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Background: Chickpea isoflavones have been demonstrated to play an inhibitory role in breast cancer 
cells. In this study, we aimed to explore the mechanism of chickpea isoflavones inhibiting the formation and 
development of breast carcinoma through the integration of wet and dry experiments.
Methods: Chickpea isoflavones were added to the MCF-7 cells for 48 hours, and the subsequent 
morphological changes of cells were observed using an inverted microscope, while apoptosis was quantified by 
flow cytometry. The mRNA and LncRNA expression profiles were detected by RNA-sequencing (RNA-Seq)  
technology. The protein-protein interaction (PPI) network was constructed from the STRINGdb database. 
To identify the co-expressed long non-coding RNA and messenger RNA (lncRNA-mRNA) pairs, Pearson’s 
correlation coefficients were calculated based on the expression value between every differentially expressed 
lncRNA and mRNA pair. The hub gene expression was verified by quantitative reverse transcription 
polymerase chain reaction (qRT-PCR), and survival analysis results were provided by The Human Protein 
Atlas website.
Results: Microscopic observation and flow cytometry results confirmed that chickpea isoflavones with a 
final concentration of 32.8 μg/mL could cause apoptosis of the MCF-7 cells. Transcriptome results showed 
that a total of 1,094 mRNAs and 378 lncRNAs were differentially expressed in isoflavone-treated cells. 
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment revealed that inhibition of cell 
proliferation was mainly due to the up-regulation of genes in the apoptosis signaling pathway and the down-
regulation of genes in mRNA splicing pathway. The co-expressed genes of the top 10 down-regulated 
lncRNAs were mainly heterogeneous nuclear ribonucleoproteins (HNRNP) family genes, which interacted 
with apoptosis-related genes through ubiquitin C (UBC). The abnormal expression of 11 hub genes (degree 
>10) of PPI networks were beneficial to improve the overall survival time of breast cancer patients.
Conclusions: Our results reveal a potential mechanism for chickpea isoflavones to inhibit MCF-7 breast 
cancer cell proliferation and provide a reference for the development of new anti-cancer drugs used in breast 
cancer.
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Introduction

As of 2018, breast, lung, and colorectal cancers were 
estimated to be the three most common types of cancer, 
accounting for one-half of all cancer cases in women, with 
breast cancer alone considered to constitute 30% of all 
new diagnoses of cancer in women (1). According to the 
American Society of Clinical Oncology, approximately 
60% to 75% of women with breast cancer is estrogen 
and progesterone receptor-positive (2). Furthermore, as 
reported by epidemiological studies, the prevalence of breast 
cancer is generally lower in Asian than in North American 
and European countries (3). However, the incidence of 
breast cancer in Asians increased when Asians move to live 
in other regions, and almost equaled the rates of the host 
country recently (4). Of late, the preventative effects of 
phytoestrogens on breast cancer have attracted significant 
attention and have become a major focus of breast cancer 
research.

Isoflavones are a class of phytoestrogens that are 
structurally similar to mammalian estrogens. Epidemiological 
studies have suggested that higher consumption of 
legumes containing large amounts of phytoestrogen might 
contribute to the lower incidence in Asia of some cancers 
like breast cancer, colon cancer, and colorectal cancer (5). 
Chickpea (Cicer arietinum L.) is an important global legume 
crop. Germination increases the phenolic content of seeds, 
and particularly in chickpea, the isoflavone content is 
increased by over 100 fold, mainly because of the increase of 
formononetin and biochanin (6). According to our previous 
study, chickpea isoflavones could not only significantly 
inhibit the survival, proliferation, and migration of MCF-7  
cells but could also induce their apoptosis (7,8). In order 
to explore the mechanism of isoflavones inhibiting the 
formation and development of breast carcinoma, we 
used the transcriptome sequencing of Michigan Cancer 
Foundation-7 (MCF-7) cell treatment with isoflavones to 
analyze the differentially expressed genes, and clarify their 
biological functions. Moreover, the mechanism behind the 
inhibitory effect of chickpea isoflavones on the proliferation 
of human breast cancer cells was deduced, yielding data 
buttressing a theoretical basis for explaining how human 
breast cancer can be treated with isoflavones, while offering 

possible gene targets for the development of new anti-
cancer drugs for use in breast cancer.

