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Background: Esophageal cancer (EC) is one of the most lethal cancers. Esophageal squamous cell
carcinoma (ESCC) is the most common histological subtype in Asian people. Diverse microRNAs, such as
miR-375, have been confirmed to be involved in the process of tumorigenesis and metastasis. However, the
underlying mechanism through which miR-375 acts in ESCC patients remains unknown.

Methods: We used The Cancer Genome Atlas (TCGA) database to analyze the association between miR-
375 and the survival rate in patients with esophageal squamous cell carcinoma. Real Time quantitative PCR
(RT-qPCR) analysis was performed to evaluate the level of miR-375 in EC tissues and cells. A luciferase
reporter assay was used to confirm the target gene of miR-375. A colony formation assay as well as flow
cytometric and transwell invasion experiments were employed to examine the effects of miR-375 and
peroxiredoxin 1 (PRDXI) on ESCC cells. A tumor xenograft mouse model was then used to investigate the
role of miR-375 on tumor growth iz vive. Moreover, we performed rescue experiments to evaluate the effect
of PRDX1 on ESCC progression.

Results: miR-375 expression was significantly downregulated in both ESCC clinical tissues and serum,
and the reduction of miR-375 was remarkably linked to a poor prognosis in ESCC. Further investigation
illustrated that aberrant expression of miR-375 dampened the growth and infiltration of ESCC cells both
in vitro and in vive. Bioinformatics and luciferase reporter analysis verified that the transcript of PRDXT is a
direct target of miR-375 and its expression in ESCC cells was found to be inversely modulated by miR-375.
Moreover, the tumor formation experiment in nude mice confirmed that miR-375 can effectively dampen
tumor growth in xenograft tumor mice models. Notably, over-expression of PRDX1 effectively counteracted
the tumor-suppressing capabilities of miR-375.

Conclusions: We demonstrated the antitumor effect of miR-375 on ESCC by targeting PRDX1 both

in vitro and in vivo.
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Introduction

Esophageal cancer (EC) is the seventh most prevalent
malignancy and the sixth leading cause of cancer mortality
globally (1). Esophageal squamous cell carcinoma (ESCC)
is the most common pathogenic type of EC, particularly in
the high-incidence countries of East Asia, including China,
where it accounts for almost 90% of all EC cases (2). At
present, despite significant breakthroughs in diagnostic and
treatment technology, the prognosis and outcome in ESCC
remain dismal, with a 5-year overall survival rate of less
than 30% for advanced stages (3). Hence, elucidating the
molecular basis that accounts for the progress and prognosis
of ESCC is pivotal for developing novel treatment
approaches to enhance survival rates.

MicroRNAs (miRNAs) are a family of non-coding RINAs
that are approximately 22 nucleotides in length and play
critical roles in gene regulation at the post-transcriptional
level in both plants and animals (4,5). Translational
repression or message RNA (mRNA) degradation can
occur as a result of the docking of the RNA-induced
silencing complex (RISC) to complementary sites in the 3'
untranslated region of target mRNA guided by miRNAs
(6). miRNAs are involved in cell proliferation, apoptosis,
differentiation, maturation, metabolism and other processes,
and therefore play an important role in tumor pathology
(7-9). Among them, multiple miRNAs are dysregulated
and can serve as either tumor repressors or oncogenes in
almost all types of cancers (10). These elevated or decreased
miRNAs might be utilized as signatures for tumor diagnosis
and prognosis, and new cancer therapy can be developed by
manipulating miRNAs (11).

Recently, numerous miRNAs have been documented to
participate in the pathological processes of ESCC and can
be used as potential diagnostic and prognosis biomarkers
(12-14). Among them, miR-375 has been confirmed to be
remarkably downregulated and acts as a tumor repressor
targeting numerous oncogenic genes in several cancer types,
including gastric cancer (15), colorectal cancer (16), oral
squamous cell carcinoma (17), head and neck squamous cell
carcinoma (18), hepatocellular carcinoma (19), and ESCC
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(20-22). Nonetheless, the precise mechanism by which
miR-375 acts in ESCC remains unclear.

