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Background: Fibronectin type III domain containing 3B (FNDC3B) acts as an oncogene in
various cancers, and abnormal expression of FNDC3B has been found in colorectal cancer
(CRCQ). Our study aimed to illustrate the role of FNDC3B in CRC development.
Methods: Through RT-qPCR and western blotting assays, the mRNA and protein expressions of
target genes were measured. CCK-8 and MTT methods were used to detect cell proliferation.
Invasion ability was determined using Transwell assay. TargetScan platform and luciferase reporter
gene assay were performed to predict and validate the bindings between FNDC3B and miR-125a-
5p ormiR-217. Besides, the expression correlation was measured by Pearson’s Correlation analysis.
Results: We found that FNDC3B was significantly upregulated in CRC tissues and tumor
cell lines, and high expression of FNDC3B predicted a poor survival outcome. The bindings
between FNDC3B and miR-125a-5p and miR-217 were respectively at the motifs of
CUCAGGG and AUGCAGU. MiR-125a-5p and miR-217 were downregulated in CRC
tissues, and both were negatively correlated with FNDC3B expression. Subsequently, the
downregulated miR-125a-5p and miR-217 were confirmed as contributors FNDC3B upre-
gulation in CRC. A loss-of-function assay demonstrated that FNDC3B knockdown inhibited
the proliferation of CRC cells, while FNDC3B overexpression promoted the proliferation
and invasion of tumor cells. Besides, we validated that PI3K/mTOR signaling was involved
in the regulation of FNDC3B on the proliferation and invasion of CRC cells.

Conclusion: Generally, our findings demonstrated that FNDC3B facilitated cell proliferation and
invasion via PI3K/mTOR signaling, and further promoted CRC progression. The novel miR-125a-
5p/FNDC3B and miR-217/FNDC3B axes might be new targets for CRC prognosis and therapy.
Keywords: FNDC3B, colorectal cancer, proliferation, invasion, microRNA, PI3K/mTOR

Introduction
Colorectal cancer (CRC), a disease of the digestive tract, has the fifth high mortality rate in the
world, and CRC ranks third in incidence among the most prevalent malignant cancers.! With
development of the economy and lifestyle changes, CRC has seriously threatened the health of
people, and placed a heavy economic burden on families and society.” Although biomarkers for
CRC diagnose was increased and chemotherapy combined with surgery improved the prognosis
of CRC in recent years. The five-year survival rate of late stage CRC patients was still poor while
the recurrence rate was still high.** Therefore, it is urgent to discover the potential biomarkers for
CRC diagnosis and prognosis, and clarify the molecular mechanism of CRC development.
Fibronectin type III domain containing 3B (FNDC3B, also FAD104), a member of
FNDC3 family, was previously identified as a modulator of osteoblast and adipocyte
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differentiation.>® The fibronectin type III domain is a main
structural component of FNDC3B, along with the transmem-
brane region and proline-rich region.” As the fibronectin type
[T domain has the ability to combine with various proteins,
FNDC3B plays an important role in multiple cell processes,
including cell adhesion, proliferation and growth signaling.®
Recent evidence suggested that FNDC3B was abnormally
expressed in a series of human tumors.® Moreover, Lin et al
indicated that FNDC3B was upregulated in hepatocellular
carcinoma (HCC), provoking the migration and invasion of
HCC cells, and suggested as a diagnostic biomarker in
HCC.? An exploration of CRC mechanism using microarray
analysis revealed that FNDC3B was an upregulated gene in
CRC.'° However, the biological function of FNDC3B in the
growth and metastasis of CRC tumors remains indistinct.