Methods

Cell culture

MCF-7 cells were provided by the Chinese Type Culture 
Collection, CAS (Shanghai, China). Cells were grown in 
Dulbecco’s modified Eagle medium (DMEM) with 4.5 g/L 
glucose and 0.37% sodium bicarbonate (Gibco, Rockville, 
MD, USA), and a fully humidified incubator (Binder, 
Germany) at 37 ℃ with 95% air and 5% CO2.

Antiproliferation assay

The MCF-7 cells in the logarithmic growth phase were 
digested with 0.25% trypsin digest and separately seeded 
on 96-well plates at a density of 5×103 cells per well. After  
24 hours in the incubator, the cells were mixed with 
chickpea isoflavones to a final concentration of 10, 20, 30, 
40, 50, and 60 μg/mL for 24, 48, and 72 hours, respectively. 
Five replicates were set for each concentration. Moreover, 
an equal volume of dimethyl sulfoxide (DMSO) was added 
to the control group. The 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay was used 
to determine the antiproliferative effects of the cells. The 
optical density value of each well was measured at 570 nm. 
The experiment was repeated 3 times. The IC50 calculator 
was used to simulate the integration curve, and the half-
inhibitory concentration of chickpea isoflavones on MCF-
7 cells was calculated. Apoptosis was quantified by using 
Annexin V-FITC (Signalway Antibody) /PI staining and 
flow cytometer (Becton Dickinson, NJ, USA).

Cell morphology observation

For test sample treatments, chickpea isoflavones were added 
to the culture media to a final concentration of 32.8 μg/mL  
in DMSO for 48 hours; control samples were treated with 
an equal volume of DMSO only (9). Each group had 3 
replicate samples prepared. The morphological changes of 
cells were observed by inverted microscope.
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RNA extraction and library preparation

Total RNA was extracted using the TRIzol Kit (ComWin 
Biotech, Beijing, China) from control and test cells 
according to the manufacturer’s instructions. Then, the 
total RNA was treated with RNase-free DNase I (Takara, 
Dalian, China) for 30 min at 37 ℃ to remove residual 
DNA. The RNA quality was verified by RNase-free agarose 
gel electrophoresis, and the total RNA concentration was 
measured at 260 and 280 nm. RNA samples with 260/280 
nm ratios between 1.8 and 2.0 were used for subsequent 
analyses.

The transcriptome assembly library was constructed by 
RNA from the above samples. Briefly, total mRNA was 
enriched by Oligo (dT) beads. Then, the enriched mRNA 
was fragmented into short fragments using fragmentation 
buffer and reverse transcripted into cDNA with random 
primers. Second-strand cDNA was synthesized by DNA 
polymerase I, RNase H, dNTP, and buffer. Next, the cDNA 
fragments were purified with QiaQuick PCR extraction 
kit, end-repaired, poly(A)-added, and ligated to Illumina 
sequencing adapters. The ligation products were size-
selected by agarose gel electrophoresis, PCR-amplified, and 
sequenced using Illumina HiSeqTM 2500 by Gene Denovo 
Biotechnology Co. (Guangzhou, China).

Transcript quantification and differential expression 
analysis

The original sequencing data were sequenced to obtain 
high-quality clean reads through the removal of joint and 
low-quality reads, and the transcript abundances in the 
RNA-sequencing (RNA-Seq) samples were quantified using 
Kallisto version 0.44 (https://pachterlab.github.io/kallisto/
about.html). Kallisto performs a pseudo-alignment using 
the reference transcriptome to determine the compatibility 
of reads with target transcripts. After indexing the human 
reference transcriptome (mRNA: human ensemble cDNAs; 
LncRNA: human LncRNAs of NONCODE v.5.0), the 
previously trimmed paired-end reads were mapped to the 
indexed transcriptome. The differential expression was 
analyzed by edge R. We set the cut-off criteria as |logFC| 
>1, with the P value <0.05 to screen the differentially 
expressed genes/LncRNA (DEGs/DEL).

Functional analysis

Gene Ontology (GO) and Kyoto Encyclopedia of 

Genes and Genomes (KEGG) (http://www.genome.jp/)  
analyses are used for annotating genes and gene products, 
systematically analyzing gene functions, and other 
purposes (10-12). WEB-based Gene SeT Analysis Toolkit 
(WebGestalt) is a functional enrichment analysis web tool. 
In order to analyze the DEGs at the functional level, GO 
enrichment and KEGG pathway analysis were performed 
using the WebGestalt online tool (http://www.webgestalt.
org/option.php). The criteria were set as follows: the 
minimum number of genes for a category was 5, and the 
maximum number of genes for a category was 2,000. 
Moreover, BH method (Benja-mini-Hochberg FDR) was 
performed for multiple test adjustment. A P value <0.05 was 
considered statistically significant.

