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Abstract

cell line HCT116.

Background: The long noncoding RNA (INncRNA) five prime to Xist (Ftx) is involved in distant metastasis in colorectal
cancer (CRC). This study aimed to investigate Ftx alteration-induced proteomic changes in the highly metastatic CRC

Methods: Tandem mass tag (TMT)-based proteomics analysis was performed to detect the differential protein
expression in Ftx-overexpressing and Ftx-silenced HCT116 cells. The differentially expressed proteins were classified
and characterized by bioinformatics analyses, including gene ontology (GO) annotation, GO/Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway/protein domain enrichment analyses, as well as hierarchical clustering. A total
of 5471 proteins were quantified, and the proteins with |fold change|> 1.2 and p < 0.05 were identified as differentially
expressed proteins in response to Ftx overexpression or silencing.

Results: The bioinformatics analyses revealed that the differentially expressed proteins were involved in a wide range
of GO terms and KEGG signaling pathways and contained multiple protein domains. These terms, pathways, and
protein domains were associated with tumorigenesis and metastasis in CRC.

Conclusions: Our results indicate that the alteration of Ftx expression induces proteomic changes in highly meta-
static HCT116 cells, suggesting that Ftx and its downstream molecules and signaling pathways could be potential
diagnostic biomarkers and therapeutic targets for metastatic CRC.

Keywords: Long noncoding RNA, Colorectal cancer, Proteome, Metastasis

Background

Colorectal cancer (CRC) is the third most common
cancer and the fourth leading cause of cancer deaths
worldwide, with a median survival of 20 months and
over 600,000 deaths per year [1]. Distant metastasis is
the major cause of CRC-related deaths. About 20% of
patients with CRC present distant metastases at the
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initial diagnosis, and approximately 50% of patients
develop metastases within fiveyears [2, 3]. There-
fore, there is a critical need to elucidate the underly-
ing mechanism of CRC metastasis and to identify novel
therapeutic targets for antimetastasis treatment. CRC
metastasis occurs through a sequential, multistep pro-
cess that involves multiple factors and mechanisms [4].
Recent studies have used proteomics analysis to identify
differentially expressed proteins in metastatic CRC com-
pared with primary CRC [5, 6], providing some useful
information for CRC diagnosis and treatment. However,
the upstream regulator that causes proteomic alterations
in metastatic CRC remains unexplored.

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12953-022-00187-1&domain=pdf

Jia et al. Proteome Science (2022) 20:7

Long noncoding RNAs (IncRNAs) represent a class of
noncoding transcripts containing more than 200 nucle-
otides [7]; they act as architectural RNAs, microRNA
sponges, or regulators of multiple cellular functions, such
as epigenetic modification, gene transcription, and post-
transcriptional processes [8]. Dysregulation of IncRNAs
is associated with various human diseases, including can-
cer [9] and plays a critical role in tumorigenesis, tumor
progression, and metastasis [10]. The IncRNA five prime
to Xist (Ftx) is a well-conserved 2300-bp RNA encoded
within the X-inactivation center on the X chromosome
[11]. Previous studies have shown that Ftx facilitates
tumor growth in many types of cancer, including hepa-
tocellular carcinoma, gastric cancer, and CRC [12-14].
Guo et al. have demonstrated that Ftx expression is sig-
nificantly upregulated in CRC tissue compared with nor-
mal tissue and that it positively correlates with the tumor
grade, pathologic stage, and overall survival of patients
with CRC. Ftx overexpression promotes cell prolifera-
tion, migration, invasion, and colony formation in mul-
tiple CRC cell lines [15]. Furthermore, Yang et al. have
found that Ftx expression is positively associated with
distant metastasis in CRC. In addition, knockdown of Ftx
markedly suppresses the malignant behavior of CRC cells
in vitro and inhibits CRC growth and distant metastasis
in vivo [14]. Although miRNA-215 and vimentin have
been shown to mediate the oncogenic role of Ftx in CRC,
the downstream molecules and signaling pathways of Ftx
in CRC tumorigenesis and metastasis remain unknown.
A recent study has demonstrated that overexpression or
knockdown of Ftx alters the proteomic profile of gastric
cancer cells, inducing the on/off switching of gastric car-
cinogenesis [16]. Therefore, we hypothesized that the
alteration in Ftx expression might induce metastasis-
related proteomic changes in CRC cells.