Abundant studies on microRNAs (miRNAs; miRs) have
emerged in recent years. MiRNAs are single-stranded structures
(about 22 ~ 28 nucleotides long) and cannot encode proteins."!
Generally speaking, miRNAs have complementary target sites
within the 3" untranslated region (3" UTR) of their target genes,
and suppress mRNA expressions at the post-transcriptional
level."? Increasing evidences presented that miRNAs are crucial
regulators of various cancer development, CRC included." For
example, miR-1271 acted as a tumor suppressor of CRC due to its
inhibitory role in regulating metadherin/Wnt signaling and the
proliferation and invasion of CRC cells."* Zhang et al demon-
strated that miR-494 was upregulated in CRC and could induce
Wnt/B-catenin signaling by targeting adenomatous polyposis coli,
thereby boosting CRC cell growth."® Li and colleagues indicated
that miR-140 overexpression inhibited tumor formation and
declined the migratory and invasive rates of CRC cells.'®
However, little is known about the miRNA which regulates
FNDC3B expression in CRC.

In this study, we estimated the expression of FNDC3B in
CRC pathological tissues, as well as the relevance between
CRC clinical outcomes and ectopic FNDC3B expression. We
then identified and validated miRNAs that bond to FNDC3B.
In vitro experiments were performed to evaluate the function
of FNDC3B in CRC cell proliferation and invasion.
Additionally, we considered PI3K/mTOR signaling pathway
as a possible target to shed light on the mechanisms of
FNDC3B regulating cell proliferation and invasion in CRC.

Materials and Methods

Patients and Clinical Samples
We recruited 36 cases of CRC patients to obtain the CRC
tumor tissues and paired adjacent normal tissues (more

than 5 cm from the edge of tumor). The patients were
diagnosed and underwent excision surgery in Ninth
Hospital of Xi’an from October 2012 to September 2017,
and they had not received any kind of treatment, such as
chemotherapy and radiotherapy, prior to the surgery. The
specimens were immediately frozen using liquid nitrogen
after surgery and stored at —80°C. To obtain the overall
survival and disease free survival data, CRC patients was
the followed up by telephone or e-mail.

Study Approval

The ethic approval of the present study was acquired from
the Ethic Committee at the Ninth Hospital of Xi’an. With
the accordance of the Declaration of Helsinki, the ethic
committee also examined and supervised all experiments
and processes involving human specimens in this study.
Besides, we had obtained prior written informed consent
from the participants and their families.

Cell Culture and Reagent Treatment

The American Type Culture Collection (ATCC, Manassas,
USA) was the supplier from which we purchased all the
human colorectal cancer cell lines (DLD-1, HCT8, HT29,
LS411N, LOVO, SW620) and the normal colonic epithe-
lial cell (NCM460). To culture these cells, we supplemen-
ted Dulbecco’s modified Eagle’s medium (DMEM) with
1% nonessential amino acids, 1% penicillin/streptomycin
and 10% fetal bovine serum (Invitrogen, Carlsbad, USA).
The cells were maintained at 37 °C under a humidified
atmosphere with 5% CO,.

Dactolisib (MedChemExpress, NJ, USA) was used to
inhibit PI3K/mTOR signaling of the colon cell lines in this
study. The cells were treated with Dactolisib solution at
the concentration of 5 nM directly or after transfection
assay.

RNA Extraction and Real-Time

Quantitative Polymerase Chain Reaction
(RT-qPCR)

The total RNA of CRC tissues and cell lines was isolated
using MirVana™ miRNA Isolation kit (Ambion, Foster
City, USA), and was qualified by 1.5% agarose gel
electrophoresis. An Agilent 2100 Bioanalyzer (Agilent
Technologies, Santa Clara, USA) was utilized for RNA
quality detection. To synthesize first-strand cDNA from
the purified RNA, the Revert Aid™ First Strand cDNA
Synthesis Kit (Hanover, USA) was purchased from MBI
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Fermentas. The expressions of target RNAs were
detected by qPCR which was performed on an Applied
Biosystems 7500 system (Applied Biosystems, Carlsbad,
USA) using SYBR-Green Master mix (Takara Bio,
Dalian, China). The procedure of qPCR was described
as followed: 95°C for 2 min, 40 cycles of 95°C for 5
s and 60°C for 30 s, one cycle of 95°C for 5 s, 60°C for
1 min and 95°C for 15 s, and finally, 50°C for 30 s. The
quantification process was performed based on 2 “A¢
method,'” and human B-actin and U6 RNA were decided

to be the endogenous reference gene in this study.