"This study is the first to establish that miR-375 functions
as a tumor suppressor by directly regulating the peroxiredoxin
1 (PRDX1) gene, which is an antioxidant enzyme (23) and
a pivotal intracellular intermediate balancing cell survival
with apoptosis in ESCC (24,25). Real-time quantitative
polymerase chain reaction (RT-qPCR) assay highlighted
the significant downregulation of miR-375 in human ESCC
specimens, serum, and ESCC cell lines. Also, the data from
the Kaplan-Meier Plotter website illustrated that miR-375
content in ESCC patients is positively linked to their rate
of survival. Moreover, aberrant miR-375 expression was
found to dampen proliferation, metastasis, and infiltration,
but promoted the apoptosis of ESCC cells, as demonstrated
by functional studies. Bioinformatics and luciferase
reporter analyses showed that individuals with ESCC
have a gene called peroxiredoxin 1 (PRDX1I) that is a direct
target of miR-375. Overall, miR-375 was found to exert
a critical modulatory function in the pathophysiological
process of ESCC by targeting PRDX1. We present the
following article in accordance with the ARRIVE reporting
checklist (available at https://jgo.amegroups.com/article/
view/10.21037/jgo-22-929/rc).

Methods
Patients and clinical samples

In total, 27 ESCC specimens along with matched
neighboring non-malignant ESCC tissues from patients
who underwent surgeries between August 2017 and April
2020 were received from Nanjing Lishui People’s Hospital
(Nanjing, China). The clinical specimens were kept at -80 °C
for further study. We also acquired 2 mL of peripheral
blood from each of the aforementioned ESCC patients
and 25 healthy individuals. The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). The study was approved by the Ethics Committee of
Nanjing Lishui People’s Hospital and informed consent was
taken from all the patients.
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Table 1 Primers used for RT-qPCR

Wu et al. miR-375 suppresses ESCC by targeting PRDX1

Gene name Forward (5'-3") Reverse (5'-3')

GAPDH GGAGCGAGATCCCTCCAAAAT GGCTGTTGTCATACTTCTCATGG
PRDX1 CCACGGAGATCATTGCTTTCA AGGTGTATTGACCCATGCTAGAT
Cyclin D1 GCTGCGAAGTGGAAACCATC CCTCCTTCTGCACACATTTGAA
Bcl-2 GGTGGGGTCATGTGTGTGG CGGTTCAGGTACTCAGTCATCC
E-Cadherin CGAGAGCTACACGTTCACGG GGGTGTCGAGGGAAAAATAGG
N-Cadherin TCAGGCGTCTGTAGAGGCTT ATGCACATCCTTCGATAAGACTG
Bax CCCGAGAGGTCTTTTTCCGAG CCAGCCCATGATGGTTCTGAT

PCNA CCTGCTGGGATATTAGCTCCA CAGCGGTAGGTGTCGAAGC

RT-gPCR, real-time quantitative polymerase chain reaction.

Cell culture

The China Cell Culture Center (Shanghai, China)
provided TE-1, TE-10, and ECA-109 ESCC cells coupled
with healthy Het-1A esophageal epithelial cells. All cells
were inoculated at 5% carbon dioxide (CO,) and 37 °C in
Dulbecco’s Modified Eagle Medium (DMEM) (Gibco,
United States) enriched with 10% (v/v) Fetal Bovine Serum
(FBS) (Gibco, CA), as well as 1% penicillin (v/v) and
streptomycin (Gibco, United States).

Transfection of cells with the miRNA mimic and plasmid

The synthetic miR-375 mimics and scramble mimics
(mock) were provided by Genepharma Company (Shanghai,
China). The sequences of the miR-375 mimic are as follows:
(5'-3"): UUUGUUCGUUCGGCUCGCGUGA. The
PRDX1I coding sequence was cloned and propagated into a
pcDNA3.1 plasmid. We planted the cells in six-well plates
and then transfected them using the Lipofectamine 2000
system (Invitrogen, USA) according to the manufacturer’s
instructions.

Isolation of total and serum RNA and RT-qPCR

TRIzol reagent (Invitrogen) or mirVana PARIS System
(Ambion, Texas, USA) were respectively employed to isolate
total or serum RNA. Subsequently, RNA quantitation and
quality determination were performed on the Nanodrop
2000 spectrophotometer platform (Thermo Fisher
Scientific, United States). Thereafter, TagMan miRNA
(miR-375 and U6 snRNA) probes (Applied Biosystems,
USA) were utilized to perform RT-qPCR according to
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the manufacturer’s protocol (26) for mature microRNAs
or mRNA using the SYBR Green (Applied Biosystems)
method. RT-qPCR was carried out on the 7900 detection
system (Applied Biosystems), with U6 small nuclear RNA
(snRNA) and glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) serving as normalization standards for miRINA
and mRNA, respectively. A comparative threshold cycle
method was used and values were computed using the 27"
equation. Each reaction in this experiment was run three
separate times. The qRT-PCR primer sequences are listed
in Table 1.

