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Microarray analysis of differentially expressed long
non-coding RNAs in daidzein-treated lung cancer cells
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Abstract. Daidzein has been found to significantly inhibit the
proliferation of lung cancer cells, while its potential molecular
mechanisms remain unclear. To determine the molecular
mechanism of daidzein on lung cancer cells, the Capital Bio
Technology Human long non-coding (Inc) RNA Array v4,
4x180K chip was used to detect the gene expression profiles
of 40,000 IncRNAs and 34,000 mRNAs in a human cancer
cell line. Reverse transcription-quantitative (RT-q) PCR
analysis was performed to detect the expression levels of target
IncRNA and mRNAs in the H1299 cells treated with and
without daidzein, using the IncRNA and mRNA gene chip.
Bioinformatics analysis was performed to determine the differ-
entially expressed genes from the results of the chip assays.
There were 119 and 40 differentially expressed IncRNAs and
mRNAs, respectively, that had a 2-fold change in expression
level. A total of eight IncRNAs were upregulated in the H1299
lung cancer cells, while 111 IncRNAs were downregulated.
Furthermore, five mRNAs were upregulated, and 35 mRNAs
were downregulated. A total of six differentially expressed
IncRNAs (ENST00000608897.1, ENST00000444196.1,
ENST00000608741.1, XR_242163.1, ENST00000505196.1
and ENST00000498032.1) were randomly selected to validate
the microarray data, which were consistent with the RT-qPCR
analysisresults. Differentially expressed mRNAs were enriched
in important Gene Ontology terms and Kyoto Encyclopedia
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of Genes and Genomes pathways. Taken together, the results
of the present study demonstrated that daidzein affected the
expression level of IncRNAs in lung cancer cells, suggesting
that daidzein may have potential effects on lung cancer cells.

Introduction

Lung cancer is one of the most common malignancies, that
threatens the health and life of those affected. Lung cancer is the
leading cause of cancer incidence and mortality in both men and
women; it is estimated that there were 2.1 million new diagnosed
cases and 1.8 million mortalities in 2018 worldwide (1,2). Lung
cancer is classified into two major pathohistological subtypes,
small cell lung cancer (SCLC) and non-small cell lung cancer
(NSCLC) (3). NSCLC accounts >85% of all cases of lung
cancer (4). Despite major advancements in diagnosis and
treatment, the incidence and mortality rates of lung cancer has
remained high in recent years (5). Thus, it remains critical to
identify and develop potential therapeutic targets in the hope of
decreasing the risk of lung cancer.

A previous study demonstrated that consumption of
legumes decreased the risk of lung cancer by 23% (6).
Isoflavones, coumarins and lignin were reported to be the
three main phytochemicals in soybeans (7). Currently, there
is a focus on the potential health benefits of isoflavones,
including genistein and daidzein. The effect of soybeans and
their ingredients on tumors has become a hot topic (8), which
could provide evidence on the preventive and protective effects
of soybeans and their products for lung cancer.

Several long non-coding (Inc) RNAs and their biological
functions have been identified with the use of high throughput
technology (9). For example, BCYRNI was found to function
as a competing endogenous RNA to inhibit glioma progression
by sponging microRNA-619-5p to regulate CUEDC?2 expres-
sion and the PTEN/AKT/p21 pathway (10). Zhu et al (11)
identified key IncRNAs in rectal adenocarcinoma using RNA
sequencing and dysregulation of IncRNAs have been associated
with lung cancer initiation and progression. IncRNAs play a
vital role in regulating biological processes through epigenetic,
transcriptional and post-transcriptional levels (12-15).
Abnormal expression of IncRNAs have been associated with
apoptosis, invasion and metastasis of lung cancer, which is
conducive to the progression of lung cancer (16-18), and it has
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been demonstrated that IncRNAs act as effective markers for
the diagnosis and prognosis of patients with lung cancer (19).
Thus, the present study aimed to investigate the potential
functions of daidzein on H1299 lung cancer cells by analyzing
IncRNA and mRNA expression profiles, using microarray
analysis. The results provide novel insight into the molecular
mechanism of daidzein in lung cancer cell lines.

