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Ellagic acid inhibits human colon cancer HCT-116 cells by 
regulating long noncoding RNAs
Jinlu Zhao*, Guodong Li*, Yi Ren, Zhicheng Zhang, Hongsheng Chen,  
Haopeng Zhang, Xingyu Zhao, Wang Li, Yucheng Jia, Xue Guan, and Ming Liu

The natural phenolic compound ellagic acid exerts 
anti-cancer effects, including activity against colorectal 
cancer (CRC). Previously, we reported that ellagic acid 
can inhibit the proliferation of CRC, and can induce 
cell cycle arrest and apoptosis. This study investigated 
ellagic acid-mediated anticancer effects using the human 
colon cancer HCT-116 cell line. After 72 h of ellagic acid 
treatment, a total of 206 long noncoding RNAs (lncRNAs) 
with differential expression greater than 1.5-fold were 
identified (115 down-regulated and 91 up-regulated). 
Furthermore, the co-expression network analysis of 
differentially expressed lncRNA and mRNA showed that 
differential expressed lncRNA might be the target of 

ellagic acid activity in inhibiting CRC. Anti-Cancer Drugs 
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Introduction
Among the most prevalent tumor types, colorectal can-
cer (CRC) has become a common cancer with the third 
highest morbidity and mortality in the world, while the 
number of cancer-incurred deaths due to CRC is in sec-
ond place worldwide [1]. The core mechanism of CRC 
involves a multi-step disease. This process includes 
the gradual accumulation and interaction of multi-
ple factors such as the microenvironment and genetic 
changes [2]. Hence, the application of more advanced 
drugs targeting novel targets will enhance the current 
success rate of CRC treatment [3]. However, success-
ful drug development is hampered because there is a 
certain gap in the understanding and cognition of the 
molecular mechanisms involved in CRC development 
and progression, which also leads to an unsatisfactory 
prognosis for many patients. Thus, it is crucial to fur-
ther investigate the molecular activities associated with 
CRC, with the aim to facilitate the discovery of novel 
therapeutic targets.

High-throughput sequencing analysis of transcriptomes 
and genomes has revealed that less than 2% of the genome 
encodes proteins, while no less than 75% of genes will be 
actively transcribed by noncoding RNA (ncRNA) [4,5]. 
Based on the above, the core of the research effort to date 
is based on 2% protein-coding genes, which indicates 

that the results are not fully representative of the disease 
nor do they fully reflect the core mechanisms involved 
in carcinogenesis [6,7]. Thus, the identified mechanisms 
to date may not be the only biological reference markers 
in clinical practice. Long noncoding RNAs (lncRNAs) 
are nonprotein-coding transcripts longer than 200 nucle-
otides. Numerous complex mechanisms are involved in 
their activity, which also suggests there are numerous 
potential implications for lncRNAs in different stages of 
carcinogenesis and progression [8,9]. Currently, lncRNAs 
are considered a core regulatory component of tumor 
development and metastasis and have been attributed 
roles involving the regulation of chromatin organization 
before and after gene transcription [10–13]. Furthermore, 
the subcellular localization of lncRNAs is also very impor-
tant in determining their function [5].

Through many studies at this stage, it can be concluded 
that the abnormal expression of lncRNAs is associated 
with tumor growth, apoptosis, and cell cycle regulation 
in CRC, which also indicates that these lncRNAs can be 
used as new molecular markers for diagnosis, prognosis, 
and treatment [9,14–18]. However, whether lncRNAs 
inhibit the growth of tumor cells via anti-tumor agents 
still needs to be further explored.

Chemoprevention is a realistic and effective treatment strategy 
against cancer [19]. Ellagic acid [2,3,7,8-tetrahydroxy-chrom-
eno (5,4,3-cde) chromene-5,10-dione; International Union 
of Pure and Applied Chemistry], is a polyphenol found in 
woody plants and fruits including nuts, grapes, and berries 
[20], and is regarded as a potential chemo-preventive agent, 
inhibiting proliferation in a variety of cancer types [20,21]. 
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Previous research findings from in-vitro and in-vivo tests have 
indicated that ellagic acid exhibits remarkable inhibitory 
effects against CRC, suggesting it has an effective anti-tumor 
role against CRC [22–24]. However, the molecular activities 
relevant to the cellular responses induced by ellagic acid, 
especially their regulatory mechanisms in transcription and 
protein interaction, have not been investigated in depth. 
Moreover, previous studies have never tested the relevant 
lncRNA targets. Therefore, this study aimed to clarify the 
lncRNA targets of ellagic acid able to inhibit the growth of 
HCT-116 CRC cells, accordingly providing a theoretical basis 
for precision therapy in CRC.