To test our hypothesis, we performed a tandem mass
tag (TMT)-based proteomics assay in highly metastatic
HCT116 CRC cells [17, 18] in response to Ftx overex-
pression or silencing. Using bioinformatics analysis,
we identified and characterized a panel of differentially
expressed proteins and signaling pathways that are
potential downstream targets of Ftx in CRC. These find-
ings may provide valuable clues toward a better under-
standing of the molecular mechanisms underlying CRC
metastasis.

Methods

Cell culture and transfection

HCT116 cells were obtained from the Cell Bank of
the Chinese Academy of Science (Shanghai, China)
and cultured in Dulbecco’s modified Eagle medium
(HyClone, Marlborough, MA, USA) supplemented with
10% fetal bovine serum in a humidified atmosphere of
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5% CO, at 37 °C. Lentiviral vectors (Shanghai Gene-
Chem, Shanghai, China) expressing Ftx, mock control,
small interfering RNA (shRNA) of Ftx, or scrambled
shRNA were constructed, according to the manufac-
turer’s protocol. The shRNA was amplified with the fol-
lowing primer for sequencing: 5-CcggTTGGCATAA
AGTGTAGTGTAACTCGAGTTACACTACACTTTA
TGCCAATTTTTg-3/, where the loop is bold under-
lined. The shRNA sequencing data were deposited at
the NCBI (https://www.ncbi.nlm.nih.gov/nuccore/NR_
028379.1). HCT116 cells were transfected with sh-Ftx
and screened with puromycin (2 pg/mL) to produce cell
lines with stably interfered expression of the IncRNA
Ftx, whereas HCT116 cells stably transfected with
sh-NC were used as its mock control. To obtain cell
lines stably overexpressing the IncRNA Ftx, HCT116
cells were transfected with Ftx and screened with
puromycin (2 pg/mL), whereas HCT116 cells trans-
fected with Ftx-NC were used as its mock control. The
stable IncRNA Ftx-interfered or -overexpressing cell
lines were validated by real-time PCR with the follow-
ing primers (forward: 5-GAATGTCCTTGTGAGGCA
GTTG-3' and reverse: 5-TGGTCACTCACATGGATG
ATCTG-3').

TMT labelling

Ftx-overexpressing or Ftx-silenced HCT116 cells were
lysed using lysis buffer containing 8 M urea, 1% protease
inhibitor, and 2 mM EDTA. The lysates were obtained by
centrifugation at 12,000 g and 4 °C for 10 min. Proteins
in the final lysate were quantified using a bicinchoninic
acid kit (Beyotime Biotechnology, Shanghai, China). The
proteins were then digested with trypsin (Promega, Mad-
ison, W1, USA) at a trypsin-to-protein ratio of 1:50 over-
night at 37 °C, followed by an additional 4-h digestion at
a trypsin-to-protein ratio of 1:100. The tryptic peptides
were desalted with a Strata X C18 cartridge (Phenome-
nex, Torrance, CA, USA) and freeze-dried in vacuo. Each
sample was resuspended in 0.5 M triethylammonium
bicarbonate (TEMB) solution and labeled using a TMT
6-plex Isobaric Mass Tagging Kit (Thermo Fisher Scien-
tific, Waltham, MA, USA). As shown in Fig. 1, briefly,
one unit of the TMT labeling reagent was thawed and
dissolved in anhydrous acetonitrile for 5 min with occa-
sional vortexing. The samples HCT116_1, HCT116_2,
HCT116_3 and HCT116_4 were labeled as 126, 127,130
and 131, respectively. To each tube containing resus-
pended peptides was added 41 pL of resuspended TMT
reagent, and the mixture was gently mixed and incubated
at room temperature for 2 h. Then the samples were
mixed in a ratio of 1:1, desalted using a C18 column, and
freeze-dried in vacuo for mass spectrometry.
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Fig. 1 Schematic workflow of the TMT labeling procedures
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Liquid chromatography-mass spectrometry

The TMT-labelled peptides were fractionated using an
Agilent 300Extend C18 system (Agilent Technologies,
Santa Clara, CA, USA). The samples were then resus-
pended in 0.1% (v/v) formic acid/water solution (mobile
phase A) and separated using an EASY-nL.C 1000 UHPLC
system (Thermo Fisher Scientific). Mobile phase B was
an aqueous solution containing 0.1% formic acid and
90% acetonitrile. After separation, the samples were ana-
lyzed by a Q Exactive plus mass spectrometer (Thermo
Fisher Scientific). The precursor and fragment ions were
detected and analyzed by an Orbitrap mass analyzer.