Materials and methods

Cell lines and cell culture. The human H1299 lung cancer cells
were purchased from Wuhan University (Hubei, China). The
cells were maintained in high-glucose medium supplemented
with 10% fetal bovine serum (Haoyang Biological Products
Technology Co., Ltd.) and 1% penicillin/streptomycin (Beijing
Solarbio Science & Technology Co., Ltd.), at 37°C in a
humidified incubator with 5% CO,.

Extraction of RNA from H1299 cells and RNA quality control.
Total RNA was extracted from the H1299 cells using TRIzol®
(Gibco; Thermo Fisher Scientific, Inc.), according to the
manufacturer's protocol. A total of 4 ml medium, supplemented
with dimethyl sulfoxide (Beijing Solarbio Science &
Technology Co., Ltd.) was added to the cells in the control
group for 24 h at 37°C, while 4 ml 10 yM daidzein (Shanxi
Huike Plant Development Co., Ltd.) was added to the cells in
the treatment group for 24 h at 37°C. The RNA was extracted
from the cells in both groups after 24 h. The purity and
concentration of the RNA was determined from optical density
260/280 ratio using a spectrophotometer (NanoDrop ND-1000;
Thermo Fisher Scientific, Inc.). RNA integrity was determined
by 1% formaldehyde denaturing gel electrophoresis.

RNA labeling and microarray hybridization. cDNA labeled
with fluorescent dyes (Cy5 and Cy3-dCTP) was produced
using they Eberwine's linear RNA amplification method and
subsequent enzymatic reaction, as previously described (20),
which has also been improved using CapitalBio cRNA
Amplification and Labeling kit (CapitalBio Technology, Inc.)
to produce higher yields of labeled cDNA.

In detail, double-stranded cDNA (containing the T7 RNA
polymerase promoter sequence) was synthesized from 1 ug total
RNA using the CbcScript reverse transcriptase according to the
manufacturer's instructions (CapitalBio Technology, Inc.), with
T7 Oligo (dT) and T7 Oligo (dN). Following double-stranded
cDNA synthesis using DNA polymerase and RNase H, the
products were purified using a PCR NucleoSpin Extract II kit
(Macherey-Nagel, GmbH and Co., KG) and eluted with 30 ul
elution buffer. The eluted double-stranded cDNA products were
then vacuum evaporated to 16 pl and reverse transcribed at 37°C
for 14 h using a T7 Enzyme Mix. The amplified cRNA was
purified using the RNA Clean-up kit (MN). The Klenow enzyme
labeling method was used following RT using CbcScript 11
reverse transcriptase. Briefly, 2 ug amplified RNA was mixed
with 4 pg random nanomer, denatured at 65°C for 5 min, then
cooled on ice. Subsequently, 5 pl 4X first-strand buffer, 2 ul
0.IM DTT and 1.5 ul CbcScript II reverse transcriptase was
added, then the samples were incubated at 25°C for 10 min,
and 37°C for 90 min. The cDNA products were purified using
a PCR NucleoSpin Extract II kit (Macherey-Nagel, GmbH and

Co., KG), then vacuum evaporated to 14 ul. The cDNA was
mixed with 4 g random nanomer, heated to 95°C for 3 min,
then snap cooled on ice for 5 min. Next, 5 ul Klenow buffer,
dNTP and Cy5-dCTP or Cy3-dCTP (GE Healthcare) was
added to a final concentration of 240 yM each for the dNTPs
and 40 uM Cy-dCTP. A total of 1.2 ul Klenow enzyme was then
added and the samples were incubated at 37°C for 90 min. The
labeled cDNA was purified with a PCR NucleoSpin Extract II
kit (Macherey-Nagel, GmbH and Co., KG) and resuspended in
elution buffer. The labeled controls and test samples labeled with
Cy5-dCTP and Cy3-dCTP were dissolved in 80 ul hybridization
solution containing 3XSSC, 0.2% SDS, 5X Denhardt's solution
and 25% formamide. The DNA in the hybridization solution was
denatured at 95°C for 3 min prior to loading onto a microarray.
The arrays were hybridized in an Agilent Hybridization Oven
(Agilent Technologies, Inc.) overnight at a rotation speed of
20 rpm at 42°C then washed with two consecutive solutions
(0.2% SDS and 2X SSC at 42°C for 5 min, then 0.2X SSC for
5 min at room temperature).

