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ABSTRACT

Background/Aims: Esophageal squamous cell carcinoma (ESCC) is a major subtype of esophageal carcinoma and is highly prevalent in
China. Identification of effective biomarkers could benefit ESCC management and therefore improve clinical outcomes. Evaluating the
expression and significance of long non-coding RNA Fetal-lethal non-coding developmental regulatory RNA (FENDRR) in ESCC aims to
provide a biomarker candidate for ESCC.

Materials and Methods: This study enrolled 117 ESCC patients and collected tissue samples. The expression of FENDRR in collected
samples was analyzed by polymerase chain reaction. The Chi-square, Kaplan-Meier, and Cox analyses were performed to reveal its clini-
cal value. In ESCC cells, FENDRR was regulated by cell transfection, and its effect on cell growth and motility was evaluated.

Results: FENDRR was downregulated in ESCC and was associated with large tumor size, poor differentiation, late TNM stage, positive
lymph node metastasis, and adverse development-free survival of ESCC patients. FENDRR acted as an adverse indicator for the prog-
nosis of ESCC patients. miR-495-3p was negatively regulated by FENDRR. Overexpressing FENDRR significantly suppressed ESCC cell
growth and metastasis, while miR-495-3p reversed these effects.

Conclusion: Downregulated FENDRR in ESCC predicted the malignant development and adverse prognosis of ESCC patients. FENDRR
served as a tumor suppressor of ESCC by modulating miR-495-3p.
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INTRODUCTION

Esophageal carcinoma is a common malignant tumor of
the digestive system and tops the mortality of malig-
nant tumors." There are significant differences in the
occurrence and prevention of various histological types
of esophageal carcinoma, with esophageal squamous
cell carcinoma (ESCC) accounting for a huge percent-
age in Asia. Due to unclear pathogenesis, although mul-
tidisciplinary and comprehensive treatment has greatly
improved, the incidence of ESCC has increased rapidly in
the past decades.?® The risk factors for ESCC were dem-
onstrated to be associated with heavy drinking, smoking,
poor oral health, and pickled vegetables, with the onset
of ESCC involving the complex processes of multiple
stages and interactions.*® Surgical resection is an effec-
tive treatment for ESCC, but it is only suitable for patients
at an early stage. Therapeutic strategies for patients
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at advanced stages are still limited.®” The activation of
oncogenes and the inactivation of anti-oncogenes have
been suggested to play vital roles in the molecular mech-
anism of ESCC progression.® Therefore, the genetic and
epigenetic changes of ESCC patients have become cur-
rent research hot points, which could help identify novel
molecular targets for monitoring ESCC development,
exploring better management, and therefore improving
patients’ survival.

Non-coding RNAs (ncRNAs) have been demonstrated
to occupy an important position in the human genome.
The regulation of ncRNAs is also involved in epigenetics,
where long non-coding RNAs (IncRNAs) attract special
attention. With the development of sequencing technol-
ogy, the role of INcRNAs in tumor progression has been
noticed.® Although IncRNAs cannot code for proteins,
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they have been evidenced to regulate gene expres-
sion networks through chromatin modification, tran-
scription and post-transcriptional regulation, and other
pathways. The effect of IncRNAs, especially the dysreg-
ulated and progression-related IncRNAs, on the occur-
rence and progression of malignant tumors has also
been disclosed. Recent studies have attempted to con-
struct INcRNA signatures related to ESCC prognosis and
cancer development, identifying a series of candidate
biomarkers, involving IncRNA FENDRR (FENDRR)."o'"
Long non-coding RNA Fetal-lethal non-coding devel-
opmental regulatory RNA (FENDRR) has been identified
as a cancer-related IncRNA that inhibited colon cancer
progression, mediated gastric cancer cellular processes,
and regulated the tumor immune microenvironment of
non-small cell lung cancer.’?'* Whether FENDRR could
serve as a biomarker of ESCC monitoring disease devel-
opment and predicting patients’ outcomes remains
unknown.