Protein identification and database search

The secondary-order mass spectra data was searched
in the protein sequence database SwissProt Human
(20,130 sequences) using Maxquant (v1.5.2.8). An anti-
database was added to calculate the false positive rate
(FDR) caused by random matching, and a common
contamination library was added to the database to
eliminate the contaminating protein from the impact
identification results. Search parameters were as fol-
lows: the digestion method is Trypsin / P; the num-
ber of missed cut sites is 2; the minimum length of the

peptide is 7 amino acid residues; the maximum num-
ber of peptide modifications is set to 5; the first-level
precursor ion mass tolerance of First search and Main
search was 20 ppm and 5 ppm, respectively, and the
secondary fragment mass tolerance was 0.02 Da. The
cysteine alkylation is set as a fixed modification, and
the variable modification is the oxidation of methionine
and the acetylation of the N-terminus of the protein.
The quantitative method was set to TMT-6plex with
the false discovery rate (FDR) of 1% for identification of
protein and peptide-to-spectrum matches (PSM).

Identification of differentially expressed proteins

The peptide mass spectra were processed to gener-
ate the raw data and then analyzed with the protein
sequence database Maxquant (v1.5.2.8). The proteins
with an adjusted p-value<0.05 and |[fold change|>1.2
were identified as differentially expressed proteins.

Bioinformatics analysis

The differentially expressed proteins were classified by
gene ontology (GO) secondary annotation. The subcel-
lular distribution of the proteins was predicted by Wolf
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PSORT (https://wolfpsort.hgc.jp/). The protein path-
ways were annotated using the Kyoto Encyclopedia of
Genes and Genomes database (KEGG; http://www.
genome.jp/kegg/). The protein domain was identified
using the InterPro database (http://www.ebi.ac.uk/inter
pro/). Protein—protein interaction analysis of differen-
tially expressed proteins were analyzed by the search tool
for the retrieval of interacting genes (STRING, https://
string-db.org). The highly correlated DEGs were mapped
into STRING to identify the potential interactions and
relationships among these genes, which were detected
using a confidence score > 0.7 and the maximum number
of interactors =0 as the cut-off criteria.

Statistical analysis

Data were statistically analyzed by GraphPad Prism 5
software (GraphPad, San Diego, CA, USA). Differen-
tially expressed proteins were identified by the Student’s
t test, and a p-value<0.05 was considered statistically
significant.

Results

Ftx regulates the protein expression profile in HCT116 cells
To investigate whether Ftx plays a role in CRC metas-
tasis, we performed a TMT-based proteomic assay in
highly metastatic HCT116 CRC cells. Using the protein
sequence database Maxquant, we identified and quanti-
fied a total of 5471 proteins. After statistical analysis, we
found 556 upregulated and 367 downregulated proteins
in Ftx-silenced HCT116 cells, as well as 25 upregulated
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and 62 downregulated proteins in Ftx-overexpressing
cells (|fold change|>1.2, p-value<0.05) (Fig. 2A and
2B). Representative differentially expressed proteins are
shown in Table 1. We noticed that the protein expression
of nestin (NES), which is typically overexpressed in can-
cer cells [19, 20], was significantly enhanced in response
to Ftx overexpression; while it was attenuated in response
to Ftx silencing. In contrast, the expression of the proa-
poptotic protein cytoplasmic FMR1-interacting protein
2 (CYFIP2) [21] was significantly attenuated in Ftx-over-
expressing cells but enhanced in Ftx-silenced cells. These
findings suggest that Ftx might play an oncogenic role
in CRC by regulating the expression of multiple cancer-
related proteins.