Microarray imaging and data analysis. The IncRNA + mRNA
array data was analyzed for data summarization, normaliza-
tion and quality control using the GeneSpring software v13.0
(Agilent Technologies, Inc.). To select the differentially
expressed IncRNAs and mRNAs fold-change (FC) =2 and <-2
and P<0.05 (unpaired t-test). The data was log, transformed
and the median value was determined using the Adjust Data
function in the CLUSTER v3.0 software (http://bonsai.hgc.
jp/~mdehoon/software/cluster/software.htm), then further
analyzed using hierarchical clustering with average
linkage (21). Finally, tree visualization was performed using
Java Treeview (Stanford University School of Medicine). Kyoto
Encyclopedia of Genes and Genomes (KEGG) (https:/www.
genome.jp/kegg/) and Gene Ontology (GO) (http://www.
geneongoloty.org/) analyses were performed to determine
the function of differentially expressed mRNAs in biological
pathways and GO terms (with a cut-off of P<0.05). After gene
annotation function, STRING (Search Tool for the Retrieval of
Interacting Genes/Proteins; https://string-db.org/) was used to
identify the relationship between protein expression levels, in
which a protein-protein interaction network was created.

Co-expression analysis and transcription factor prediction.
Co-expression analysis is used to perform correlation analysis
on the signal value trend of differential expressed IncRNA
and mRNA in all samples (experimental group and control
group) after comparison. Correlation, >0.99 or <-0.99 was used
as the screening criteria, with P<0.05. The IncRNA/mRNA
relationship pair, that met the aforementioned conditions was
considered to have a co expression relationship. Transcription
factor prediction (TFs_predict), which uses the Match-1.0 Public
(http://gene-regulation.com/pub/programs.html%?23match) tran-
scription factor prediction tool, was used to predict the binding
sites of TFs, 2,000 bp upstream and 500 bp downstream of the
start site of each IncRNA based on the co-expression results,
and network diagrams are created using Cytoscape (http:/www.
cytoscape.org/download.php) software.

RT-quantitative PCR (RT-gPCR). Total RNA from the cell
cultures was extracted using TRIzol® (Invitrogen; Thermo
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Table I. Primer sequences used for IncRNAs and mRNAs in reverse transcription-quantitative PCR.

Name

Forward primer sequence (5'-3")

Reverse primer sequence (5'-3')

ENST00000608897.1
ENST00000444196.1
ENST00000608741.1
XR_242163.1
ENST00000505196.1
ENST00000498032.1
ROPNIL

FANCC

FAM149B1

TRHR

IGF1

TTN

GAPDH

GTGCAAATACAGGCCAAGTCAG
TCGTGTGATCTGCCAGTTTC
TCTTCCTGGTGCACTCAGATG
CATACGAGATGGAGATATCATCC
AGCCCGGAAATAAGAATGGC
TCAAGAGACCGAGACCATCC
TGTGCCTGCCGAAGGAAAAAT
CTGCCATATTCCGGGTTGTTG
ATCTACTGAAGGAAGCTCGGAC
CCAAACACAGCTTCAGCCAC
GCTCTTCAGTTCGTGTGTGGA
CCCCATCGCCCATAAGACAC
GGAGTCCACTGGCGTCTTCA

TCCCCAAAAAGATGCCAAGG
TGGAAGGCAGGATTTTGACC
TTGCAGTCCTAACGCGACTC
CAAATTCTTCTTCTCTAAGATG
TTCTGGCCTGTGATGAACTCC
CTCACTACAAGCTCCGCCT
GTTCAAGGACCCACCAAGCAT
AGCACTGCGTAAACACCTGAA
CACACTCAACTTCTGCTCATACA
GGCTCACCAGGTAGCAGTTT
GCCTCCTTAGATCACAGCTCC
CCACGTAGCCCTCTTGCTTC
GTCATGAGTCCTTCCACGATACC

Inc, long non-coding.