Protein-protein interaction (PPI) network construction

We used the online databases, STRINGdb, and Gephi 
(https://gephi.org/), to construct the PPI network of DEGs 
and analyzed the subnet with the MCODE toolkit based 
on the METASCAPE website (http://metascape.org/gp/
index.html). Then, a co-expression network of the top 10 
long non-coding RNAs (lncRNAs) and messenger RNAs 
(mRNAs) was constructed based on Pearson’s correlation 
with a coefficient >0.95. The PPI network of co-expressed 
genes of the top 10 lncRNAs was constructed from the 
network analyst website (https://www.networkanalyst.ca/
faces/home.xhtml).

Primer design and validation

To confirm the accuracy of the clustering relationship 
provided by the PPI network, 19 genes were selected for 
quantitative PCR validation. Primers of the candidate genes 
are shown in Table 1. Analysis of relative gene expression 
data using real-time quantitative PCR and the 2-ΔΔCT 
method was completed.

Survival analysis

We employed The Cancer Genome Atlas (TCGA) data to 
perform the survival analysis, which contained 1,075 breast 
cancer samples with the high degree hub genes as input. 
Kaplan-Meier survival analysis was used to compare the 
survival time of the different groups. A P value <0.05 was 
considered to indicate a statistically significant difference. 
Moreover, the deregulation of the expression of these genes 
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was demonstrated by the immunohistochemistry staining 
obtained from the Human Protein Atlas database.

Results

Antiproliferative effects of chickpea isoflavones on MCF-7 
cells

The antiproliferative effects of various concentrations 
(10 to 60 μg/mL) of chickpea isoflavones on the human 
breast cancer cell lines MCF-7 were assessed using the 
MTT assay. Chickpea isoflavones dramatically inhibited 
the proliferation of MCF-7 cells in a time-dependent and 
dose-dependent manner (Figure 1A). The IC50 calculator 
was used to simulate the integration curve, and the 48-hour 
half-inhibitory concentration of chickpea isoflavones on 
MCF-7 cells was calculated to be 32.8 μg/mL.

Flow cytometry was used to detect the effect of different 
doses of MCF-7 cells on apoptosis. The results of the 
analysis showed that the apoptosis rate had a dose-effect 
relationship with the treatment dose, and at a 60 μg/mL 
dose, the highest apoptosis rate was significantly different 
from that of the control group (P<0.01, Figure 1B,C).

Morphological changes of the cells treated with chickpea 
isoflavones in MCF-7 cells

Chickpea isoflavones had an obvious inhibitory effect on 
the proliferation of MCF-7 cells (Figure 2). In the control 
group (DMSO), human breast cancer cells showed full 
adherent growth, compact arrangement, basically uniform 
size, regular shape, large volume, uniform distribution of 
chromatin in the nucleus, clear nucleoli, large and complete 
nucleus, and center or edge migration. After being treated 

Table 1 Primers used for quantitative PCR

Gene symbol mRNA accession Sense primer (5'-3') Anti-sense primer (5'-3')