In our previous studies using microarray analysis using the 
AffymetrixGeneChip Human Transcriptome Array 2.0 
(HTA; Affymetrix, Inc., Santa Clara, California, USA), we 
observed that treatment with ellagic acid not only inhib-
ited CRC cell proliferation but also was accompanied by 
significantly changed expression levels of 857 genes (494 
genes down-regulated, 363 genes up-regulated) after 72 h 
of treatment, with minimum 1.5-fold change in expres-
sion [25,26]. Furthermore, we also obtained data on differ-
entially expressed lncRNAs from the microarray analysis. 
As a part of the follow-up to that project, this study veri-
fied that ellagic acid could inhibit the growth of HCT-116 
CRC cells by regulating lncRNA targets, which in turn 
influenced the expression of their mRNA targets.

Materials and methods
RNA preparation and microarray analysis
Total RNA was extracted from HCT116 cells (from ATCC 
cell bank) using the Trizol method (Invitrogen, Carlsbad, 
California, USA). Cells were treated with ellagic acid or 
four independent dimethyl sulfoxide (DMSO), and then 
treated with DNase I (Invitrogen) before further process-
ing. The integrity of RNA is assessed by denaturing aga-
rose gel electrophoresis. The Affymetrix HTA Gene Chip 
(Affymetrix, Inc.) was used to study and analyze the global 
expression profile of human lncRNA and protein-coding 
transcripts of HCT116 cells [25]. In this microarray, 26 816 
coding transcripts and 39 128 lncRNAs were included 
[25]. Using random primers, each sample was amplified 
together with the full length of the transcript and then 
transcribed to cRNA using fluorescent markers without 3ʹ 
bias. Heat maps and unsupervised hierarchical clustering 
were performed based on the relative expression levels 
using the Cluster-Treeview program: Affymetrix.

Categories of long noncoding RNA
The type of lncRNA determined its genomic location 
relative to the coding gene [27–29]. The categories were 
defined as sense, intergenic, antisense, and bidirectional 
lncRNA. If the lncRNA exon and the coding transcript 
exon on the same genome chain overlapped to a certain 
extent, then a sense lncRNA was defined. Bidirectional 
lncRNA was identified when the entire lncRNA sequence 
was within 1000 bp of the coding transcript. The antisense 

lncRNA overlaps with the antisense coding transcript. 
Intergenic lncRNA indicates that there is no bidirectional 
coding transcript or overlap around annotated coding genes.

Gene Ontology analysis and Kyoto Encyclopedia of 
Genes and Genomes pathway analysis
Standard Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway enrichment and Gene Ontology annotation 
analysis were performed to determine the core function of the 
closest genes preferentially associated with lncRNA expres-
sion. The category of Gene Ontology is derived from Gene 
Ontology. Gene Ontology covers a three-level structured net-
work, and its defined terms describe the specific attributes of 
gene products [30]. Fisher’s test was mainly to compare sta-
tistically significant associations. The P value indicates the 
importance of Gene Ontology enrichment category identified 
for the differentially expressed lncRNA/gene list. The objec-
tive of pathway analysis is to identify the potential functional 
role of differentially expressed coding genes using the most 
recent database of known KEGG pathways, and the results 
of pathway analysis were subsequently used to determine the 
role of differentially expressed lncRNAs. Further combination 
with Gene Ontology analysis was used to analyze the mutual 
influence and effects of lncRNAs and coding genes resulting 
from the ellagic acid-induced apoptosis of HCT116 cells [31].

