.

RNA Isolation and Transcriptome Sequencing
RNA was collected in Trizol reagent (Invitrogen, CA, USA), packed in dry ice and shipped to Sangon Biotech (Shanghai) 
Co., Ltd. for sequencing. RNA isolation, library preparation and sequencing, data assessment and quality control, as well 
as alignment and expression analysis were conducted by Sangon Biotech (Shanghai) Co., Ltd.17

Functional Enrichment Analysis of DEGs
DEGs were determined based on p-value <0.05 and log2 |FoldChange| ≥1. To perform large-scale functional enrichment 
studies, a common method is to conduct Gene Ontology (GO) annotation analysis. Gene functions can be classified into 
biological process (BP), molecular function (MF), cellular component (CC). The Kyoto Encyclopedia of Genes and 
Genomes (KEGG) is a widely used database that provides information on genomes, biological pathways, diseases, 
chemicals, and drugs. The functional analysis of DEGs was conducted using ClueGO plugin of Cytoscape software 
(www.cytoscape.org/).18,19

PPI Network Construction and Hub Gene Identification
The protein–protein interaction (PPI) analysis was conducted using the STRING database (http://string-db.org/). The 
DEGs were uploaded to the STRING database to investigate the potential PPI relationships. The PPI network was 
constructed based on combined score >0.4 and visualized using Cytoscape. Nodes with a higher connectivity degree tend 
to be more crucial in maintaining the stability of the entire network. The CytoHubba plugin of Cytoscape was used to 
calculate the degree of each node.20 In this study, the top 10 genes were identified as hub genes.

Quantitative RT-PCR Experiments
MCF-7 cells were treated with sesamol for 48 hours. Total RNA was extracted using Trizol reagent (Invitrogen, CA, 
USA). Two micrograms of total RNA was then used to reverse transcribe cDNA using the HiFi-MMLV cDNA Kit 
(Cwbio, Beijing, China). Quantitative real-time PCR (qRT-PCR) was performed using the UltraSYBR Mixture (Cwbio, 
Beijing, China) in a CFX96 instrument (Bio-Rad, CA, USA) and analyzed using the 2−ΔΔCT method. The sequences of 
primers used for qRT-PCR are described in Table S1.

Survival Analysis
The Kaplan–Meier plotter (http://kmplot.com/analysis/) is an online tool that can assess the correlation between the 
expression of all genes and survival in more than 30,000 samples from 21 tumor types, including breast, ovarian, lung, 
and gastric cancer. In this study, the prognostic value of the hub genes identified in breast cancer patients was evaluated 
using the Kaplan–Meier plotter mRNA tool. The patients were split by “Medium”. For genes with multiple probes, only 
the analysis results with consistent prognostic values were adopted. The OS, RFS, distant metastasis-free survival 
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(DMFS), and post-progression survival (PPS) were analyzed, respectively. P < 0.05 was considered to be statistically 
significant.21

Results
Quality Assessment of Transcriptome Profiling
After sequencing with Illumina HiSeq XTen platform, High quality paired-end reads were obtained from the control 
group (C) and sesamol-treated group (E), respectively, which were then cleaned and mapped to the reference genome 
sequence. The proportion of clean reads in each sample was greater than 98%. Over 98% of the reads from control group 
(C) and sesamol-treated group (E) were mapped to the reference genome and the majority of which were uniquely 
mapped (Table 1). By sequence alignment, over 26,000 genes were hit by the unique reads and most of these genes 
showed very high level (90–100%) of gene coverage (Figure 1). The above results indicate that the transcriptome 
profiling is qualified and can be used for subsequent analysis. (For further details on the quality of the RNA-Seq data, 
please refer to Tables S2–S4)

Identification of DEGs
Based on the criteria of p-value <0.05 and log2|FoldChange| ≥1, a total of 351 DEGs were identified between the 
sesamol-treated group and the control group, with 192 genes upregulated and 159 genes downregulated (for more 
detailed information, please refer to Table S5). Gene expression differences were visualized by volcano plot (Figure 2).