CCK-8 assay
A Cell Counting Kit-8 (CCK-8) assay kit (Dojindo,

Kumamoto, Japan) was used to determine cell proliferation.
1.0x10’ cells were seeded into 96-well plates and incubated
for 48 h. After 12 hours of post-transfection with the
microRNA mimic, mock, or plasmid, the cells were
inoculated with a 20 pL. CCK-8 solution and the absorbance
at 450 nm was measured using a microplate reader (BioTek,
USA) after 2 h of incubation at 37 °C. It was necessary to
assay each sample in triplicate.

Clonogenic assay of cells in vitro

A cell colony formation assay was performed as described
previously (27). Briefly, the cells were treated with a
microRNA mimic, mock, or plasmid for 48 h. Next, we
harvested the cells and re-suspended them in a 1 mL
culture medium into every well of a 24-well plate. The
cells were incubated to grow for 2 weeks at 37 °C. We
then removed all of the media and fixed the colonies in
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4% Paraformaldehyde Solution (PFA) before staining the
cells using crystal violet dye. Under the microscope, the
formation of colonies in three different regions of each
experiment was counted.

Transwell assay

Transwell chambers (Corning, United States) were used to
determine cell infiltration and migration. The Transwell
compartment was pre-smeared with 50 pL of Matrigel
for detection of cell infiltration but was utilized without
the Matrigel coating when detecting cell migration. After
being inoculated into a 24-well plate in a growth medium
enhanced with 2% FBS at 37 °C, the treated cells were
transferred to the lower compartment of the plate and
placed in 600 pL of culture medium enriched with 10%
FBS. Following 48 h of growth, the cells were fixed for
30 min. After removing the cells that had not migrated with
cotton swabs, the migrating cells were stained with 0.2%
crystal violet and incubated at 37 °C for 10 minutes. Five
random fields of cells were counted under microscope.

Plasmid construction and luciferase reporter assay

The PRDX1 3'-UTR partial sequence, which contains the
binding site or mutant binding site, was generated and
inserted into a dual-luciferase pmirGLO plasmid (Promega,
United States) by GenScript Corporation (Nanjing, China).
For the luciferase enzyme reporter experiment, the cells
were inoculated into 24-well plates and co-transfected with
0.5 pg firefly luciferase enzyme reporter plasmid and an
equivalent amount of scrambled mock or miR-375 mimic
using the Lipofectamine 2000 system (Invitrogen, USA) for
48 h. The activity of the luciferase enzyme was determined
using a Dual-Luciferase Enzyme Reporter Assay Kit
(Promega) according to the manufacturer's instructions,
with the Renilla luciferase signal acting as a control.

Animal studies

We construct the tumor graft models to investigate the
antitumor effect of miR-375 in vivo. Experiments were
performed under a project license (No. 20180815003)
granted by the Animal Care & Welfare Committee of
Southeast University, in compliance with Chinese National
Standard (GBT35823-2018) guidelines for the care and
use of animals. A protocol was prepared before the study
without registration. The Weitong Lihua Company (Beijing,
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China) provided us with 6-week-old male BALB/c nudes.
The nude mice were housed in a specific pathogen-free
(SPF) environment (50%x10% relative humidity, 25=1 °C),
and 5 mice per cage. A total of 10 nude mice were prepared
for the experiments, 5 each in the experimental group or
the control group. To construct the tumor graft models,
TE-1 cells were inoculated with either a lentiviral vector
over-expressing miR-375 (Lenti-miR-375) or a lentiviral-
mock vector (Lenti-mock vector). 2x10° cells per mouse
(n=5) were inoculated subcutaneously into the flanks of the
mice after treatment. The length (L), width (W) and height
(H) of tumor was measured every 4 days and the tumor
volume (V) was calculated by the formula V =n/6xLxWxH.
The nude mice were put to death by cervical dislocation
after 24 days. The tumors were subsequently removed and
weighed. Some tissues were used to extract mRINA and
RT-qPCR was used to detect oncogenes such as Cyclin
D1, PCNA, N-cadherin, B-cell lymphoma-2 (Bcl-2) and
tumor suppressor genes such as E-cadherin and Bax. Each
procedure was performed by the same person to minimize
errors, and the mice were processed in the same order.
The mice grouping was known to the designers and data
analysts, but not to the breeders and operators.