Analysis of the long noncoding RNA–gene network
The Gminix-Cloud Biotechnology Information  online 
laboratory uses differential lncRNA and differential gene 
expression characteristics to establish a potential lncRNA 
and gene network. This network allows to define the 
relationship and underlying mechanisms between dif-
ferentially expressed genes and lncRNA. This network 
absorbs the scale-free characteristics of large amounts of 
data and relies on the effects of genes and lncRNAs to 
achieve a simulation of the scale-free relationship. For 
analytical purposes, we optimally selected no less than 
200 genes and no less than 30 lncRNAs.

The analysis method for clustering genes and lncRNA 
networks includes the following steps: the expression 
profiles of differential lncRNA and differential genes 
are input and through pairwise correlations, a contin-
gency matrix is established for each pair identified. 
Subsequently, for each hub gene (lncRNA or gene), the 
degree of connectivity and the adjacency matrix (a

ij
) 

of each pair is obtained. For each cluster (a β value is 
selected from 1 to 30), linear regression is performed on 
log(k) and log(p(k)), to linearly transform the two equa-
tions and yield a slope that is approximately −1. The aver-
age value cannot be too low. Calculation of the difference 
between any two nodes is used as the distance to define 
the hybrid hierarchical clustering algorithm to achieve 
several central nodes and modules for the dendrogram.

Each cluster reflects multiple subgroups of nodes that share 
a close relationship and serves to represent the functions 
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and individual interactions more accurately. Not only that, 
when the expression data set does not meet the conditions 
required for the scale-free analysis, then the threshold α is 
selected, and the adjacency matrix (a

ij
) is obtained together 

with the similarity coefficient matrix (s
ij
):

aij = Isij>α

Here ‘I’ is an indication function: it is 1 when sij > α oth-
erwise it is given a value of 0. Next, we derive the adja-
cency matrix, whose elements are 0 or 1, and the network 
graph can be generated based on these values: two nodes 
i and j are connected if and only if sij = 1. The thresh-
old must be carefully selected so that the dendrogram 
can show the main relationships between nodes, and the 
average strength of interaction should not be too low.

Real-time reverse transcription analysis
After 72 h of treatment with ellagic acid (E2250, purity ≥ 95%; 
Sigma) or negative control, TRIzol reagent (Invitrogen, 
USA) and RNeasy reagent kit (Qiagen, Germany) were 
used to obtain total RNA. Subsequently, the purity and 
integrity of ribosomal RNA were evaluated [25,26].

Total RNA from HCT-116 cells receiving a 72-h treat-
ment with ellagic acid (100 µM, an optimal concentration 
of ellagic acid determined from our previous report [25]) 
was used for transcriptomics analysis of selected target 
genes using real-time quantitative PCR (RT-qPCR). RNA 
(2 µg) was reversely transcribed to cDNA using the Super 
Script II reverse transcriptase kit (Life Technologies, 
Thermo Fisher Scientific, USA) and oligo (dT) primers. 
Specific primers (Sangon Biotech Co., Ltd, Shanghai, 
China) used for the reactions are listed in Table 1 and the 
ABI Prism 7900HT sequence detection system (Applied 
Biosystems, USA) was used to perform RT-qPCR. The 
data analysis was based on the comparative or ΔΔCt 
method. The normalization of results was achieved using 
β-actin levels as the reference gene [25,26].

Bioinformatics analysis
The sequence conservation of lncRNA and its related 
protein-coding genes was determined using the 

University of California Santa Cruz genome browser 
(http://genome.ucsc.edu/) and other available databases 
therein. LncRNA considered in the analysis included: 
bidirectional lncRNA, promoter-associated lncRNA, 
intronic lncRNA, and cis- and antisense lncRNA. During 
the analysis, various epigenetic phenomena were incor-
porated to facilitate the identification of noncoding regu-
latory elements.

Statistical analysis
Volcano plot filtering was used to identify statistically sig-
nificant differentially expressed mRNA and lncRNA. The 
threshold fold change for up-regulation and down-regu-
lation of gene expression was set at ≥1.5 (P value ≤ 0.05). 
Values were expressed by mean ± SE and by GraphPad 
Prism version 5.0, USA was used for all statistical analysis. 
The Student’s test was used to compare the differences 
in the means between the two groups. A P value of <0.05 
represents acceptable significance.