In this study, the expression of FENDRR was estimated
in ESCC. The significance and potential of FENDRR in
patients’ prognosis and development-related cellular
processes were also assessed, aiming to identify a novel
biomarker candidate for ESCC. Additionally, the regu-
latory mechanism underlying the function of FENDRR
was also investigated. Competing endogenous RNA
(ceRNA) theory has been accepted as the major mecha-
nism underlying the function of IncRNAs and circRNAs,
where IncRNAs are considered to negatively regulate
functional miRNAs and further mediate disease devel-
opment. Previously, FENDRR was revealed to sponge
miR-424-5p, displaying its tumor suppressor role in
colorectal cancer, and various miRNAs were identified to
mediate its function in tumor progression.’>'® According
to the prediction of related miRNAs of FENDRR from
online databases, miR-495-3p was identified as a
sponge of FENDRR. Moreover, miR-495-3p was dis-
closed to serve as a target of FAM83A-AS1, mediat-
ing the regulation of tumor progression of esophageal
cancer.?® Hence, the involvement of miR-495-3p was
hypothesized as the potential mechanism underlying
the effect of FENDRR.

Main Points

Downregulated FENDRR predicts the severity of ESCC.
FENDRR served as an independent prognostic biomarker
for ESCC.

FENDRR suppressed ESCC cell progression by modulating
miR-495-3p.

MATERIALS AND METHODS

Inclusion and Exclusion Criteria

This study had been approved by the Ethics Committee
of Jiangsu Cancer Hospital, Jiangsu Institute of Cancer
Research, the Affiliated Cancer Hospital of Nanjing Medical
University (No. 2016-002-018), and obtained informed
consent from all participants. One hundred and seven-
teen individuals diagnosed with ESCC by biopsy and who
received radical tumor resection at Jiangsu Cancer Hospital,
Jiangsu Institute of Cancer Research, the Affiliated Cancer
Hospital of Nanjing Medical University were enrolled from
June 2016 to July 2018 according to the following criteria:

Inclusion: 1) primarily diagnosed with ESCC; 2) had never
received any anti-cancer treatments before diagnosis; 3)
the clinical records were complete.

Exclusion: 1) patients under 18 years of age; 2) patients
with other malighant tumors or other immune system
diseases; 3) pregnant or lactating patients.

Sample Collection

Tumor tissues were collected during surgery, along with
adjacent normal tissues. The distance between normal
tissues and tumor tissues was at least 5 cm. The tumor
tissues were confirmed to have not invaded the sur-
rounding tissues by at least 2 pathologists. Collected tis-
sues were stored in liquid nitrogen and frozen in a -80°C
refrigerator for long-term storage.

Follow-Up Survey

Patients were followed up for 5 years by telephone or
through outpatient review. The endpoint events were
defined as recurrence, malignant development, and
ESCC-related deaths. The follow-up data were analyzed
by Kaplan—Meier and Cox regression analyses.

Cell Culture

Human-sourced ESCC cell lines, KYSE-150, ECA-109,
TE10, and YES-2, and Het-1A (a human normal esopha-
geal epithelial cell) were incubated in 10% fetal bovine
serum (FBS) (Invitrogen, USA)-supplemented RPMI1640
culture medium (Invitrogen, USA) at 37°C with 5% CO,,.
The culture medium was replaced with fresh medium
every 1-2 days. Cells were available for the following
experiments when the confluence reached 80%.

Cell Transfection
The miR-495-3p was predicted from the IncRNASNP
3.0 database to bind with FENDRR. Cells were incubated
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with pcDNA 3.1-FENDRR- or miR-495-3p mimic-con-
taining culture medium at 37°C with 5% CO, for 6 hours,
then the culture medium was replaced with 10% FBS-
containing RPMI 1640 culture medium and incubated
for another 2 days. The sequence of miR-495-3p mimic
was 5'- AAACAAACAUGGUGCACUUCUU-3', while
the overexpression of FENDRR was conducted through
cloning the polymerase chain reaction (PCR) products
into the pcDNA 3.1 vector (Invitrogen, USA). The primer
sequences were summarized in the corresponding meth-
ods section.

Total RNA Extraction

Tissues were cut up and prepared as homogenate in the
Trizol reagent (Invitrogen, USA), while cells were also
lysed with Trizol reagent (Invitrogen, USA) after washing
with PBS (Sigma-Aldrich, USA). The mixture was centri-
fuged and the supernatant was collected. Then, a 0.2-fold
volume of chloroform (Sigma-Aldrich, USA) was added
and centrifuged (12000 rpm for 10 minutes) after 2-min
incubation. The aqueous phase was further mixed with
isopropyl alcohol (Sigma-Aldrich, USA) and incubated for
10 minutes at room temperature. Total RNA was isolated
and washed with 75% ethanol (Sigma-Aldrich, USA), and
recombinant DNase | (Takara, Japan) was used to remove
genomic DNA. The OD260/0D280 was detected with
NanoDrop 2000 (Thermo Scientific, USA) to assess the
concentration and purity of isolated RNA. The ratio of
0D260/280 ranged from 1.8 to 2.2, indicating the quali-
fied RNA.