ACLY NM_001303274 AATGTCTTGTGTCTTATG TGATAATACAGAGAAGAGA

ACTB NM_001101 TTAATCTTCGCCTTAATACTT AGCCTTCATACATCTCAA

CCT2 NM_006431 GATGATGAAGTTGGTGATG GATGGTCTGTGGATGAAT

DDX5 NM_004396 TAAGTGGATTGGATATGGT TAGGAATGGCTGATGATT

DHX9 NM_001357 TCAGTTGTCATTATTAGAG GAGTTACTACGATGTTAC

EFTUD2 NM_001258353 ATAGTTCAAGAGGAAGACA ATCTCATACACCGTAACA

FOS NM_005252 CCTTAGTCTTCTCATAGCATTAAC TTGCCAGGAACACAGTAG

HNRNPA1 NM_031157 GCTTGTGTATCCATTATC GCATTCAACATTATTATCAG

HNRNPA2B1 NM_002137 GTATATTCTGCTGCCACAA TTACTACCAACACCACTGA

HNRNPD NM_002138 GAAGAAGAACCAGTGAAGAAGA CTGTTGCTGTTGCTGATATTG

HNRNPDL NM_031372 TCTTAACAATGATTCTACTTCCT CCTTCTAACAGCCAACAT

HNRNPPK NM_001318186 TAGTGAAGAACTGAAGGA CATTACATCTGGTGAACA

HNRNPPM NM_001297418 CGAGCAGACATTCTTGAA GCCATTGAACATAGATATAGC

HNRNPU NM_004501 GCTACACAACACTGCTAA ATTCCTCACTTCACATTGG

JUN NM_002228 TTAACATTGACCAAGAAC ATCTACAGTCTCTATTGC

NME2 NM_001018139 ATGGCAGTGATTCAGTAA TGTCCACCTCTTATTCATAG

SRSF1 NM_001078166 TTGTGTATGTAACTTGGTAA AGCCTATGTTGTCTATGA

TOP2B NM_001068 GGTTATTCCAAGAGATTC GTCATCATCATCATCATC

UBA52 NM_003333 GTGTGTGGAGATGGGTAG AGCCTGGACAACATAGTG

UBC NM_021009 CAAGATAAGGAAGGCATT CTTTCTGGATGTTGTAGT

PCR, polymerase chain reaction.



Annals of Translational Medicine, Vol 8, No 4 February 2020 Page 5 of 16

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2020;8(4):86 | http://dx.doi.org/10.21037/atm.2019.12.141

with chickpea isoflavones for 48 hours, the MCF-7 cells 
were mostly blurred in contour, shrunken to a round 
shape, and had reduced cell density, reduced cell volume, 
increased space, different cell sizes, irregular morphology, 
concentrated chromatin, vacuolar like changes in the 
cytoplasm, and even “sprouting”.

Identification of the differentially expressed transcripts 
(DETs) and function enrichment

A total of 1,094 DETs were obtained, including 729 up-
regulated transcripts (482 genes) and 365 down-regulated 
transcripts (296 genes). Meanwhile, there were 378 
differentially expressed long non-coding RNAs (lncRNAs) 
obtained, 204 of which were up-regulated, and 174 of 
which were down-regulated. Figure 3A,B shows the DEGs/

DEL using a volcano plot. To further explore the biological 
processes (BPs) and pathways in which the overlapped genes 
were involved, all DEGs were uploaded to WebGestalt, 
and the results were obtained. GO analysis suggested that 
the up-regulated DEGs were significantly enhanced by 
BPs, including organic substances, cellular metabolism, 
and nitrogen compound metabolism (Figure 3C). However, 
the down-regulated DEGs were enhanced by organelle 
organization, cell cycles, and DNA metabolic processes 
(Figure 3D). As for biological pathways, the KEGG 
pathways analysis showed that the up-regulated DEGs 
were enriched with viral carcinogenesis, MAPK signaling 
pathways, HTLV-I infections, endocytoses, and ribosomes 
(Figure 3E), while the down-regulated DEGs were enriched 
with pyrimidine metabolism, cell cycles, and spliceosomes 
(Figure 3F).

Figure 1 Antiproliferative effects of chickpea isoflavones on MCF-7 cells. (A) MCF-7 cells were treated with different concentrations 
of chickpea isoflavones for 24, 48, or 72 hours. Inhibition was determined by MTT assay (x+s, n=3). (B) Characteristic histograms were 
obtained with the effects of chickpea isoflavone on the apoptosis rate and the concentrations (20, 40, and 60 μg/mL). *, ** significantly 
different from control at P<0.05 and P<0.01, respectively. (C) Apoptosis measured by Annexin V-FITC and propidium iodide (PI) assay. The 
number in each quadrant represents the percentage of cells present. Q1 [FITC(−)/PI(+)], necrotic cells; Q2 [FITC(+)/PI(+)], late apoptotic 
cells; Q3 [Annexin V(+)/PI(−)], living cells; Q4 [FITC(+)/PI(−)], early apoptotic cells. MCF-7, Michigan Cancer Foundation-7; MTT, 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.
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PPI network construction

First, we constructed PPI networks of the up-regulated 
genes and down-regulated genes using software from the 
Stringdb and Gephi online databases. A total of 11 nodes 
(4 hub genes up-regulated; 7 hub genes down-regulated) 
with degrees >10 were chosen in up-regulated and down-
regulated networks, respectively (Figure 4A). Secondly, 
based on Pearson’s correlation and Gephi software, we 
further constructed the co-expression networks of the top 
10 up-regulated and down-regulated lncRNAs and co-
expressed genes. The MCODE analysis showed that in the 
top 10 up-regulated lncRNAs, 4 nodes with a correlation 
coefficient >0.95 were positively correlated with co-
expressed genes, which were involved in the peptide chain 
elongation. Meanwhile, in the top 10 down-regulated 
lncRNAs, only 1 node with a correlation coefficient >0.95 
was positively correlated with co-expressed genes in the 
mRNA splicing process (Figure 4B). Finally, we constructed 
a PPI network of lncRNA co-expression genes based on 
the network analyst website. The results showed a PPI 

network with the interaction between 8 HNRNP family 
and 5 apoptosis-related genes via ubiquitin C (UBC), which 
indicated that the cause of isoflavone-induced apoptosis 
might be related to the negative regulation of the HNRNP 
family gene, as shown in Figure 4C.