Functional Enrichment Analyses of DEGs
The study performed GO function and KEGG pathway enrichment analysis for the identified DEGs using ClueGO. The enriched 
GO terms were divided into MF, BP, and CC ontologies. BP analysis indicated that the DEGs were significantly enriched in 
processes such as long-chain fatty acid-CoA ligase activity, positive regulation of phospholipid metabolic process, positive 
regulation of monocyte chemotaxis, and regulation of membrane lipid distribution (Figure 3). The CC analysis showed that the 
DEGs were significantly enriched in specific granule membrane and stereocilium bundles (Figure 4). The MF analysis revealed 
that the DEGs were significantly enriched in processes such as medium-chain fatty acid-CoA ligase activity, positive regulation 
of phosphatidylinositol 3-kinase activity, extracellular matrix constituent conferring elasticity, and MHC protein binding 

Table 1 Summary of Mapping Transcriptome Reads to Reference Genome

C1 C2 C3 E1 E2 E3

Total reads 43,430,494 
(100.00%)

48,144,884 
(100.00%)

40,189,082 
(100.00%)

43,345,484 
(100.00%)

42,678,108 
(100.00%)

46,932,014 
(100.00%)

Total mapped 42,697,471 
(98.31%)

47,310,696 
(98.27%)

39,523,775 
(98.34%)

42,662,555 
(98.42%)

42,071,738 
(98.58%)

46,135,353 
(98.30%)

Multiple mapped 1,561,633 

(3.60%)

1,699,920 

(3.53%)

1,470,227 

(3.66%)

1,498,797 

(3.46%)

1,418,389 

(3.32%)

1,645,994 

(3.51%)

Uniquely mapped 41,135,838 

(94.72%)

45,610,776 

(94.74%)

38,053,548 

(94.69%)

41,163,758 

(94.97%)

40,653,349 

(95.26%)

44,489,359 

(94.80%)

Non-splice reads 22,747,035 

(52.38%)

25,363,053 

(52.68%)

20,950,454 

(52.13%)

22,528,935 

(51.98%)

21,781,545 

(51.04%)

24,743,174 

(52.72%)

Splice reads 18,388,803 

(42.34%)

20,247,723 

(42.06%)

17,103,094 

(42.56%)

18,634,823 

(42.99%)

18,871,804 

(44.22%)

19,746,185 

(42.07%)

Reads mapped in proper pairs 38,965,356 

(89.72%)

43,194,062 

(89.72%)

35,994,414 

(89.56%)

38,976,898 

(89.92%)

38,987,008 

(91.35%)

42,032,888 

(89.56%)

Notes: The table shows the results of comparing transcriptome reads with the reference genome. C1, C2 and C3 are duplicates of control group. E1, E2 and E3 
are duplicates of sesamol-treated group.
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(Figure 5). KEGG pathway analysis showed that the DEGs were mainly enriched in Fc gamma R-mediated phagocytosis and 
Taste transduction (Figure 6). Reactome pathway analysis revealed that the DEGs were mainly enriched in processes such as 
condensation of prophase chromosomes, degradation of the extracellular matrix, molecules associated with elastic fibres, COPI- 
independent Golgi-to-ER retrograde traffic, post-translational modification: synthesis of GPI-anchored proteins, regulation of 

Figure 1 Distribution of Gene’ coverage. The pie chart shows the percentage of genes that can be sequenced in different coverage areas and the number of genes is shown 
in brackets. C1, C2 and C3 are duplicates of control group. E1, E2 and E3 are duplicates of sesamol-treated group.
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Figure 2 Volcano plot comparing all DEGs. The red and green dots indicate upregulated and downregulated DEGs respectively (p-value<0.05 and log2|FoldChange|≥1).
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Figure 3 BP analysis by ClueGO. (A) GO terms enriched in BP. (B) Pie chart statistics of BP terms. Single (*) asterisk indicate significant enriched GO terms at the p < 0.05 
statistical levels.

Figure 4 CC analysis by ClueGO. (A) GO terms enriched in CC. (B) Pie chart statistics of CC terms. Single (*) asterisk indicate significant enriched GO terms at the p < 
0.05 statistical levels.