Western blotting

Cell and tissue lysis was performed using a lysis buffer
enriched with inhibitor cocktail (Sigma, USA). The
Bicinchoninic Acid (BCA) assay (Pierce, United States) was
used to determine the amount of protein in the sample.
Sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) was used to fractionate 50 pL. samples, which
were then transferred to a Polyvinylidene Fluoride (PVDF)
membrane (Roche, USA) for analysis. Next, the membranes
were blocked with 5% non-fat milk in a Tris-Buffered Saline
and Tween 20 TBST buffer for 1 h at room temperature,
and overnight inoculation with primary antibodies against
PRDX1 (Cell Signaling Technology, United States) and
GAPDH (Abcam, Cambridge, United States) was carried
out at 4 °C.

Subsequently, the membranes were rinsed in TBST
buffer, and the blots were inoculated for 1 hour with
the secondary antibody labeled with Horseradish
Peroxidase (HRP) and then detected with enhanced
chemiluminescent (ECL) reagents (Pierce, Rockford, USA).
The autoradiographic intensity of each bar graph was
scanned and calculated by using Image ] software (National
Institutes of Health, USA).
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Flow cytometry assay

The rate of cell apoptosis was investigated using flow
cytometry and an Annexin V-FITC/PI apoptosis detection
system (BD Biosciences, New Jersey, USA) as per the
manufacturer’s protocol. Briefly, the treated cells were
inoculated and collected via spinning at 400 x g for
5 minutes. The cells were re-suspended in 300 pL. docking
buffer and stained in the dark using Annexin V-FITC and
propidium iodide at room temperature for 15 min. Cell
apoptosis was detected using a flow cytometry platform (BD
Biosciences, New Jersey, USA).

Statistical analysis

The data were expressed as means + standard deviation (SD)
for a minimum of three separate experiments. SPSS 22.0
(SPSS, Chicago, IL, USA) software was used to conduct
statistical analysis. Statistical comparisons between the two
groups were performed by Student's t-test, with P<0.05
signifying statistical significance.

Results

miR-375 levels are lower in ESCC tissues, serum, and

ESCC cell lines

To elucidate the association between prognosis and miR-
375 in ESCC patients, we assessed the miR-375 levels and
survival rates of ESCC patients using The Cancer Genome
Atlas (TCGA) database and Kaplan-Meier Plotter website
using the TCGA assembler (28). As illustrated in Figure 1A,
the high level of miR-375 in patients corresponds to a better
prognosis and greater survival rate. This data indicated that
miR-375 is associated with a protective phenotype in ESCC
progression.

To further understand the function of miR-375 in
ESCC, we first determined the miR-375 level in ESCC
tissues and serum. A total of 27 pairs of ESCC tissues and
non-malignant neighboring tissues were obtained from
Nanjing Lishui People’s Hospital. The clinicopathological
properties of individuals with ESCC are shown in Table 2.
ESCC tissues and adjacent tissues (hematoxylin-eosin
staining) were observed under microscope to confirm the
pathological features (Figure 1B).

We also isolated the total RNA from these paired
samples and serum. The miR-375 level was verified using

the TagMan probe-based RT-qPCR method (26). We
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assessed the miR-375 level in the 27 pairs of ESCC and the
corresponding adjacent noncancerous clinical tissues. As
illustrated in Figure 1C, the miR-375 level was markedly
reduced in ESCC tissues in contrast to the controls.
Additionally, the miR-375 content in serum with ESCC
was significantly decreased in contrast to the healthy
volunteers (Figure 1D), which is congruous with previous
reports (29,30). Consistently, miR-375 expression was
also remarkably decreased in three types of ESCC cells in
contrast to the Het-1A non-tumorous esophageal cell line
(Figure 1E). These findings suggest that miR-375 exerts an
anti-tumor effect in ESCC.

miR-375 dampens invasion and proliferation but triggers
apoptosis in ESCC cells in vitro

To determine the precise biological function of miR-375
in ESCC, we performed gain-of-function experiments
by transfecting ESCC cell lines with a miR-375 mimic
or scramble mimic control (mock). RT-qPCR analysis
indicated that enhanced miR-375 expression significantly
boosted miR-375 content in TE-1 and ECA-109 cells
(Figure 2A).