Validation of RNA-Seq results by quantitative PCR

According to the clustering relationship provided by the 
PPI network, we further verified the RNA-Seq results of 
19 genes by quantitative PCR, including HNRNP family 
genes, up-regulated hub genes and down-regulated hub 
genes in the control group and test group that had chickpea 
isoflavones. We observed the same expression patterns as 
RNA-Seq analysis with statistical significance (Figure 5).

Survival analysis of the hub-genes

In order to further clarify whether isoflavone-induced 
abnormal expression of hub genes has a positive effect 

Figure 2 Cellular morphology changes of chickpea isoflavones on MCF-7 cells. (A) Micrographs (×100), DMSO; (B) micrographs (×300), 
DMSO; (C) micrographs (×100), chickpea isoflavones; (D) micrographs (×300), chickpea isoflavones. The MCF-7 cells were treated with 
IC50 concentrations of chickpea isoflavones for 48 hours. MCF-7, Michigan Cancer Foundation-7; DMSO, dimethyl sulfoxide.
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Figure 3 Identification of the DETs and function enrichment. (A) Volcano plot of mRNA expression profile; (B) volcano plot of lncRNA 
expression profile; (C) GO-BP enrichment of up-regulated DEGs; (D) GO-BP enrichment of down-regulated DEGs; (E) KEGG pathways 
enrichment of up-regulated DEGs; (F) KEGG pathways enrichment of down-regulated DEGs. DET, differentially expressed transcript; 
DEG, differentially expressed gene; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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MCODE GO Description Log10(P)

MCODE_1 R-HSA-156902 Peptide chain elongation −56.2

MCODE_1 R-HSA-156842 Eukaryotic translation elongation −55.6

MCODE_1 R-HSA-975956 Nonsense mediated decay (NMD) independent of the exon 
junction complex (EJC)

−55.4

MCODE_2 R-HSA-8936459 RUNX1 regulates genes involved in megakaryocyte 
differentiation and platelet function

−7.8

MCODE_2 R-HSA-9018519 Estrogen-dependent gene expression −6.8

MCODE_2 R-HSA-8939211 ESR-mediated signaling −6.7

MCODE_3 GO:0016999 Antibiotic metabolic process −7.3

MCODE_3 GO:0034308 Primary alcohol metabolic process −6.7

MCODE_3 GO:0051186 Cofactor metabolic process −6

MCODE GO Description Log10(P)

MCODE_1 R-HSA-72163 mRNA Splicing-major pathway −53.3

MCODE_1 R-HSA-72172 mRNA Splicing −52.8

MCODE_1 R-HSA-72203 Processing of gapped intron-containing pre- mRNA −50.1

MCODE_2 R-HSA-8852276 The role of GTSE1 in G2/M progression after G2 
checkpoint

−12.6

MCODE_2 R-HSA-6798695 Neutrophil degranulation −10.1

MCODE_2 GO:0043312 Neutrophil degranulation −10

MCODE GO Description Log10(P)

MCODE_1 GO:0061077 Chaperone-mediated protein folding −6.1

MCODE_1 GO:0034599 Cellular response to oxidative stress −5.8

MCODE_1 GO:0006979 Response to oxidative stress −5.1

MCODE_2 GO:0034976 Response to endoplasmic reticulum stress −4.3

MCODE_2 GO:0034599 Cellular response to oxidative stress −4.2

MCODE_2 GO:0090150 Establishment of protein localization to membrane −4.1

MCODE_3 R-HSA-156902 Peptide chain elongation −6

MCODE_3 R-HSA-156842 Eukaryotic translation elongation −5.9

MCODE_3 R-HSA-72766 Translation −4.4

MCODE GO Description Log10(P)

MCODE_1 R-HSA-72163 mRNA splicing-major pathway −12.7

MCODE_1 R-HSA-72172 mRNA splicing −12.5

MCODE_1 R-HSA-72203 Processing of capped intron-containing pre- mRNA −11.9
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Figure 4 Protein-protein interaction (PPI) network. (A) The PPI network of the up-regulated and down-regulated genes and ECODE 
enrichments, created by the STRINGdb, Metascape website, and Gephi software. (B) The co-expression network of the top 10 up-regulated 
and down-regulated lncRNAs with their co-expression genes and ECODE enrichments, created by Pearson’s correlation, Metascape 
website, and Gephi software. (C) The PPI network of the co-expression genes was created by the network analyst website.