GO secondary annotation and subcellular localization

of differentially expressed proteins

Next, we performed GO secondary annotation to clas-
sify the differentially expressed proteins induced by
Ftx overexpression or silencing. As presented in Fig. 3,
these proteins were mainly classified as cellular or
single-organism processes, cell and organelle compo-
nents, and molecular binding function. Wolf PSORT
predicted that in Ftx-overexpressing HCT116 cells,
most of the differentially expressed proteins were dis-
tributed in the cytoplasm or nucleus (Fig. 4A and 4B).
In Ftx-silenced cells, the upregulated proteins were
mainly located in the cytoplasm, extracellular region,
nucleus, or plasma membrane; whereas the downreg-
ulated proteins were mainly located in the cytoplasm
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Table 1 Representative differentially expressed proteins in Ftx-overexpressing or Ftx-silenced HCT116 cells
Protein accession Ratio of expression in Alteration p-value Ratio of expression Alteration p-value Genename TMT score
Ftx-overexpressing cells in Ftx-silenced cells
to NC toNC
P48681 1.25 Up 8.34E-03 0.802 Down 1.18E-02 NES 10.302
Q86TB9 1211 Up 9.18E-04 0.79 Down 3.72E-03 PATL1 13.762
Q96F07 0.823 Down 3.16E-02 1541 Up 594E-03 CYFIP2 8.8501
P52630 0.82 Down 7.30E-03 2379 Up 3.02E-03 STAT2 10.721
P10620 0.772 Down 1.98E-02 1574 Up 5.79E-04 MGST1 12.703
P45877 0.758 Down 1.77E-02 1.964 Up 1.71E-02 PPIC 9.5352
Q9HCY8 0.673 Down 2.68E-06 1329 Up 1.80E-03 S100A14 22228

NC negative control

A.HCT116_3vsHCT116_1

B.HCT116_4vsHCT116_2

Down-MF
Fig. 3 GO functional terms of differentially expressed proteins in HCT116_3 vs. HCT116_1 (A) and HCT116_4 vs. HCT116_2 (B)

or nucleus (Fig. 4C and 4D). These results suggest that
Ftx dysregulation induces the differential expression
of proteins involved in a wide range of biological pro-
cesses, cellular components, and molecular functions

in CRC cells.

GO, KEGG, and protein domain enrichment analyses

To further investigate the functional significance and to
characterize the differentially expressed proteins induced
by Ftx overexpression or silencing, we performed GO,

KEGG pathway, and domain enrichment analyses.
According to the GO enrichment analysis (Fig. 5A and
5B), the differentially expressed proteins induced by Ftx
overexpression were mostly enriched in the molecular
function of structural constituent ribosome, whereas
those induced by Ftx silencing were mostly enriched in
cell adhesion molecule binding. In terms of the cellular
components, the differentially expressed proteins were
mostly enriched in the cytosolic large ribosome subunit
due to Ftx overexpression and the extracellular exosome
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due to Ftx silencing. In terms of the ontology of biologi-
cal function, the differentially expressed proteins were
mainly enriched in the nuclear-transcribed mRNA cata-
bolic process due to Ftx overexpression and biological
adhesion due to Ftx silencing.

Moreover, the KEGG pathway and protein domain
enrichment analyses showed that Ftx overexpression
induced the differential expression of proteins related
to the ribosome pathway and the protein phosphatase
Mg*™- or Mn?*-dependent (PPM)-type phosphatase
domain, whereas Ftx knockdown altered the expression
of proteins related to the extracellular matrix (ECM)-
receptor interaction pathway and the immunoglobulin-
like fold domain.

The differential proteins in the Ftx overexpression
group and the Fxt interference group were identified to
select core proteins for the protein—protein interaction
network. The Ftx overexpression resulted in interact-
ing with ribosomal (RPL) protein, supporting the KGEE
results that the Ftx overexpression affected the RPL

pathway. In the protein—protein interaction network,
Ftx interference led to a variety of protein interactions.
Among them, proteins such as ECM, PP2A, HSP90, Bcl-
x1, and ERK were participated in the PI3K/Akt pathway.

Hierarchical clustering analysis

Next, we performed clustering analyses based on the
GO, KEGG, and domain enrichment data. The GO
enrichment-based clustering analysis (Fig. 6A-C)
showed that the downregulated proteins due to Ftx
overexpression were significantly enriched in biologi-
cal processes such as protein transport and protein
localization, cellular components such as ribosome and
ribosomal subunits, and molecular functions such as
structural constituent of ribosome. The downregulated
proteins due to Ftx silencing were significantly enriched
in biological processes such as DNA metabolic pro-
cesses and ribosomal small subunit biogenesis, cellular
components such as ribonucleoprotein complex and
chromosome, and molecular functions such as mRNA
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binding and chromatin binding. On the other hand, the
upregulated proteins due to Ftx silencing were signifi-
cantly enriched in biological processes such as regula-
tion of cell migration and mobility, cellular components
such as cell junction and focal adhesion, and molecu-
lar functions such as collagen binding and cadherin

binding. No clusters were observed in the upregulated
proteins due to Ftx overexpression.