Fisher Scientific, Inc.), reverse transcribed into cDNA using the
EasyScript® One-Step gDNA Removal and cDNA Synthesis
SuperMix kit (TransGen Biotech Co., Ltd.) for 15 min at 42°C,
5 sec at 85°C, then stored at 4°C until further use. gPCR was
performed on a CFX Connect Real-Time system (Bio-Rad
Laboratories, Inc.) with TransStart® Top Green qPCR SuperMix
(TransGen Biotech Co., Ltd.), according to the manufacturer's
protocol. GAPDH served as an internal control and was included
in the same PCR reaction with differentially expressed IncRNAs
and mRNAs for RT-qPCR. The primer sequences used for the
gPCR of the IncRNAs and mRNAs are listed in Table I. Relative
expression levels were quantified using the 2244 method (22).

Statistical analysis. Statistical analysis was performed using
SPSS 19.0 software (IBM Corp.). The data are presented as the
mean + SD. Differences between groups were assessed using a
two tailed unpaired t-test. P<0.05 was considered to indicate a
statistically significant difference.

Results

In vitro experiments. The preliminary in vitro experiments
showed that daidzein had the strongest inhibitory effect on
the proliferation of H1299 cells (data not shown); therefore,
these cells were used for further experiments. The soybean
isoflavones were extracted, which are the active ingredients
in legumes, and daidzein and its derivatives were synthesized
and purified. The experimental flow chart of the present study
is presented in Fig. 1.

Overview of IncRNAs and mRNAs profiles. The present
study aimed to investigate the effect of daidzein on H1299
cells. Gene cluster analysis of the mRNAs and IncRNAs was
performed following treatment with daidzein. The clustering
map demonstrated similarities between the samples.

As presented in Fig. 2, a significant difference in both
mRNAs and IncRNAs was observed between the experimental

group of cells treated with daidzein and the control group of
untreated with daidzein. Following the addition of daidzein,
the expression level of eight IncRNAs was upregulated in
the H1299 cells, while 111 IncRNAs were downregulated. In
addition, five mRNAs were upregulated and 35 mRNAs were
downregulated. In Fig. 2A and D, the top sample tree represents
the similarity clustering relationship between the different
samples. The top color block represents the expected grouping
of the samples manually set prior to the cluster analysis, and
the samples of the same color indicate that the experiment is
expected to be a group. The red line in Fig. 2B and E, X2, is the
threshold boundary line of the upregulated IncRNA/mRNAs,
while the green line X (-2) is the threshold boundary line of the
downregulated IncRNA/mRNAs, and the middle gray line is
the fitted line of the overall expression amount. The equation
in is the fitted line equation, and R represents the correlation
coefficient between the two sets of samples.

KEGG pathway enrichment and GO analysis. Microarray
analysis revealed that 40 mRNAs (5 upregulated and
35 downregulated) were significantly differentially expressed
in the H1299 cell line treated with daidzein compared with
that in the cells treated without daidzein (FC=2.0; P<0.05).
The top 20 significantly enriched KEGG pathway and disease
terms were selected. The top three terms that were enriched
for gene-affected diseases following daidzein treatment
were: ‘Erythropoietic protoporphyrin’, ‘malignant pleural
mesothelioma’ and ‘distal myopathy’. The addition of daidzein
also affected the genes involved in diseases, including
cancer of the lung and pleura, the results of which were
consistent with the research model (Fig. 3A). KEGG pathway
analysis revealed that ‘dilated cardiomyopathy’ (hsa05414),
‘hypertrophic cardiomyopathy’ (hsa05410), ‘long-term
depression’ (hsa04730), ‘p53 signaling pathway’ (hsa04115)
were included in the top 20 pathways (Fig. 3B).