Real-Time Polymerase Chain Reaction

The cDNA was generated through reverse transcription
using a High-Capacity complementary DNA Reverse
Transcription Kit (for FENDRR, Applied Biosystem, USA)
and a miRcute miRNA cDNA kit (for miR-495-3p, Tiagen,
China). Then, FENDRR and miR-495-3p levels were
analyzed on the 7500 PCR system (Applied Biosystem,
USA) with the SYBR Green Mix (Applied Biosystem,
USA). The thermal cycles were conducted at 37°C for
5 minutes, and then at 94°C for 5 minutes, followed by
50 cycles of 90°C for 15 s, 60°C for 60 s, and cooling at
50°C for 30 s. The 222t method was used for the cal-
culation with GAPDH and cel-miR-39 as internal refer-
ences. The primer sequences were: FENDRR forward
5'-TAAAATTGCAGATCCTCCG-3', FENDRR reverse
5'-AACGTTCGCATTTAGC-3; miR-495-3p forward
5'-GCGAAACAAACATGGTGC-3, miR-495-3p reverse
5'-GCAGGGTCCGAGGTATTC-3; GAPDH  forward
5'-GCCTTCTCTTGTGACAAAGTG-3', GAPDH reverse

5'-CTTCCCATTCTCAGCCTTG-3'; cel-miR-39 forward
5'-CGTATGAGCGTCACCGGGTGTAAATCA-3'.

Dual-Luciferase Reporter Assay

The binding sites between FENDRR and miR-495-3p
were predicted from the INcRNASNP 3.0 database. The
wild-type and mutant-type vectors of FENDRR were
constructed by cloning the corresponding sequences into
the pGL3 plasmid (Promega, USA). Cells were co-trans-
fected with the established vectors and miR-495-3p
mimic, inhibitor, or negative controls according to the cell
transfection. Then, the luciferase activity of FENDRR was
measured using a luciferase reporter system with Renilla
as the internal reference.

Cell Proliferation Assay

Cells were seeded into 96-well plates with 5 duplicate
wells for each group. Cells were maintained in FBS-
containing culture medium, and a total of 100 pL cell-free
culture medium was added in a ring around the 96-well
plates to prevent evaporation. Cell counting kit-8 (CCK8)
reagent (Beyotime, China) was added to each well after a
period of incubation at 37°C. After incubation for another
2 hours, the plates were analyzed with a microplate reader
for OD450.

Cell Metastasis Assay

Cell suspension was prepared in an FBS-free culture
medium, and cells were seeded into the upper chamber of
24-well Transwell plates (Corning, USA). The upper cham-
ber was pre-coated with Matrigel (Corning, USA) diluted
with an FBS-free culture medium in the invasion assay.
The bottom chamber was filled with a complete culture
medium. After a 2-hour incubation at 37°C, the chambers
were washed with PBS twice. Cells were counted under a
microscope from 5 random fields after fixing and staining.

Statistical Analysis

All data were presented as mean * SD (n = 3) and ana-
lyzed by SPSS 26.0 software (IBM SPSS Corp.; Armonk,
NY, USA). Differences were compared using Student's
t-test and one-way ANOVA (P < .05). The clinical data
were analyzed with the Chi-square test to estimate the
association of FENDRR with patients' disease conditions.
Kaplan-Meier and multivariate Cox regression analyses
were performed for the analysis of follow-up data and
to identify prognostic factors for ESCC. The correlation
between FENDRR and miR-495-3p was evaluated by
Pearson correlation analysis.
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RESULTS

Expression and Significance of FENDRR in Esophageal
Squamous Cell Carcinoma

In tumor tissues, FENDRR was significantly downregu-
lated relative to the normal tissues (Figure 1A). The aver-
age FENDRR level was used as the cutoff to divide ESCC
patients into the low-FENDRR with 59 patients and the
high-FENDRR group with 58 patients. Esophageal squa-
mous cell carcinoma patients with poor differentiation,
advanced TNM stage, and positive lymph node metasta-
sis were mainly included in the low-FENDRR group, and
significant associations were observed in tumor size (P
=.049), differentiation (P = .019), TNM stage (P = .007),
and lymph node metastasis occurrence (P =.031, Table 1)
with FENDRR.