C

on the overall survival of breast cancer patients, we 
conducted survival analysis using the Human Protein 
Atlas (HPA) to evaluate the relationship between the hub 
genes of the PPI network and overall survival (OS). We 
found that high expression of 4 hub genes (UBA52, FOS, 
JUN, NME2) in the up-regulated genes could improve 
the survival of patients, and the low expression of 7 hub 
genes (TOP2B, ACLY, EFTUD2, DDX5, DHX9, CCT2, 

SRSF1) in the down-regulated genes could significantly 
improve the survival of patients; all Kaplan-Meier plots 
were calculated according to the critical optimal cut-off 
value of each gene provided by HPA, and a P value by the 
Log Rank Test less than 0.05 was considered statistically 
significant (Figure 6). Moreover, we integrated the 
immunohistochemistry results of each gene in HPA on 
the survival curve.
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Figure 6 Prognostic roles of 11 hub genes in breast cancer patients. Survival curves are plotted for breast cancer patients by HPA based on 
1,075 TCGA samples. (A) Up-regulated hub genes: UBA52, FOS, JUN, NME2; (B) down-regulated hub genes: TOP2B, ACLY, EFTUD2, 
DDX5, DHX9, CCT2, and SRSF1. Eleven hub genes were significantly associated with overall survival in breast cancer patients, according 
to the Kaplan-Meier curve and a log-rank test. The patients were stratified into a high-level group and a low-level group according to the 
optimal cut-off value of each hub gene. Validation of the 11 hub genes on a translational level was completed using the Human Protein Atlas 
database. The scale bar was 100 μm. IHC, immunohistochemistry.

Discussion

Cancer is a global public health problem and is one 
of the primary causes of death worldwide. Isoflavone 
phytoestrogens show anti-cancer activity and have attracted 
attention from many researchers around the world. Their 
antitumor mechanism includes inhibiting the activity of 
tyrosine-protein kinase (PTK) (13) and topoisomerase  
II (14), controlling the cell cycle (15), and inducing 
apoptosis (16,17). In recent years, drugs that induce 
the apoptosis of cancer cells have become increasingly 
popular. It has been discovered that hummus isoflavone 
has two different regulation functions for breast cancer 
cell proliferation. A low concentration of isoflavone has a 
significant estrogenic effect while a high concentration has 
an inhibiting effect on the growth of breast cancer cells (7). 
To explore the molecular mechanism of chickpea isoflavones 

inhibiting breast cancer cell proliferation, we used the 
RNA-seq method to analyze the changes of gene expression 
in breast cancer MCF-7 cells after admixture with chickpea 
isoflavones.

Soy isoflavone is a kind of natural estrogen and a 
secondary metabolite produced during the process of 
soybean growth, including daidzein, genistein, daidzin, 
and genistein. The major compounds in chickpea seeds are 
formononetin, biochanin A, ononin, and sissotrin (9). The 
effect of germination on bioactive components in terms 
of the antioxidant capacity and total isoflavone content 
in legume seeds was previously investigated; germination 
increased the total isoflavone content and antioxidant 
capacity of most seeds, particularly in chickpea seeds (6). 
The nutritional value of chickpeas is high, and chickpeas 
are a good source of carbohydrates and protein compared 
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to other legumes, which account for about 80% of the total 
quality of dried seeds (18,19). Chickpeas are cholesterol-
free and are a good source of dietary fiber, vitamins, and 
minerals (20,21). They are widely cultivated in western Asia 
and the Near East and are currently grown in more than 
50 countries in western and southern Asia, North Africa, 
the Middle East, Southern Europe, the Americas, and 
Australia. Globally, chickpeas are the third largest producer 
of legumes after soybeans and peas (22).