Western Blotting

To examine the expression of FNDC3B and activation of
PI3K/mTOR signaling, we performed Western blotting
whose first step was to extract total proteins using an
Extraction kit (Nanjing KeyGen Biotech, Nanjing, China).
According to the instruction of BCA protein assay kit
(Thermo Fisher Scientific, Waltham, USA), the concentra-
tion of protein was quantified. SDS-PAGE (15%) was used to
resolve the proteins for 2 h. Then, proteins were transferred
onto a polyvinylidene fluoride membrane (Bio-Rad
Laboratories, Hercules, USA). The membrane blocking was
last for 1 h in 5% non-fat dried milk at room temperature.
After that, we probed the membrane overnight at 4°C with
antibodies, anti-FNDC3B, anti-p-PI3K, anti-PI3K, anti-
p-mTOR, anti-mTOR (1:500) and anti-B-actin (1:1000)
(Cell Signaling, Danvers, USA). After 3 times’ 10 min-
washing with TBST, the horseradish peroxidase-conjugated
secondary antibodies (1:1000) (Cell Signaling, Danvers,
USA) was used for another | h incubation at room tempera-
ture. Finally, the visualization of the bands was performed on
an ECL Western Blotting Analysis system (GE Healthcare,
Chicago, IL, USA).

Cell Transfection Assay

Small interfering RNAs (siRNAs) targeting FNDC3B
were designed and generated by RiboBio Co. Ltd.
(Guangzhou, China). Invitrogen (Carlsbad, USA) provided
miRNA mimic synthesis service. In addition, to construct
the overexpression plasmid of FNDC3B, we amplified
FNDC3B and cloned it into a pcDNA3.1 (+) vector after
identified by 1.5% agarose gel electrophoresis and sequen-
cing (Invitrogen, Carlsbad, USA).

Cells were seeded in 96-well plates at a concentration
of 1 x 10° per well, when reaching 80% ~ 90% confluence.
The transfection of mimics, siRNA and pcDNA plasmids
was performed for 48 h using Lipofectamine®™ 2000

reagent (Invitrogen, Carlsbad, USA) according to the man-
ufacturers’ protocol.

Cell Proliferation Determination

To determine the cell proliferation of CRC cells under
different treatments, we conducted both 3-(4,5-dimethyl-2-
thiazolyl)-2,5-diphenyl-2-H tetrazolium bromide (MTT)
and Cell Counting Kit-8 (CCK-8) assays in line with
their manufacturer’s protocols. Briefly, for CCK-8 assay,
SW620 and HCTS8 cells transfected with negative control
(NC) siRNA or siFNDC3B-2 were both divided into four
subgroups and were respectively cultured for 24 h, 48 h,
72 h and 96 h after seeded in 96-well plates. Then, each
well was supplemented with 10 pL. CCK-8 solution and
incubated for 1 h at 37 °C. The absorbance of each group
was detected at 450 nm using a microplate Reader (Epoch,
BioTek Instruments, Winooski, USA).

For MTT assay, HT29 and DLD-1 cells were incubated
in a 37°C and 5% CO, incubator for 96 h after seeded into
96-well plates. While the incubation was complete, 20 pL
MTT reagent (5 mg/mL) was added for another 4
h incubation. Then, to dissolve the reaction products, 150
pL dimethyl sulfoxide was added. The absorbance was
detected at 570 nm. The final results were normalized to
the cellular proliferation at 0 h (100%).

Invasion Transwell Assay

In order to quantify the invasive ability of cells, we conducted
Transwell experiments. Briefly, 1 x 10° cells suspended in
200 pL serum-free medium were seeded into the upper strata
of a Transwell chamber (diameter, 6.5 mm, membrane pore
size, 8 um; Corning, NY, USA) which was pre-coated with
1 mg/mL Matrigel (BD Biosciences, Franklin Lakes, USA),
and the lower chamber was supplemented with 600 puL 20%
FBS-DMEM. The incubation was continued for 48 h, and then
the non-invaded cells were removed. Subsequently, 4% paraf-
ormaldehyde and 0.1% crystal violet (Sigma-Aldrich,
Darmstadt, Germany) were used to fix and stain the cells in
the lower chamber for 15 min and 30 min, respectively. All
incubation processes took place at 37°C. Finally, the cell
number in randomly selected fields were counted under
a microscope (Olympus Corporation, Tokyo, Japan).