Results
Global profiling of long noncoding RNA and coding 
genes in ellagic acid-treated HCT116 cells
In previous studies, it was found that 100 μM ellagic acid 
could effectively reduce the proliferation of HCT116 
cells by 50% within 72 h [25,26]. We used similar treat-
ment conditions (dose and time) for the HCT116 cell 
line in the microarray analysis covering 26 816 coding 
transcripts and 39 128 lncRNAs. We verified whether the 
coding gene and expression profile of lncRNA could be 
used to define the role played by lncRNA in the growth 
of CRC cells exposed to ellagic acid. The Volcano plot 
is shown in Fig.  1. Total RNA from four independent 
experiments of DMSO or ellagic acid-treated HCT116 
cell (24 h) was isolated to study gene expression using 
the Human LncRNA Microarray V2.0. Volcano Plot 
analysis of the microarray chip data on the differentially 
expressed lncRNA between the ellagic acid treated and 
control group. The vertical green lines correspond to a 
1.5-fold up- and down-regulation while the horizontal 
green line represents a P value of 0.05. The data showed 
that 74.24% of coding genes and 52.32% of ncRNA were 
expressed above background levels (Table  2). Volcano 
maps are important tools used to visualize the differ-
ential gene expression patterns between two different 
conditions. Herein, we used Volcano plot analysis to 
compare the control group and the ellagic acid treat-
ment group. The findings showed that 2.98% (959) of 
coding genes and 2.46% (961) of ncRNA were signifi-
cantly expressed following treatment with ellagic acid 
(Table 2). Next, a hierarchical cluster analysis method 
was adopted to analyze gene expression patterns associ-
ated with the proliferation of HCT116 cells in response 
to ellagic acid treatment. The findings showed the 
lncRNA expression profile between the control group 
and the ellagic acid treatment group differed signifi-
cantly (Fig. 2a).

Table 1 Oligonucleotide primer sequences used in the quantita-
tive real-time real-time-PCR

Primer name Primer sequence 

GAPDH
CTTTGGTATCGTGGAAGGACTC
CAGTAGAGGCAGGGATGATGTT

DDX11-AS1 ATCCCACCCTGCCTTTGATG
AACGGGGCTGAAGCTCTAAC

LINC00152 CACCCCTTGTGGGTTCAGAG
TGGTTTATTCTTGCCGGGGT

LINC00622 AGGCAAGTGGGTTTGAAGCA
CACTCTAGGTCTTGCCCTCC

LUCAT1 TTCTGGGCAGGACAGTTGTG
ATCCTTGAGGTGCTCGCTTC

UCA1 GCCAGCCTCAGCTTAATCCA
CCCTGTTGCTAAGCCGATGA

RT-PCR, real-time PCR.

http://genome.ucsc.edu/
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Differentially expressed lncRNAs and interacting 
coding genes in ellagic acid-treated proliferating 
HCT116 cells
Further analysis of 206 of the 961 differentially expressed 
ncRNAs following exposure to ellagic acid were lncRNA, 
were identified using different databases (Fig. 2b). The 
co-expression of coding genes and lncRNA pairs was 
evaluated by Fisher’s exact test adjusted by Bonferroni 
corrections for multiple tests. If the P value was <0.01 and 
was within a given percentile, the gene expression was 
considered a co-expression. For a more in-depth analy-
sis of the functional interactions, two Gene Ontology 
analyses were performed. The first mainly linked a 
coding gene with no less than three lncRNAs (Fig. 3a), 
and vice versa the other analysis mainly connected one 

lncRNAs with no less than three coding genes (Fig. 3b). 
The bar graph shows the top 10 enrichment score val-
ues of significantly enriched molecular function items. 
Gene Ontology analysis of co-expressed coding genes 
and lncRNA found that genes with cyclin-dependent 
protein kinase inhibitor activity, oxidoreductase activity, 
and catalytic activity were preferentially enriched. The 
co-expressed lncRNA genes whose expression level was 
greater than two-fold were selected for Gene Ontology 
analysis. Co-expression networks of differentially lncR-
NAs and closely related mRNAs were also constructed 
to determine whether the differentially expressed lncR-
NAs and mRNAs were involved in a potential interactive 
mechanism (Fig. 4). Table 3 lists the top 10 differentially 
expressed lncRNAs. The expression levels of n335183, 
n340042, n326000, n335586, and TCONS_00004331-
XLOC_002204 increased significantly, and were highly 
up-regulated genes in ellagic acid-treated CRC HTC116 
cells, while NR_003706, NR_002983, NR_002971, 
n383862, and n341216 decreased significantly. Further 
comparison and analysis of gene expression changes 
induced by ellagic acid were performed using RT-qPCR 
to confirm the microarray data. Differential expression 