Figure 5 MF analysis by ClueGO. (A) GO terms enriched in MF. (B) Pie chart statistics of MF terms. Single (*) or double (**) asterisk indicate significant enriched GO terms 
at the p < 0.05 and p < 0.01 statistical levels, respectively.
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beta-cell development, and integrin cell surface interactions (Figure 7). (The detailed results and pathways can be found in 
Table S6).

PPI Network Construction of DEGs and Hub Genes Identification
The protein interactions among the DEGs were predicted using the STRING tool, revealing a PPI network with 165 
nodes and 86 edges (local clustering coefficient = 0.319, expected number of edges = 62, and PPI enrichment p-value = 
0.00214, Figure 8). Such enrichment suggests that these proteins are biologically connected as a group.

The top ten hub genes in the PPI network were identified by connectivity degree (Table 2). The results indicated that 
matrix metallopeptidase 1 (MMP1) and insulin-like growth factor II (IGF2) were the most prominent genes with 
connectivity degree of 7, followed by mesothelin (MSLN), C-X-C motif chemokine 10 (CXCL10), and WT1 transcription 
factor (WT1) with connectivity degree of 6. Integrin alpha-L (ITGAL), phospholipase D1 (PLD1), and membrane 
metalloendopeptidase (MME) had a connectivity degree of 5, while twist family bHLH transcription factor 1 
(TWIST1) and forkhead box A2 (FOXA2) had a degree of 4.

Figure 6 KEGG analysis by ClueGO. (A) Pathways enriched in KEGG. (B) Pie chart statistics of pathways. Double (**) asterisk indicate significant enriched GO terms at the 
p < 0.01 statistical levels.

Figure 7 Reactome pathways analysis by ClueGO. (A) Pathways enriched in Reactome. (B) Pie chart statistics of pathways. Single (*) or double (**) asterisk indicate 
significant enriched GO terms at the p < 0.05 and p < 0.01 statistical levels, respectively.
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Quantitative RT-PCR Results
To assess the effect of sesamol treatment on gene expression, we used qRT-PCR to detect expression levels of hub genes 
in MCF-7 cells. The results showed a significant increase in the expression of CXCL10, IGF2, MME, MMP1, MSLN, and 
TWIST1, while ITGAL and WT1 expression decreased significantly (Figure S1).

Survival Analysis
The prognostic value of the top 10 hub genes was assessed using Kaplan–Meier plotter in a cohort of 1879, 4929, 2765 
and 458 breast cancer patients for OS, RFS, DMFS, and PPS, respectively. The results showed that expression levels of 

Figure 8 PPI network of DEGs identified by STRING. A total of 165 nodes and 86 edges were involved in the PPI network with p-value = 0.00214. Red rectangles indicate 
the upregulated DEGs. Green ellipses indicate the downregulated DEGs.

Table 2 Top 10 Hub Genes Ranked by Degree Method

Name Degree Betweenness Closeness Stress Clustering Coefficient

IGF2 7 768.3333 23.76667 1024 0.04762

MMP1 7 1081.667 23.51667 1442 0

MSLN 6 585 21.03333 706 0.2

CXCL10 6 594 19.54524 726 0.26667

WT1 6 980.6667 23.63333 1168 0.06667

(Continued)
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MMP1, ITGAL, and TWIST1 were significantly associated with OS, while IGF2, MMP1, MSLN, CXCL10, WT1, ITGAL, 
PLD1 and FOXA2 were significantly correlated with RFS and DMFS. However, none of the genes were significantly 
associated with PPS. Additional information on these findings is available in Figure S2.

Discussion
The effect of sesamol on the MCF-7 breast cancer cells was investigated at the transcriptome level in this study. 
Transcript abundances from the control group and sesamol-treated group were acquired by Illumina HiSeq XTen 
platform. High-quality transcriptome reads were mapped onto the reference genome and identified more than 26,000 
expressed genes. Of these, 351 genes (192 upregulated and 159 downregulated genes) were found to be significantly 
differentially expressed between the two groups.