Bioinformatics Prediction and Mutation
Assays

TargetScan Human release 7.2 (http://www.targetscan.org/

vert 72/) was the platform we utilized to predicted the
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combinations between FNDC3B and miR-125a-5p or
miR-217. For the validation of the binding relationships
between FNDC3B and miR-125a-5p or miR-217, we
introduced mutations into the miR-125a-5p or miR-217
binding motifs on 3'UTR of FNDC3B by using fusion
PCR, generating two mutant types of FNDC3B 3 "UTR.

Luciferase Assay

We inserted the wild and mutant types of FNDC3B 3'UTR
into the pMIR-Report Luciferase vector (Ambion, Foster
City, USA). Cells were pre-added into 96-well plates 24
h before being co-transfected with miR-125a-5p and miR-
217 mimics along with Renilla using Lipofectamine® 2000
reagent (Invitrogen, Carlsbad, USA). The luciferase inten-
sity was measured after 48 h transfection under the gui-
dance of the instruction of dual-luciferase reporter assay
(Promega, Madison, USA).

Statistical Analysis

All of the experiments in this study were performed at least
three replicates, and the statistical analysis was conducted
using GraphPad Prism 7 (GraphPad Software, San Diego,
USA). Mean = standard error of the mean was the manner to
present data. Correlations between the expressions of
FNDC3B and miR-125a-5p or miR-217 were assessed by
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Pearson’s correlation analysis. Kaplan-Meier survival ana-
lysis was conducted to determine the overall survival and
disease free survival in CRC patients stratified by FNDC3B
mRNA expression levels. And the values were expressed as
median with interquartile range. The samples were divided
into two groups according to the quartile, the lower quartile
was the low expression group, and the upper quartile was the
high expression group. Difference analysis of data was pre-
sented as P values which was calculated by two-tailed
Student’s test. And the statistical significance was consid-
ered as a P value lower than 0.05.

Results
FNDC3B Was Upregulated in CRC

Tissues and Cell Lines

For the validation of FNDC3B expression in CRC, we
performed RT-qPCR on 36 paired clinical CRC samples
and corresponding normal tissues. The results showed that
the mRNA level of FNDC3B in the 32 collected tumor
specimens was significantly upregulated compared with
the healthy tissues (Figure 1A). Furthermore, the expres-
sion of FNDC3B protein was also remarkably increased in
7 randomly selected CRC tissues (Figure 1B). We also
analyzed the clinical characteristics of patients and
described the information in Table 1. Similarly, we
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Figure | High expression of FNDC3B in CRC was associated with poor outcome.Notes: (A) Expressions of FNDC3B in CRC samples and adjacent tissues were detected
by RT-qPCR. (B) Western blot assay analyzed the protein levels of FNDC3B in CRC and paired normal tissues. (C) RT-qPCR analysis of FNDC3B expressions in CRC cell
lines. (D) The overall survival of CRC patients with different expression levels of FNDC3B was conducted by using Kaplan-Meier. (E) High expression of FNDC3B in
patients presented a shorter disease free survival compared with the low FNDC3B expression group. *P < 0.05; **P < 0.01; **P < 0.001.
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detected elevated mRNA expression of FNDC3B in six
CRC cell lines compared with NCM460 (Figure 1C). As
presented in Figure 1D and E, individuals with high
FNDC3B expression level exhibited worse overall survival
and disease free survival. In general, the upregulation of
FNDC3B was validated in CRC specimens and was asso-
ciated with the poor outcome of patients.