Fig. 1

Profiling of ellagic acid-regulated lncRNA and coding RNA. The red dots to the left and to the right of the vertical green lines indicate more than 
a 1.5-fold change. Statistical significance was defined as fold change ≥1.5 and P value ≤ 0.05 between ellagic acid-treated and control (DMSO) 
groups. DMSO, dimethyl sulfoxide; lncRNA, long noncoding RNA.

Table 2 Summary of microarray data

Probe class Total 
Expressed above 

background 
Differentially 
expressed 

Coding expression 26 816 19 371 (72.24%) 959 (2.98%)
Noncoding expression 39 128 20 473 (52.32%) 961 (2.46%)

Statistically significant differentially expressed long noncoding RNA and mRNA 
from the Volcano plot filtering having fold change ≥1.5 (P value ≤0.05).
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of the selected known lncRNAs was consistent with 
the microarray data shown in Table  4. Based on the 
lncRNA-mRNA Co-expression network, we found five 
regulated functional target genes [CDKN1A, kinesin 
family member 4A (KIF4A), anti-silencing function 1A 
(ASF1A), nucleolin, and rho-related coiled-coil contain-
ing protein kinase 1 (ROCK1)] shown in Table 5.

Discussion
CRC is a devastating malignant disease, ranking fifth and 
second among the most common causes of death from 
cancer in China [32] and western countries [33], respec-
tively. Although effective therapeutic strategies have 
been developed in previous decades, the 5-year overall 
survival of CRC patients remains unsatisfactory, owing 
to the limited number of currently adopted prognos-
tic factors (e.g. vascular and neural invasion, a low lym-
phocyte-to-monocyte ratio, and tumor stage III/IV) [3]. 
Chemo-prevention is an effective method for the inhibi-
tion of cancer cell growth. However, our understanding of 
CRC pathogenesis remained limited. Thus, it was crucial 
to further investigate the molecular activities associated 

with CRC, with the aim of identifying novel therapeutic 
targets.

Ellagic acid is considered a potential chemo-preven-
tive agent given its capacity to inhibit the proliferation 
of various types of cancer [34]. Based on in-vitro and 
in-vivo experiments, ellagic acid has been reported to 
cause a remarkable delay in CRC progression, suggest-
ing that ellagic acid might exert an anti-tumor role in 
CRC [35,36]. However, the relevant molecular path-
ways determining the cellular response to ellagic acid, 
especially those related to transcriptional regulation and 
protein production, have not been clarified in detail. 
Therefore, it is clinically relevant to determine the 
molecular mechanisms and targets of ellagic acid-in-
duced inhibition of growth in HCT-116 CRC cells. 
Although most studies have suggested the involvement 
of target genes in this process, few have investigated the 
role of lncRNAs.

Generally, high-throughput microarray technology has 
been used to search for differentially expressed lncR-
NAs using tissue samples and cell lines. Zhou et al. [37] 

Fig. 2

LncRNA from DMSO- and ellagic acid-treated HCT116 cells. (a) Heat map presentation of the expression profile of lncRNA. Each column repre-
sents a sample and each row represents a gene. Three independent experiments for each DMSO and ellagic acid-treatment group. (b) The category 
and distribution of the differentially expressed lncRNA in DMSO- and ellagic acid-treated HCT116 cells. DMSO, dimethyl sulfoxide; lncRNA, long 
noncoding RNA.
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adopted this method to study differences in mRNA and 
lncRNA expression profiles between hypopharyngeal 
squamous cell carcinoma tissues and adjacent non-tumor 
tissues, and analyzed the significantly dysregulated genes 
[38–40].