As shown in Fig. 4, numerous differentially expressed
mRNAs, compared with that to the background mRNAs,
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Figure 1. Flow chart of the analysis performed in the present study. Inc, long non-coding; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and

Genomes.

were enriched in biological processes, molecular function and
cellular component categories, and the top 20 significantly
enriched terms were selected from GO analysis. The results
(Fig. 5) indicated that the most significantly enriched GO
terms associated with the differentially expressed mRNAs
were ‘detection of mechanical stimulus’ (biological processes;
G0:0050982; P=0.0010488989), ‘condensed chromosome’
(cellular component; GO:0000793; P=0.0012408009),
‘a-actinin binding’ (molecular function; GO:0051393;
P=0.0002475636). Several of the differentially expressed
genes were localized in the cytoplasm and altered the expres-
sion of molecular functional genes associated with ‘binding’.

Co-expression analysis. Co-expression analysis was performed to
determine the association between IncRNA and mRNA pairs, with
similar expression profiles, at the genomic level. The association
between differentially expressed mRNAs and IncRNAs following
the addition of daidzein is presented in Fig. SIA. Following the
addition of daidzein, the co-expressed mRNAs with differentially
expressed IncRNAs included: XLOC_I2_013457, LOC284825,
CIQTNF3, FILP1, FANCC, SPATA4, FLJ41455, ANKRDI12,
SYCP2,RTKN2 and MTHFD2L.

Transcription factor prediction. The transcription factor
was predicted (TFs_predict) using the Match-1.0 Public
transcription factor prediction tool (Fig. S1B). Based on the
co-expression results, the binding of transcription factors,
2,000 bp upstream and 500 bp downstream of each IncRNA
initiation sites was predicted. The relevant transcription factors
of differentially expressed IncRNAs, following the addition of
daidzein to the H1299 cells, included Oct-1, HNF-1, HNF-4,
Pax-4, COMP1, Pax-6, FOXD3 and FOXJ2.

RT-qPCR validation of microarray data. A total of six differ-
entially expressed IncRNAs and six mRNAs were randomly
selected to validate the microarray data. RT-qPCR analysis
was performed to determine the fold changes of selected
IncRNAs and mRNAs, respectively (Fig. 6). The fold-change
was positive when the expression was upregulated and negative

when the expression was downregulated. Thus, the RT-qPCR
results were consistent with the microarray data.

Construction of core gene interaction protein association. As
presented in Fig. 7, the somatostatin C protein encoded by the
insulin-like growth factor-1 (IGF1) gene interacted directly
with the IGF1 receptor, IRS, AKT and caspase-9 proteins.
Collectively, these results suggested that the IGF1 gene plays
an important role in the development of tumors.

Discussion

Lung cancer is one of the most common malignant tumors,
that threatens the health and life of those affected (23). Due
to the complexity of its molecular mechanisms, there has been
an increased effort to identify early and accurate prevention,
diagnosis and treatment to decrease the mortality rate (24).
Previous studies have demonstrated that soy products inhibit
tumor development (25-30). An epidemiological study
reported that soy-related foods can decrease the risk of lung
cancer mortality (31). A previous study demonstrated that
isoflavones were also associated with a decreased risk of lung
cancer, both in vivo and in vitro (32); however, the specific
molecular mechanism remains unclear. In addition, gene chip
technology has enabled the investigation of differential gene
expression, particularly in the identification of tumor differen-
tial genes (33,34).

A previous study reported that IncRNAs were differen-
tially expressed in normal and cancer cells (35). IncRNAs are
non-coding RNA molecules, ~200 nucleotides in length (36).
Aberrant IncRNA expression is a major characteristic of
several types of cancer, which has been demonstrated to play an
important role in promoting the development and progression
of human cancer (37). For example, upregulated expression of
the carcinogenic IncRNA, HOTAIR has been associated with
breast, colorectal and liver cancers (38,39). Zhang et al (40)
demonstrated that overexpression of IncRNA, UFCI1 promoted
the proliferation and migration of gastric cancer cells. The
association between IncRNA and lung cancer has also been
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Figure 2. Sample analysis of differentially expressed IncRNAs and mRNAs from the H1299 cell line treated with and without daidzein. (A and D) IncRNA
and mRNA expression profiles. Each column represents a sample, while each row represents the degree of expression of a IncRNA or mRNA in a different
sample. Red denotes high expression level, while green denotes low expression. (B and E) Scatter plots of the up- and downregulated IncRNA and mRNAs with
equations and log-converted values. The number of up- and downregulated IncRNA and mRNAs are presented in the upper left and lower right corners, respec-
tively. (C and F) Volcano plots showing the up- and downregulated IncRNA/mRNAs. The abscissa is -log,, (P-values) and the ordinate is log, (fold-change).
Red denotes the upregulated IncRNA/mRNAs, while green denotes the downregulated IncRNA/mRNAs, and black denotes no significant difference in gene