FNDC3B Upregulation Was Modulated
by the Decreased Expressions of
miR-125a-5p and miR-217 in CRC

TargetScan Human 7.2 was used to investigate miRNAs
which could bind to FNDC3B and regulate its expression.
We found that miR-125a-5p and miR-217 directly targeted to
the 3'UTR of FNDC3B at the sequences from 1425 bp to
1459 bp (CUCAGGG) and 1600 bp ~ 1607 bp (AUGCAGU),
respectively (Figure 2A). Also, we detected decreased the
expressions of both miR-125a-5p and miR-217 RT-qPCR in
CRC tissues using RT-qPCR (Figure 2B). More importantly,
Pearson’s correlation analysis demonstrated that there existed
negative correlations between the expressions of FNDC3B
and these two miRNAs (Figure 2C). Transfections of miR-

Table | Relevance Between Clinicopathological Characteristics
of CRC Patients and FNDC3B Expressions

Clinical and Pathological Cases | FNDC3B P-value
Characteristics Expression
Low | High
Age 0.108
< 60 I 4 7
= 60 25 7 18
Sex 0.565
Female 16 8 8
Male 20 3 17
TNM stage 0.573
-l 20 9 I
-1v 16 2 14
Location 0.607
Colon 19 7 12
Rectum 17 4 13
Depth of invasion 0.413
TIT2 14 5 9
T3/T4 22 6 16
Lymph node metastasis 0.523
Yes 18 8 10
No 18 3 15

125a-5p and miR-217 mimics inhibited the protein levels of
FNDC3B in all six CRC cell lines (Figure 2D). The seed
sequences for miR-125a-5p and miR-217 in the 3'UTR of
FNDC3B were respectively mutated to CUCGAUA and
CGUUAGU (Figure 2E). Expectedly, the result of luciferase
reporter assay indicated that the transfections of miR-125a-5p
and miR-217 prominently reduced the luciferase intensity of
wild type FNDC3B, while the mutant one was unaffected
(Figure 2F). Taken together, these findings showed that miR-
125a-5p and miR-217 modulated the expression of FNDC3B
through directly binding to the seed sequences.

Regulation of FNDC3B on Cell Proliferation
and Invasion in CRC Was Influenced by
miR-125a-5p and miR-217

To further explore the role of FNDC3B in CRC, we synthe-
sized 2 siRNAs of FNDC3B and constructed a plasmid
carrying FNDC3B. And the cell lines, SW620 and HCTS,
with highest upregulation level of FNDC3B were used for
the loss-of-function assay, while DLD-1 and HT29 cells
with lower FNDC3B upregulation level were utilized for
overexpression experiment. The results of Western blotting
presented that siFNDC3B-1 and siFNDC3B-2 effectively
reduced the protein levels of FNDC3B in SW620 and HCT8
cells, while pcDNA-FNDC3B enhanced the expressions of
FNDC3B protein in DLD-1 and HT29 cells in a dose-
3A). We
a significantly declined proliferation in FNDC3B silenced
SW620 and HCTS cells (Figure 3B and C). In DLD-1 and
HT29 cells, the transfections of miR-125a-5p and miR-217
had an inhibitory effect on proliferation and invasion; how-

dependent manner (Figure determined

ever, the proliferation and invasion rates in both mimics and
pcDNA-FND3CB transfected CRC cells were significantly
higher than mimics transfected cells (Figure 3D-G). All in
all, our findings indicated that upregulated FNDC3B pro-
moted the proliferation and invasion of CRC tumor cells
in vitro, which was modulated by miR-125a-5p and
miR-217.