Chickpea isoflavones do cause apoptosis, activate the 
estrogen signaling pathway, and increase protein synthesis, 
but also down-regulate the variable shear of mRNA. In our 
research, isoflavone inhibited the expression of HNRNP 
family genes, which is a phenomenon that should be 
further explored. Heterogeneous nuclear ribonucleoprotein 
(HNRNP) is a superfamily of proteins. According to 
different physiological functions, the member can be divided 
into two categories. The first is characterized by being 
located in the nucleus, and these cannot be shuttled between 
the nucleus and cytoplasm. Proteins, such as HNRNP B, 
C, etc., bind to precursor mRNA to form a complex, which 
detaches from the complex before the precursor mRNA is 
transported out of the nucleus. The second type of protein 
can shuttle freely between the nucleus and the cytoplasm. 
For example, hnRNP A, D, E, I, K, which form a complex 
with the precursor mRNA, are accompanied by the entry of 
precursor mRNA into the cytoplasm through the nuclear 
pore complex, and complete the precursor with other 
proteins like RNA polymerase II. The shear processing 
and modification of the mRNA are then dissociated and 
returned to the nucleus, ready to participate in the next 
round of transport (23). A series of experiments in vitro 
have shown that HNRNPD (24), HNRNP A2/B1 (25), 
and HNRNP A1 (26) can bind to the telomere DNA. The 
results showed that the length of telomeres in CB3 cells 
that did not express HNRNP A1 was significantly shorter 
than that in CB7 cells expressing HNRNP A1 (27). In the 
Hela cells, the expression of HNRNP A1 /A2 /B1 gene 
was reduced by RNA interference, and the length of the 
G-tail of the back-end grain changed significantly (28).  
Current research shows that the down-regulation and 
knock-out of the HNRNP family gene inhibits the 
occurrence of apoptosis. For example, knockdown of 
HNRNP A2/B1 inhibits cell proliferation, invasion, and 
cell-cycle-triggering apoptosis in cervical cancer via PI3K/
AKT signaling pathway (29), while HNRNP K plays 
a protective role in apoptosis in podocytes induced by 
TNF-α (30). HNRNP protein was originally discovered as 

a regulator of alternative splicing: the process of controlling 
the removal of introns and the selective linking of exons, 
through which multiple transcripts and subsequent proteins 
can be expressed from 1 gene. Alternative splicing affects 
genes in all key cell processes, including apoptosis. In the 
process of cancer growth, damaged apoptosis control is 
helpful for the survival of cells carrying molecular distortion 
and for their unrestricted proliferation and chemical 
resistance (31). Ubiquitination is a process that has been 
associated with protein degradation, DNA repair, cell 
cycle regulation, kinase modification, endocytosis, and 
regulation of other cell signaling pathways. Ubiquitin is 
highly expressed in various tumor tissues, and the down-
regulation of ubiquitin molecular expression can inhibit 
lung cancer cell line proliferation (32). Ubiquitin C (UBC) 
is one of the four genes encoding ubiquitin in mammalian 
genome. It is described as the gene most responsive to cell 
therapy such as ultraviolet radiation, heat shock, oxidative 
stress and translation damage. Although the association 
between HNRNP and UBC facilitated by the PPI network 
is obvious, further research is still needed to consider the 
extensive biological function of UBC and how it connects 
to isoflavone, HNRNP, and the apoptosis pathway.