We used microarray analysis to systematically analyze 
and study the underlying mechanism of genes and path-
ways of ellagic acid-induced inhibition of HCT-116 CRC 
cell proliferation [25]. Meanwhile, in our previous study, 
microarray analysis showed that, after a 72-h exposure to 
ellagic acid treatment, a total of 4738 genes exhibited an 
over 1.2-fold change in expression levels [25]. The find-
ings of the current study demonstrated that the ellagic 
acid-treated HCT-116 was arrested in the G0/G1 phase of 
the cell cycle, and thereby led to cell apoptosis.

Accordingly, the regulatory function of ellagic acid on the 
lncRNA expression in CRC cells suggests these may rep-
resent a potential therapeutic strategy for CRC. Further 
research is warranted to better understand the potential 
clinical application of ellagic acid in cancer therapy.

It has been reported that multiple lncRNAs may be 
involved in carcinogenesis ability or act as tumor sup-
pressor genes [41–43]. Although the changes in lncRNA 
expression levels are associated with the development of 
CRC, the molecular mechanisms involved still require 
further study. Many studies have shown that there is a 
great correlation between lncRNA expression and CRC. 
Furthermore, our novel findings show that exposure to 

ellagic acid changes the expression of many coding RNAs 
and lncRNAs. These differentially expressed lncRNA 
may be the target of ellagic acid-inhibition of CRC cell 
proliferation.

Multiple studies have demonstrated the regulation of 
protein-coding gene changes in multiple cancer cells 
treated with ellagic acid. The comparative analysis found 
that changes in coding gene expression were more closely 
associated with changes in lncRNA expression. Moreover, 
the coding genes regulated by ellagic acid have cyclin-de-
pendent protein kinase inhibitor activity, oxidoreductase, 
and catalytic activity (Fig. 3a and b). Altogether, this evi-
dence supports the concept that lncRNA has an impor-
tant role in ellagic acid-induced CRC cell death. Analysis 
of confirmatory RT-qPCR results showed there a great 
correlation with the microarray expression data obtained 
in our study. Figure 4 shows the entire study workflow. 
Demonstration of the differential expression of target 
genes using RT-qPCR shows that microarray analysis is 
reproducible and reliable.

As described above, lncRNAs play obvious molecu-
lar roles. Although lncRNAs may also exert epigenetic 
effects as precursors of small RNA, lncRNAs have been 
reported to play an important role in dose compensa-
tion, chromatin regulation, genomic imprinting, and 
many other biological processes [42–44]. Furthermore, 
there is evidence indicating that lncRNAs respond to 
stress in a variety of ways, which are also cell-type and/

Fig. 3

Gene Ontology analysis of lncRNA-associated with coding genes. (a) Gene Ontology analysis of coding genes in which one coding gene is associ-
ated with at least three lncRNA. The top 10 significantly enriched molecular functions along with their scores are listed on the x-axis and the y-axis, 
respectively. (b) KEGG pathway analysis of coding genes in which one lncRNA is connected to at least three mRNAs. The size of the dots indicates 
the number of enriched PCGs; the color of the dots represents the degree of significance based on the P value. KEGG, Kyoto Encyclopedia of 
Genes and Genomes; lncRNA, long noncoding RNA; PCGs; protein-coding genes.
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or drug-specific [45]. Intergenic lncRNAs account for 
half of the total expressed lncRNA. Intergenic lncRNA 
can effectively regulate gene expression by modifying 
RNA binding proteins or chromatin complex forma-
tion. Moreover, there are many reports describing dys-
regulated expression of lncRNAs in genes and cancers 
[46,47]. Intergenic lncRNA is considered a new link for 
the entire process of oncogenesis and can be used in 
multiple steps of treatment [47]. LncRNAs have also 
been reported to be very important in the entire pro-
cess of CRC. For example, Tao et al. [48] reported that 
nuclear factor-κB-interacting lncRNA is down-regu-
lated in CRC, and can obviously exert a certain tumor 

suppressor effect. Tsai [49] reported that Linc00659 acts 
as a new type of oncogene in the process of CRC by reg-
ulating the growth of cancer cells. Studies by Zhang [50] 
determined that the expression of glucose phosphate 
mutant enzyme 5 antisense RNA1 (PGM5-AS1) in 
CRC tissues was significantly down-regulated in vivo in 
humans, while in-vitro PGM5-AS1 inhibits the growth 
of CRC cells as determined by the comparison and anal-
ysis of abnormally expressed genes in the GeneChip 
microarray.