FNDC3B Promoted Cell Proliferation
and Invasion in CRC via PI3K/mTOR
Signaling

By detecting the phosphorylation levels of PI3K and
mTOR in CRC and healthy tissues, we concluded that
the PI3K/mTOR signaling pathway was strongly activated
in CRC (Figure 4A). Besides, knockdown of FNDC3B
significantly decreased the protein levels of p-PI3K and
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Figure 2 FNDC3B was the direct target of miR-125a-5p and miR-217.Notes: (A) TargetScan predicted the binding sites of miR-125a-5p and miR-217 on FNDC3B 3'UTR,
respectively. (B) The expressions of miR-125a-5p and miR-217 in CRC samples were analyzed by RT-qPCR. (C) Pearson’s correlation analysis exhibited the negative
correlations between the expressions of FNDC3B and miR-125a-5p or miR-217. (D) Western blot showed the protein levels of FNDC3B in CRC cells after transfected with
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p-mTOR in SW620 and HCTS8 cells, while pcDNA-
FNDC3B enhanced the expressions of p-PI3K and
p-mTOR in DLD-1 and HT29 cells (Figure 4B and C).
The results of MTT assay showed that dactolisib, a PI3K/
mTOR inhibitor, inhibited the proliferation of DLD-1 and
HT?29 cells, while the overexpression of FNDC3B accel-
erated cell proliferation; except that, we found that
dactolisib reversed the adverse effect of FNDC3B over-
expression on cell proliferation (Figure 4D). The aggra-
vated effect of FNDC3B overexpression on the invasion
rates of DLD-1 and HT29 cells was reversed by Dactolisib
(Figure 4E). Collectively, these results suggested that
FNDC3B accelerated CRC cell proliferation and invasion
via activating PI3K/mTOR signaling pathway.

Discussion

In recent years, CRC has become a primary contributor to the
high morbidity and mortality of cancer-related diseases, and
more than half of patients succumbs CRC in worldwide

every year.'® Additionally, CRC was proved as a multiple-
stage carcinoma which arose multiple-step process during its
development and carcinogenesis.'® The genetic or epigenetic
alterations of multiple genes and interactive factors were
involved in CRC progress.*® To explore more effective thera-
pies for CRC, a further detailed understanding of the
mechanism which could underlie CRC progression and
development is urgent. In this study, we discovered the sig-
nificant upregulation of FNDC3B in CRC tissues and cell
lines and that the patients with high FNDC3B expression
turned to poor overall survival and disease free survival
compared with those had low FNDC3B expression.
Similarly, Zhong et al previously identified the increased
expression of FNDC3B in tongue squamous cell carcinoma
(TSCC) in both clinical samples and in vitro cell lines.®
FNDC3B was also an upregulated gene in HCC, and was
demonstrated to have negative correlation with HCC patient
survival both in vivo and in vitro.” In addition, a recent
microarray analysis indicated that FNDC3B was highly
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siRNAs and overexpression vector for FNDC3B. (B and C) The proliferation curves of SW620 and HCT8 cells with FNDC3B knockdown were detected by CCK-8. (D and
E) MTT assay showed the proliferation abilities of HT29 and DLD-| cells after miRNA mimic or/and pcDNA transfections. (F and G) The invaded rates of HT29 and DLD-|
cells were analyzed using Transwell method. Significant differences versus control group were indicated by *P < 0.05 and **P < 0.01. P < 0.01 and **P < 0.01 were

respectively versus miR-125a-5p or miR-217 group.

expressed in CRC and was suggested as a prognostic and
therapeutic target of CRC, which was further verified in our
study.'®

FNDCS3B is initially known as a modulator of differentia-
tion of osteoblast and adipocyte.’! Recently, the role of
FNDC3B in cancer biology was emerged as the accumulating
evidence indicated that FNDC3B regulated the growth and
development of diversified human tumors. For instance, an
in vitro investigation showed that overexpressed FNDC3B
promoted migration and invasion in Mahlavu and Huh7
cells while FNDC3B knockdown inhibited cell migration,
The