Cancer cells undergo metabolic reprogramming to support their proliferation, growth, and spread, with changes in 
lipid metabolism being a well-documented aspect of this reprogramming.22,23 Fatty acid-CoA ligase is a key enzyme that 
controls the pool of free fatty acids and is crucial for their utilization as both a structural unit and an energy source.24,25 

The BP and MF analyses conducted in this study revealed that the DEGs were significantly involved in the fatty acid 
metabolism pathway, which is a part of lipid metabolism (Figures 3 and 5). Moreover, the DEGs were also found to 
participate in the regulation of phospholipid metabolism and transport, membrane lipid distribution, and lipid transloca-
tion (Figure 3). These findings may explain why sesamol is able to stabilize the cell membrane, as described in previous 
studies.26

The ECM is a crucial non-cellular component of the tumor microenvironment (TME), serving as a scaffold in 
tumors.27,28 Throughout cancer development, the ECM is a highly dynamic structure constantly undergoing remodeling, 
where ECM components are deposited, degraded, or modified. This remodeling plays a crucial role in the communication 
between cancer cells and neighboring cells within the TME.29–31 The CC and Reactome pathways analyses indicated that 
sesamol could induce collagen degradation, extracellular matrix degradation, and elastic fiber formation. Therefore, 
targeting the ECM through sesamol treatment could have potential therapeutic benefits in disrupting TME communica-
tion and hindering cancer progression.

Liu et al previously reported that sesamol can interact with DNA at the minor groove, resulting in cytotoxicity to 
HepG2 cells.14 Additionally, in another study, sesamol was found to act as a radioprotector for DNA by enhancing DNA 
repair.32 The Reactome pathway analysis indicated that sesamol may also play a role in the condensation of prophase 
chromosomes. These findings suggest that sesamol may possess regulatory functions in the cell cycle, including DNA 
replication, DNA repair, and even high-level architecture formation.

We validated the expression of the top ten genes using qRT-PCR and the results are shown in Figure S1. It is 
important to note that the expression differences between RNA-seq and qRT-PCR are expected due to the use of different 
experimental platforms, and direct one-to-one correspondence between the two methods is not always possible. While 
RNA-seq is useful for large-scale screening and can provide insight into the overall trend of gene expression changes in 
a sample, it does not guarantee consistency with qRT-PCR results for individual genes. Among the top 10 hub genes 
identified in the study, only MMP1 and ITGAL were found to be significantly associated with OS, RFS, and DMFS, as 

Table 2 (Continued). 

Name Degree Betweenness Closeness Stress Clustering Coefficient

ITGAL 5 637.3333 19.15 748 0.3

PLD1 5 348.3333 17.09286 436 0.3

MME 5 1095.667 22.28333 1292 0

TWIST1 4 571.3333 20.91667 830 0

FOXA2 4 358 19.8 664 0

Note: The table shows top 10 hub genes ranked by Degree method.
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shown in Figure S2. Previous studies have shown that MMP1 promotes the progression of different types of tumors and 
high levels of matrix metalloproteinases are linked with poor prognosis in various carcinomas such as ovarian cancer, 
breast cancer, and esophageal squamous cell cancer.33–37 The survival analysis in this study revealed that the expression 
of MMP1 was negatively correlated with OS, RFS, and DMFS (Figure S2). On the other hand, ITGAL acts as a receptor 
for ICAM1, ICAM2, ICAM3, ICAM4, and F11R,38 and plays a role in various immune phenomena including leukocyte- 
endothelial cell interaction, cytotoxic T-cell mediated killing, and antibody-dependent killing by granulocytes and 
monocytes.39–41 While the expression of ITGAL is associated with a poor prognosis in renal cancer, it is linked to 
a good prognosis in endometrial cancer, head and neck cancer, and melanoma.42,43 In breast cancer, high expression of 
ITGAL is significantly positively correlated with OS, RFS and DMFS, as shown in Figure S2.

Conclusion
In conclusion, the findings suggest that sesamol may be involved in critical biological processes, such as ECM 
remodeling, fatty acid metabolism, and cell cycle regulation, in MCF-7 cells. However, further studies are required to 
gain a deeper understanding of the mechanisms underlying the effects of sesamol on breast cancer development. This 
may include investigating the role of sesamol in other cancer cell lines and animal models, as well as exploring potential 
clinical applications of sesamol as a therapeutic agent for breast cancer.
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