According to the KEGG-based clustering analysis, we
found that Ftx overexpression downregulated the ribo-
some pathway. Ftx silencing downregulated ribosome
biogenesis, while it upregulated the phosphoinositide
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3-kinase—Akt and ECM-receptor interaction pathways

(Fig. 7A). Meanwhile,

demonstrated that the upregulated proteins due to Ftx
silencing contained cadherin and cadherin-like domains;
whereas the downregulated proteins contained the mini-
chromosome maintenance (MCM) domain. On the other
hand, after Ftx overexpression, the upregulated proteins
contained the PPM-type phosphatase domain; whereas

domain-based clustering analysis

the downregulated proteins contained the ribosomal pro-
tein (RP) L1-like domain (Fig. 7B). Taken together, these
data suggest that dysregulation of Ftx expression could
significantly change the abundance or activity of multiple
proteins and signaling pathways that are involved in the
tumorigenesis and metastasis of CRC.

The protein—protein interaction network was con-
structed by the STRING tool, and the most significant
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molecular interaction modules (Fig. 8A and 8B) were
mined by the Cytoscape tool using the following cut-
off criteria: e-value=1e-10 and string score>700, thus
showing interactions of these selected proteins with
others.

Discussion

Compared with transcriptome analysis, quantita-
tive proteome analysis can more accurately reflect the
changes in protein abundance [22] and has been widely
used to identify potential biomarkers and specific pro-
tein pathways involved in cancer [23]. The IncRNA
Ftx plays an important role in regulating the malig-
nant behavior of different cancer cells [12, 14, 15, 24];
however, previous studies investigating the underlying
mechanisms of Ftx have mainly focused on its interac-
tion with microRNAs. It remains unknown whether
Ftx can regulate the expression of proteins involved in
cancer development. In this study, by analyzing the pro-
teomic changes induced by Ftx alteration in HCT116
cells, we identified a panel of potential target proteins
downstream of Ftx and characterized these proteins
using bioinformatics approaches and identified multi-
ple possible signaling pathways downstream of Ftx in
CRC cells. Furthermore, we explored the downstream
miRNAs that the IncRNA Ftx might act on with the
iRDB-MicroRNA Target Prediction Database (http://
mirdb.org). In total, 75 predicted miRNAs targets were
identified, among which miR-608 [25], miR-21 [26], and

miR-655 [27] play an important role in the occurrence
and development of CRC. In addition, target matching
between the IncRNA Ftx and the two important pro-
teins NES and CYFIP2 with altered expression showed
more than 88.80% homology within one gene sequence.
Therefore, IncRNA might directly or indirectly target
mRNA through miRNA to regulate the protein expres-
sion profile.

NES is a type VI intermediate filament protein that is
widely expressed in progenitor cells [28, 29]. NES is also
detectable in many cancer cell lines, playing an essential
role in cancer cell proliferation, migration, and invasion
[19, 20]. Li et al. have demonstrated that human CRC tis-
sue has a significantly higher mRNA expression of NES
compared with normal tissue. In addition, knockdown
of NES inhibits the cell proliferation and migration of
SW480 and HCT116 CRC cells, suggesting that NES is
required for CRC growth and metastasis [30]. However,
the regulation of NES in cancer remains unclear. In the
present study, we found that Ftx overexpression enhanced
the protein expression of NES, whereas Ftx knockdown
attenuated the protein expression of NES; these findings
suggest that Ftx might be an upstream regulator of NES
in CRC. Epigenetic regulation and transcription factors
like sex determining region Y-box transcription factor 2
and steroidogenic factor 1 are responsible for NES regu-
lation [31, 32]. We speculate that Ftx might regulate NES
expression in CRC cells through epigenetic modification
and transcriptional modulation.
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On the other hand, Ftx overexpression inhibited
CYFIP2 expression, whereas Ftx knockdown promoted
CYFIP2 expression in HCT116 cells. As a p53-inducible
proapoptotic protein [21], CYFIP2 mediates caspase-3-
and poly(ADP-ribose) polymerase-dependent apoptosis
in SW480 colon cancer cells, suggesting that CYFIP2 is
required for cell apoptosis in CRC [33]. Despite a lack
of direct evidence that inhibition of CYFIP2 contrib-
utes to CRC metastasis, a previous study has shown that
CYFIP1, which shares 88% amino acid sequence similar-
ity with CYFIP2, was lost in the majority of invasive colon
adenocarcinoma tissues compared with noninvasive ade-
noma tissues. In addition, low expression of CYFIP1 was
significantly correlated with vascular invasion in patients
with CRC [34]. Therefore, we speculate that Ftx overex-
pression attenuates the protein expression of CYFIP2,
thereby facilitating CRC invasion and metastasis.