invasion and tumor nodule formation.’ increased

FNDC3B expression was also validated to induce the epithe-
lial-mesenchymal transition of TSCC cells; however, knocking
down FNDC3B would result in depression of the migratory
and invasive abilities of TSCC cells.® Xu and colleagues
revealed that interfering FNDC3B expression effectively sup-
pressed the glioblastoma cells to proliferate, migrate and
invade.?* Consistently, our study also proved that the transfec-
tion of siRNA for FNDC3B remarkably decreased both the
proliferation and invasion rates of CRC cells, while FNDC3B
overexpression enhanced these processes of CRC cells.
Desirably, our present study further identified that the
expressions of miR-125a-5p and miR-217 were decreased
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Figure 4 Overexpressed FNDC3B promoted cell proliferation and invasion in CRC through activating PI3K/mTOR signaling.Notes: (A) The activation of PI3K/mTOR
pathway in tumor and normal tissues of CRC patients was confirmed by Western blotting. (B and C) Western blot analysis of the expressions of p-PI3K and p-mTOR in
SW620 and HCT8 cells transfected with siFNDC3B-2 or HT29 and DLD-| cells transfected with pcDNA-FNDC3B. (D) The proliferation of HT29 and DLD-| cells treated
with Dactolisib along with FNDC3B overexpression was detected by MTT assay. (E) Transwell method was conducted for the detection of the invaded rates in HT29 and
DLD-I cells. P value less than 0.01 was expressed as ***#P value less than 0.01 versus FNDC3B group.

in CRC, and were both negatively correlated with FNDC3B
expression. Meanwhile, miR-125a-5p and miR-217 were
proved to regulate FNDC3B expression by directly binding
to the 3'UTR of FNDC3B, thus to involve in cell prolifera-
tion and invasion of CRC. Although evidences about the
combinations of miR-125a-5p and miR-217 with FNDC3B
was deficient in CRC regulation studies, the roles of these
two miRNAs in regulating CRC cell processes had been
investigated. Similar to our study, miR-125a-5p was verified
to act as a tumor suppressor of colon cancer via binding to
anti-apoptotic genes and inhibiting cell proliferation.”®
Previous study documented that miR-217 could target to
MAPK signaling and was involved in regulating tumor
growth and apoptosis of CRC.>* The study of Bian et al
validated that inhibiting miR-217 enhanced the proliferation
and migration rates of CRC cell in vitro.>> Except that, in
a research based on glioblastoma, miR-129-5p was found to

directly target FNDC3B, thus inhibiting the cell viability,
proliferation and invasion of tumor cells.?>

PI3K/mTOR signaling pathway has been reported to be
a crucial signal transduction cascade which is hyper-
activated in various tumors.’® Moreover, there was
research indicated that PI3K/mTOR signaling not only
participated in the regulation of cell proliferation, but
also metastasis in CRC.?’?° Zhang and colleagues demon-
strated that PI3K/mTOR signaling was activated in colon
cancer tissues, and the activation of PI3K/mTOR signaling
was depressed by miR-218 and thus to inhibit cell prolif-
eration and migration.”” Additionally, PI3K/mTOR activa-
tion was regulated by acetylshikonin which examined as
a potential anti-CRC drug because its ability to inhibit the
proliferation of CRC cells.’® Studies also proved that the
phosphorylation of PI3K and mTOR promoted by

IMPDH2, induced G1/S phase cell cycle transition, and
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accelerated the migration and invasion of tumor cells.”'
Our present study also addressed the evidence that
FNDC3B exerted positive effects on the activation of
PI3K/mTOR signaling during promoting CRC cell pro-
cesses. Contrarily, there was evidence suggested that
mTOR inactivation could enhance cellular autophagy,
which may be a protective measure for the survival of
tumor cells.>* However, the regulatory network of autop-
hagy is very complex, and excessive autophagy will also
affect the growth ability of tumor cells themselves.*
Therefore, the role of FDNC3B in autophagy of CRC
cells might need further explorations.

Conclusion

In conclusion, we confirmed the oncogenic role of
FNDC3B in CRC development, and also we evaluated
the correlation between FNDC3B expression and CRC
clinical outcome. Our findings underlined that miR-125a-
5p and miR-217 were associated with the dysregulation of
FNDC3B. Additionally, modulating the activation of
PI3K/mTOR signaling was indicated as the mechanism
of FNDC3B regulating cell proliferation and invasion in
CRC. These evidence provided new insights for the mole-
cular basis of CRC prognosis and therapy.
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