expression. NC, non-treated control; Inc, long non-coding.

extensively investigated (41-43). However, there is lack of
research into the molecular mechanism of action of soybean
and its products on lung cancer cells, using the expression
profile data of microarray.

The present study analyzed the difference in mRNA and
IncRNA expression levels between daidzein-treated and
-untreated H1299 lung cancer cells, based on the original
results of the gene chip. Bioinformatics (KEGG enrichment

and GO analyses) and RT-qPCR were performed to observe
the expression of differential genes to further investigate the
molecular mechanism of soy isoflavones and their derivatives
in NSCLC. Sample clustering demonstrated that there was a
significant difference between the experimental and the control
groups, suggesting that daidzein could significantly affect the
IncRNA and mRNA expression levels in lung cancer cells.
The results of this experiment demonstrated that following
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Figure 3. Enrichment analysis of differentially expressed mRNAs. The top 20 significantly enriched (A) disease terms and (B) pathway terms were selected.
The-log (corrected P-value) indicates the significance of the KEGG disease terms and pathways. KEGG, Kyoto Encyclopedia of Genes and Genomes.

treatment with daidzein, eight and 11 IncRNAs were up- and
downregulated in H1299 lung cancer cells, respectively. In
addition, five and 35 mRNAs were up- and downregulated,
respectively. To obtain preliminary insights into IncRNA
target gene function, GO and KEGG enrichment analyses were
performed using the IncRNA target gene pool. KEGG analysis
of the differentially expressed IncRNAs identified the top 20
diseases associated, which included cancers of the lung and
pleura and malignant pleural mesothelioma diseases. KEGG
analysis also demonstrated that the addition of daidzein affected
the pathways involved in cancer-associated genes, namely the
P53 signaling pathway, suggesting that the addition of daidzein

could affect tumor proliferation. GO analysis revealed that the
genes involved in stress-related biological processes changed
following addition of daidzein to lung cancer cells. Several
of the differentially expressed genes were localized in the
cytoplasm and altered the expression of molecular functional
genes associated with ‘binding’. Collectively, these results
suggested that the molecular mechanism of action of daidzein
in the lung cancer cells may be associated with the alteration of
molecular functions associated with ‘binding’ in the cytoplasm.
RT-q PCR was performed using six randomly selected IncRNAs
and mRNAs in samples from a lung cancer cell line to validate
the microarray results. A total of six IncRNAs and mRNAs
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Figure 5. GO enrichment analysis results (top 20) for BP, MF and CC of differentially expressed mRNAs in H1299 lung cancer cells treated with daidzein.

P-values are shown.

identified in the microarray analysis were confirmed to be
aberrantly expressed in lung cancer cells via RT-qPCR analysis.

As lung cancer is a serious threat to human health,
researchers have been investigating the molecular mechanisms
that inhibit lung cancer from all aspects, including the prolif-
eration, invasion, metastasis, autophagy and apoptosis of lung

cancer cells (44-47). There are several studies investigating the
apoptotic mechanism associated with the p53 gene (48-50). It
is well-known that p53 plays a key role in inducing apoptosis
in numerous types of cancer, such as lung, gastric and prostate
cancers (51-53). In a previous study, daidzein inhibited the prolif-
eration and NF-«xB signaling pathway in lung cancer cells (54).
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Figure 7. Protein-protein interaction network of the pathways from the differ-
entially expressed mRNAs.