Additionally, the low-FENDRR group showed a lower
5-year survival rate (Figure 1B). FENDRR (95% CI =
0.414-2.684, HR = 2.054) was identified as an indepen-
dent factor for ESCC as well as TNM stage (HR = 2.684)
and lymph node metastasis (HR = 2.835, Table 2).
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Figure 1. The expression of FENDRR in ESCC tissues (A) and its
correlation with patients’ 5-year development-free survival (B).
FENDRR was downregulated and significantly associated with the
prognosis of ESCC patients. P <.0001.

The Function of FENDRR in Esophageal Squamous Cell
Carcinoma Cellular Processes and the Involvement of
miR-495-3p

Reduced FENDRR levels were also observed in ESCC cells
compared with normal cells (Figure 2A). KYSE-150 and
ECA-109 were more sensitive to the dysregulation of

Table 1. Association of FENDRR Expression with Patients’ Clinicopathological Features

Cases (n =117) Low-FENDRR (n = 59) High-FENDRR (n = 58) P
Age .636
<60 53 28 25
=260 64 31 33
Gender 277
Male 75 35 40
Female 42 24 18
Tumor location 108
Upper and middle 68 30 38
Lower 49 29 20
Tumor size .049
<4 66 28 38
=24 51 31 20
Differentiation .019
Well-moderate 81 35 46
Poor 36 24 12
TNM stage .007
I-11 79 33 46
1 38 26 12
Lymph node metastasis .031
Absent 82 36 46
Present 35 23 12
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FENDRR and were selected for the assessment of cellular
processes.

Table 2. Multivariate Cox Regression Analysis Evaluating the
Prognostic Value of Patients’ Clinicopathological Features

95%Cl HR P
FENDRR was overex.press.ed in KYSE—1SQ and ECA-109  -\prr 0.414-2684 5054 012
cells by cell transfection (Figure 2B). The miR-495-3p was
. Age 0.522-3.306 1.313 563
predicted as a ceRNA of FENDRR from the IncRNASNP
3.0 database. Significant upregulation of miR-495-3p Gender 0.450-3.154 1192 724
was observed in tumor tissues (Figure 2C), which showed  Tumor location 0.693-4.416 1.750 236
a significantly negative correlation with the expression of  Tymor size 0.597-3.847 1516 381
FENDRR (r = -0.875, Figure 2D). Overexpressing FENDRR e o niiation 0.752-4.799 1900 175
dramatically reduced the expression of miR-495-3p in TNM st 1.066.6.756 b 684 036
KYSE-150 and ECA-109 cells (Figure 2E). Their binding stage PRRTR : :
sites were also obtained, and the targeting relationship ~Lymph node metastasis 1.104-7.283 2.835 030
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Figure 2. The expression of FENDRR in ESCC cells (A) and its regulation by cell transfection (B). The expression of miR-495-3p in tumor

tissues (C) and its correlation with FENDRR (D). The regulatory effect

of FENDRR on the expression of miR-495-3p (E). The binding sites

between FENDRR and miR-495-3p and validation of their targeting relationship by the luciferase reporter assay (F). FENDRR was
downregulated in ESCC cells. Overexpressing FENDRR could significantly suppress miR-495-3p. P > .05, "P < .01, P <.001, ""P < .0001.
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Figure 3. The effect of FENDRR on the proliferation (A), migration (B), and invasion (C) of KYSE-150 and ECA-109 cells, and the involvement
of miR-495-3p. Overexpressing FENDRR significantly inhibited cell growth and motility, which was reversed by the overexpression of miR-

495-3p. P> .05, 'P<.05,"P<.01,"P <.001.

was confirmed by the negatively regulated luciferase
activity of FENDRR by miR-495-3p in KYSE-150 and
ECA-109 cells (Figure 2F). The miR-495-3p mimic has
not affected FENDRR expression (Figure 2B) but dra-
matically reversed the inhibited miR-495-3p by FENDRR
(Figure 2E).