The present study compared 1783 mRNA and 1658 
lncRNAs differentially expressed in CRC tissue samples. 

Fig. 4

Co-expression network of DE lncRNA and differentially expressed mRNA. The squares represent lncRNA, the circles represent mRNA, the size of 
the shape represents the weighted value, red indicates up-regulation, and blue indicates down-regulation. lncRNA, long noncoding RNA.

Table 3 Relative changes in expression (ratio treated/control cells) of selected top 10 long noncoding RNAs from HCT-116 cells after a 
72-h exposure to ellagic acid

Probe set ID Gene symbol Accession number Fold change P value Gene feature 

TC04002654.hg.1  n335183 −5.6161 2.5E-05 Down
TC17000796.hg.1 SNORA38B NR_003706 5.16439 2.7E-05 Up
TC10002092.hg.1  n340042 −5.1424 3.4E-05 Down
TC01002542.hg.1 SNORA55 NR_002983 4.88078 5.8E-05 Up
TC10002570.hg.1  n326000 −4.4784 7.7E-05 Down
TC15002176.hg.1  n335586 −4.2177 5.6E-05 Down
TC06000375.hg.1 SNORA38 NR_002971 4.08637 4.6E-05 Up
TC02004404.hg.1  TCONS_00004331-XLOC_002204 −4.0827 0.00038 Down
TC20001451.hg.1  n383862 4.02566 8.4E-05 Up
TC07002222.hg.1  n341216 3.95474 0.00012 Up
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Regulating corresponding mRNAs is one of the main 
ways that lncRNAs exert their regulatory functions. 
We documented the selective differential expression of 
lncRNA in ellagic acid-treated CRC cells. The functions 
of many identified lncRNAs are uncertain. Through the 
effective establishment of the lncRNA-mRNA co-expres-
sion network, the identification of key lncRNAs and their 
target gene related to ellagic acid grown in HCT116 cells 
can be achieved. According to the analysis of lncRNA/
mRNA co-expression network, the expression of mRNA 
associated with several oncogenes, such as ASF1A, 
KIF4A, nucleolin and ROCK1, was down-regulated by 
corresponding ellagic acid-inhibited LncRNAs n335586, 
n340075, n342597, and ENST00000548702. The n335586 
was the most down-regulated lncRNA, and it was also the 
most significant hub gene with 26 related edges. Related 
coding mRNAs include several genes that are significantly 
related to the occurrence of cancer. The lncRNA n335586 
has a length of 270 nt and is located on the CKMT1A gene 
on chromosome 15. It is reported that overexpression of 
lnc n335586 contributes to cell migration and invasion of 
hepatocellular carcinoma cells [51]. LncRNA n335586 has 
more neighbors in the network, indicating its important 
role in regulating gene expression and protein translation 
determining the anti-proliferative effects observed in 
ellagic acid-treated HCT116 cells.

In summary, our findings effectively underline the impor-
tant role of differentially expressed lncRNAs involved 
in the ellagic acid-mediated apoptosis of CRC cells. 
We identified the lncRNA n335586 in CRC through 
integrated gene chip analysis. Differentially expressed 
lncRNA n335586 may act as a potentially important ther-
apeutic target for the treatment of human CRC. Thus, it 
is necessary to determine whether similar changes in the 
lncRNA transcriptome are observed in CRC patients and 
to further evaluate the potential role of lncRNA n335586 
as a therapeutic target for CRC. The above results point 
towards lncRNAs becoming biomarkers in the diagnosis 
and treatment of CRC.Ta
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Table 5 Crucial long noncoding RNAs and their mRNAs involved 
in the network

mRNA Gene feature lncRNA Relationship 

KIF4A Down
n335586

Positive

n340075
ASF1A Down ENST00000548702 Positive

n335586
n340075
n342597

Nucleolin Down ENST00000548702 Positive
n335586
n340075
n342597

ROCK1 Down ENST00000548702 Positive
n335586
n340075
n342597

ASF1A, anti-silencing function 1A; KIF4A, kinesin family member 4A; lncRNA, 
long noncoding RNA; ROCK1, rho-related coiled-coil containing protein kinase 1.
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