Although the survival analysis was provided by HPA, the 
sample data are all quantitative results of RNA-Seq, the 
optimal cut off value of each gene is fragments per kilobase 
of transcript per million mapped reads (FPKM), and each 
Kaplan-Meier (KM)-plot distinguishes high and low risk 
groups based on this optimal cut-off value. Even so, we 
found that not every hub gene could be used as a risk factor 
for breast cancer prediction. Among the up-regulated hub 
genes, only the up-regulated FOS gene could significantly 
improve the 5-year survival period. The FOS gene encodes 
leucine zipper proteins that can dimerize with proteins of 
the JUN family, thereby forming the transcription factor 
complex AP-1 (33). The FOS proteins have been implicated 
in the regulation of cell proliferation, differentiation, and 
transformation. In some cases, the expression of the FOS 
gene has also been associated with apoptotic cell death. In 
addition, NME2 also plays critical roles in many aspects of 
cancer biology, including cancer cell proliferation, survival, 
apoptosis, drug resistance, and metastasis (34). Moreover, 
the UBA52 gene encodes a fusion protein consisting of 
ubiquitin at the N terminus and ribosomal protein L40 at 
the C terminus (35). The major role of ubiquitin is to target 
cellular proteins for degradation by the 26S proteosome, 
and it is involved in the maintenance of chromatin structure, 
the regulation of gene expression, and stress response (36). 
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In the down-regulated hub genes, we found that the down-
regulation of DDX5, DHX9, and CCT2 significantly 
contributed to improving the survival time of breast cancer 
patients. DDX5 has an important role in transcription 
regulation with multiple, sequence-specific transcription 
factors but has also been implicated in other processes 
such as microRNA biology, RNA splicing, and ribosome 
biogenesis (37). DDX5 is frequently overexpressed in breast 
cancer (38), functions as a transcriptional coactivator for 
E2F1 to promote the expression of genes required for cell 
proliferation, and E2F1 is also frequently amplified and 
overexpressed in breast cancer (39). DDX5 knockdown in 
breast cancer cells with the E2F1 gene amplification blocked 
cancer cell proliferation and resulted in down-regulated 
expression of DNA replication factors. DHX9 is a DExH-
box helicase family member, which participates in multiple 
levels of gene regulation, including DNA replication, 
transcription, translation, RNA transport, and microRNA 
processing. It has been implicated in tumorigenesis and 
DHX9 suppression, eliciting an apoptotic or senescence 
response by activating p53 signaling (40). CCT2 is a 
molecular chaperone that is a member of the chaperonin 
containing TCP1 complex (CCT), also known as the 
TCP1 ring complex (TRiC), and it helps other proteins 
to properly assemble and fold while mediating misfolded 
protein degradation. CCT2 and TCP1, as members of 
the TriC chaperone complex, are essential for the growth 
and survival of breast cancer cells and are closely related 
to cancer-driven genes such as P13K (41). CCT2 is highly 
expressed in triple-negative breast cancer cell lines such as 
MDA-MB-231, and the increased CCT protein in breast 
cancer cells underlies the cytotoxicity of CT20p. CCT is 
a potential target for therapeutic intervention for breast 
cancer treatment (42). SRSF1 forms an anti-apoptotic 
form of transcripts through alternative splicing to inhibit 
mitochondrial apoptotic pathways and promote tumor 
formation (43). Additionally, the TOP2B gene encodes 
a DNA topoisomerase, which is involved in processes 
such as chromosome condensation, chromatid separation, 
and the relief of torsional stress that occurs during DNA 
transcription and replication (44). The ACLY gene can 
encode a central metabolic enzyme, which can catalyze the 
ATP-dependent conversion of citrate and coenzyme A (CoA) 
to oxaloacetate and acetyl-CoA. The acetyl-CoA product is 
crucial for the metabolism of fatty acids, the biosynthesis of 
cholesterol, and the acetylation and prenylation of proteins; 
thus, many cancer cells depend on the activity of ACLY 
for proliferation. It has been found to be overexpressed in 

several types of cancers with the "turning off" of ACLY 
being shown to lead to the cessation of cancer cell growth 
and division; ACLY has, therefore, become an important 
object of targeted therapies for cancer therapy research (45).  
EFTUD2 gene encodes a GTPase, a component of the 
spliceosome complex, which processes precursor mRNAs 
to produce mature mRNAs. SRSF1 can enhance epithelial 
cell metastasis, promote epithelial mesenchymal transition, 
and promote tumor formation (46). In addition, due to 
its special function being involved in alternative splicing, 
SRSF1 also promotes tumor formation and tumor 
proliferation by regulating alternative priming of other 
proto-oncogenes.

The analysis in this study showed that the low expression 
of SRSF1 could significantly improve the survival of breast 
cancer patients, which is consistent with the function 
observed in the previous study.

The changes in the expression of the hub gene affected 
by chickpea isoflavones can significantly improve the 
survival of patients. While the difference within 5 years 
was not particularly large, the survival extension observed 
beyond 5 years was significant. Therefore, we believe that 
chickpea isoflavones have certain preventive and therapeutic 
effects on MCF-7 type breast cancer, and thus have a role 
to play in long-term healthcare.

Conclusions

Through the  integrated analys i s  of  wet  and dry 
experiments, we found that isoflavones in chickpeas may 
promote the apoptosis of MCF-7 cells by inhibiting the 
expression of HNRNP family genes mediated by lncRNAs. 
The up-regulation and down-regulation of hub genes in 
the PPI network triggered by chickpea isoflavones have 
positive effects on improving the survival time of breast 
cancer patients. These findings can provide a reference for 
developing chickpea isoflavones into new anti-breast cancer 
drugs.
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