To further understand the biological significance of the
proteins differentially expressed in Ftx-overexpressing
or Ftx-silenced CRC cells, we conducted GO, KEGG,
and protein domain enrichment analyses as well as hier-
archical clustering. We noticed that the differentially
expressed proteins in response to Ftx alteration were
closely associated with ribosomal function, ribosome
pathways, and the RP L1-like domain, suggesting that Ftx
might contribute to CRC development through regulat-
ing RPs, ribosome biogenesis, and global protein synthe-
sis. The expression pattern of RPs has been associated
with CRC development and metastasis. For example, the
mRNA level of RPPO was significantly increased in pri-
mary CRC compared with the normal control and was
further elevated in CRC liver metastasis compared with
primary liver tumor tissue [35]. In contrast, some RPs,
such as RPL5 and L6, have been shown to be downregu-
lated in metastatic CRC compared with nonmetastatic
tumors [36]. Despite lacking a protein-coding capacity,
a large percentage of IncRNAs are associated with ribo-
somes [37]. Therefore, Ftx might modify the translational
activity of ribosomes to induce a broad range of effects
on downstream effectors involved in CRC metastasis.

Liu et al. have reported that Ftx inhibits cell prolifera-
tion and metastasis in hepatocellular carcinoma by bind-
ing to the DNA replication licensing factor MCM2 and
microRNA-374a [38]. Our study showed that downregu-
lated proteins due to Ftx silencing contained the MCM
domain and were significantly associated with DNA
metabolic processes, suggesting that Ftx silencing might
impede DNA replication and thereby inhibit CRC cell
proliferation. In addition, epithelial-mesenchymal transi-
tion (EMT), characterized by loss of E-cadherin, plays a
critical role in CRC metastasis [39]. It has been reported
that the overexpression of Ftx promotes the migration
and invasion of osteosarcoma cells through the ECM
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mechanism, as evidenced by the loss of E-cadherin and
the gain of N-cadherin [40]. Consistently, our results
showed that the upregulated proteins due to Ftx silenc-
ing were significantly enriched in “cadherin binding” and
contained cadherin and cadherin-like domains, suggest-
ing that Ftx might contribute to CRC metastasis via the
EMT mechanism.

This study has some limitations that must be addressed.
In the present study, the protein expression profile in
highly metastatic HCT116 CRC cells was regulated
by the IncRNA Ftx, which might be involved in impor-
tant biological pathways such as ribosomal pathways
and extracellular exosome secretion. The findings pro-
vide candidate proteins and signaling pathways for fur-
ther investigation of the underlying mechanism of CRC
metastasis. However, a set of biological functional experi-
ments and quantitative assays are needed to clarify the
role of the IncRNA Ftx in the regulation of CRC activi-
ties. To verify the biological function of the IncRNA Ftx
in CRC, we plan on carrying out cell proliferation assays,
cell migration assays, and cell invasion assays in the
future to determine the tumor cell activity. The expres-
sion of candidate genes and signaling factors will be
confirmed in in vitro experiments and CRC rat models.
Loss- and gain-of-function approaches will be used to
establish a direct role of the given candidate gene or sign-
aling factor in CRC metastasis. We hope that these future
studies will describe the complete story of the function of
the IncRNA Ftx in CRC pathogenesis and activities.

Conclusions

In conclusion, for the first time, we demonstrated that
the IncRNA Ftx regulates the protein expression profile
in highly metastatic HCT116 CRC cells. The differentially
expressed proteins in response to Ftx overexpression
or silencing are mainly distributed in the cytoplasm or
nucleus of HCT116 cells and are associated with multi-
ple biological processes and signaling pathways involved
in CRC metastasis. Our findings may provide a variety
of candidate proteins and signaling pathways for fur-
ther investigation of the underlying mechanism of CRC
metastasis.
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