Therefore, it was hypothesized that daidzein could promote the
apoptosis of cancer cells via the P53 apoptosis pathway, which
could inhibit the proliferation of lung cancer cells. From the
microarray analysis, in the present study, the P53 pathway was
included in the top 20 pathways with differential gene enrich-
ment, which provides a potential mechanism for future research,
to further identify the specific mechanism involved.

Previous studies have demonstrated that high IGF1
expression level was associated with an increased risk of breast,
prostate, colorectal and lung cancers (55-58). In addition,
the IGF-binding protein, that regulates the IGF1 gene, has
been found to have proapoptotic activities, both dependent
and independent of p53 (59). Zhang et al (60) reported that

the IGF1 receptor plays a key role in radiation-induced
apoptosis of lung cancer cells. Furthermore, a previous study
demonstrated that the occurrence of lung cancer is associated
with the dysregulation of IGF1, which affects the tumor
suppressor gene, p53 (61). Consistent with these previous
findings, the results of the present study demonstrated that
IGF1 was differentially expressed and the addition of daidzein
to the lung cancer cell line affected the p53 signaling pathway.

The present study has two major limitations. First, the
study only focused on the H1299 cell line of NSCLC; therefore,
other NSCLC cell lines and those from SCLC will also be
investigated in future research. Second, the present study lacks
clinical data, which will be also be included in future studies
to validate the results in the present study.

It has been hypothesized that IGF1 also plays a key role
in the effects of daidzein in lung cancer. The present study
constructed a protein-protein interaction network of the
IGF1 gene using the STRING online database. The results
suggested that IGF1 could mediate apoptosis by interacting
with other genes in cancer-related pathways, thereby inhib-
iting tumor cell proliferation. This IGF1 protein forms a
signaling pathway with the IGF1 receptor, IRS, AKT and
caspase-9 proteins. Notably, IGF1 or a protein that inter-
acted with IGF1 was involved in malignant tumors via the
PI3K/pAKT pathway (62,63) AKT, also known as protein
kinase B or Rac, is an oncogenic protein, that plays an
important role in cell survival and apoptosis (64). Insulin
growth factors and survival factors, including nerve growth
factor and peptide trophic factors could activate the AKT
signaling pathway (65). Abnormal expression of AKT and
overactivation of AKT-associated pathways have been found
to be involved in the development of different types of cancer,
including lung, breast, ovarian and pancreatic cancers, and
have been associated with the proliferation and survival of
lung cancer cells and apoptosis (66-69). Taken together, these
findings suggested that the AKT signaling pathway could be
used as a therapeutic target for lung cancer.

In mammalian cells, one of the endogenous pathways
of apoptosis is the activation of caspase-9 (70). Caspases
are proteolytic enzymes, that are involved in cell apoptosis.
Caspase-9 is one of the most critical components of apoptosis



in the caspase family (54). Previous studies have provided
valuable insight for the potential of daidzein to induce apop-
tosis via different pathways and delay the progression of lung
cancer (71,72). Thus, the IGF1 gene has been considered as a
promising candidate gene, and the gene network should be the
focus of follow-up research on the molecular mechanism of
soybean action in lung cancer. Collectively, the results of the
present study provide a novel biomarker for the treatment of
lung cancer; however, further research is required to validate
the results.

In conclusion, the results of the present study revealed a
set of IncRNAs which were differentially expressed in lung
cancer cells following treatment with daidzein. Taken together,
these findings suggested that daidzein could significantly
affect IncRNA expression in lung cancer cells. Furthermore,
the results also demonstrated that the molecular mechanism
of action of daidzein in lung cancer cells may be associated
with the alteration of molecular functions associated with
‘binding’ in the cytoplasm. The results presented here provide
novel insight into the molecular mechanism of daidzein in
the H1299 lung cancer cell line. In addition, genes were also
identified that were co-expressed with mRNAs, as well as
transcription factors predicted by IncRNAs, and promising
core genes and signaling pathways. Collectively, the present
study provided novel insights into the molecular mechanism
of IncRNAs associated with the effect of daidzein in lung
cancer and suggested that daidzein may effectively delay the
progression of lung cancer.
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