In KYSE-150 and ECA-109 cells, elevated FENDRR
decreased proliferation (Figure 3A), migration (Figure 3B),
and invasion (Figure 3C) significantly. While miR-495-3p
could alleviate the inhibitory effects of FENDRR, indicating
its involvement in the function of FENDRR (Figure 3A-C).

DISCUSSION

The occurrence of esophageal carcinoma shows a sig-
nificant regional difference, with ESCC is the highly
prevalent subtype in Asia, especially in China.?' Although
diagnostic and therapeutic technologies have improved
a lot, the occurrence and mortality of ESCC have still
increased rapidly. Previous studies revealed the signifi-
cance of IncRNAs in cancer development and regulation,
implying that IncRNAs are expected to serve as molecu-
lar indicators of ESCC and potential targets for tumor
treatments.

In the digestive system, FENDRR was evidenced to play
roles in gastric cancer, colon cancer, and hepatocellular
carcinoma progression.'”?223 The regulatory effect and sig-
nificance of FENDRR dysregulation in its involved cancer
have also been disclosed. For example, the reduced level
of FENDRR in colon cancer was found to predict advanced
clinical stages and adverse outcomes.” The prognostic
significance of FENDRR was also demonstrated in breast
cancer, where FENDRR was downregulated and corre-
lated with shorter overall and progression-free survival of
patients, and associated with increasing PR, HER-2, and
lymphatic metastasis.?* Herein, FENDRR downregulation
was also observed in ESCC patients’ tumor tissues. The
decreasing FENDRR showed a close association with the
severity of ESCC patients, behaving as the larger tumor
size, poorer differentiation, advanced TNM stage, and
positive lymph node metastasis. Moreover, FENDRR also
served as a prognostic indicator that showed significant
association with the 5-year development-free survival of
ESCC patients.

Recently, IncRNAs have been considered essential reg-
ulators in malignant tumors that regulate various cel-
lular functions, including cell motility, stemness, and
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differentiation.?® The proliferation of tumor cells is asso-
ciated with tumor growth and therefore indirectly affects
the development of cancers.?® Cell motility is an important
factor related to cancer metastasis.?” FENDRR was pre-
viously reported to regulate the migratory, invasive, and
growth capacities of cholangiocarcinoma, osteosarcoma,
prostate cancer, and renal carcinoma cells, evidencing its
tumor regulator roles.?8-3" Herein, ESCC cells also showed
significant downregulation of FENDRR. Overexpressing
FENDRR was found to inhibit the growth and metastasis
ability of ESCC cells, suggesting its potential tumor sup-
pressor role in ESCC progression.

Long non-coding RNAs could modulate the expression
and effect of functional miRNAs and therefore further
regulate tumor progression.® The miR-495-3p was neg-
atively regulated by FENDRR. The cellular processes of
various cancers were previously shown to be regulated
by miR-495-3p. For instance, miR-495-3p was observed
to inhibit colorectal cancer cells, which depressed cell
growth and migration and therefore was identified as a
tumor suppressor.®® A previous miRNA profile revealed
upregulated miR-495-3p in post-ablation neosquamous
mucosa.®* In esophageal cancer, miR-495-3p was dem-
onstrated to mediate the effect of FAM83A-AS1.2° Here,
overexpressing miR-495-3p attenuated the inhibitory
effect of FENDRR on ESCC cell growth and motility, indi-
cating its involvement in the regulation of ESCC cellular
processes by FENDRR.

However, the subjects of the present study were enrolled
from a single center, and the sample size is not large
enough, which might limit the clinical results. Therefore,
future studies should include multiple centers and
expanded sample size. On the other hand, the underly-
ing molecular mechanisms also need further investiga-
tion. Targeting the 3" UTR of mRNAs has been widely
accepted as the major regulatory mechanism of miRNAs.
Previous studies have reported miR-495-3p could target
CDK1, cadherin 2, and HMGB1 to display its functional
role in various cancers, and BUB1 was demonstrated as
the direct target of miR-495-3p in esophageal carci-
noma.®¥*-87 Further mechanism studies are needed to
complete the regulatory axis of FENDRR and to provide
more potential targets for the clinical therapy of ESCC.

Taken together, the present study confirmed the down-
regulation of FENDRRin ESCC, which predicted the sever-
ity and unfavorable outcomes of patients. Overexpressing
FENDRR dramatically prevented ESCC cell growth and
motility via miR-495-3p.
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