The regulatory role of miR-375 on the growth, invasion
along with apoptosis of TE-1, as well as ECA-109 cells was
also investigated. Figure 2B shows that ectopic miR-375
expression significantly decreased the colony generation
capacity of TE-1 and ECA-109 cells in contrast to the
mock control. The CCK-8 data revealed that miR-375
transfection markedly repressed the growth and viability
of TE-1 (Figure 2C) and ECA-109 (Figure 2D) cells,
respectively.

The Cyclin D1 and proliferating cell nuclear antigen (PCNA)
are considered to be oncogenes, which are upregulated
in different cancer tissues and promoting tumor cell
proliferation and migration (31,32). We determined whether
miR-375's effect on ESCC cell development involves these
two genes. As shown in Figure 2E, overexpression of miR-
375 in TE-1 and ECA-109 cells significantly decreased the
expression of these two genes compared to a mock control.
Additionally, transwell invasion data illustrated that forced
expression of miR-375 markedly restrained the invasive
potential of TE-1 and ECA-109 cells (Figure 2F).

To elucidate the specific molecular mechanisms
implicated in esophageal cell migration, we assessed the
expression of E-cadberin and N-cadherin genes, which are
involved in the migration and infiltration of ESCC cells in
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Figure 1 miR-375 levels were lower in serum, ESCC tissues, and ESCC cell lines. (A) Survival analysis of miR-375 in ESCC patients
from TCGA databases. (B) ESCC tissues and adjacent tissues under the microscope (H&E Staining). (C) TagMan probe-based RT-gPCR
assessment of miR-375 levels in ESCC tissues and corresponding adjacent noncancerous clinical samples. (D) TagMan probe-based RT-
qPCR assessment of miR-375 levels in serum with ESCC and healthy volunteers. (E) The relative levels of miR-375 in TE-1, ECA-109,
and TE-10 ESCC cells, and the non-malignant cancer cell line, Het-1A, were examined by RT-qPCR. Data are presented as the mean =

SD of three independent experiments. *P<0.05. **P<0.01. ESCC, esophageal squamous cell carcinoma; RT-qPCR, real-time quantitative

polymerase chain reaction.

both TE-1 and ECA-109 cells (33). The results illustrated
that miR-375 increased the E-cadherin content but reduced
the content of N-cadherin (Figure 2G). Moreover, flow
cytometry illustrated that the aberrant expression of miR-
375 can considerably increase the ESCC cell apoptotic rate
compared with the vehicle in TE-1 cells (Figure 2H,21).
These data confirmed that miR-375 dampens cell
proliferation and migration but induces cell apoptosis
in vitro.

© Journal of Gastrointestinal Oncology. All rights reserved.

miR-375 effectively dampened tumor growth in xenograft
tumor mice model in vivo

To determine the antitumor effect of miR-375 in vivo,
a xenograft mouse model using ESCC cell lines was
established. Firstly, TE-1 cells inoculated with lentivirus-
packaged miR-375 or lenti-mock were implanted into
nude mice by subcutaneous injection. The tumors were

measured every 4 days and after 24 days, all the nude mice
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Table 2 Clinicopathological characteristics of patients with ESCC

Variables Total
Gender

Male 17

Female 10
Age, years

<60 20

>60 7
T stage

T1+T2 13

T3+ T4 14
N stage

NO 10

N1-3 8

Nx 9
M stage

MO 14

M1 13
Stage

Unknown 3

I+l 14

I+ 1v 10

ESCC, esophageal squamous cell carcinoma.

were sacrificed and tumors were removed and weighed. The
xenograft experiments showed that inoculation with the
miR-375-overexpression lentivirus obviously dampened the
the growth of tumor volume and weight in contrast to the
mock group (Figure 3A4,3B).

Moreover, the RT-qPCR assay showed that the
oncogenes such as Cyclin D1, PCNA, N-cadberin, and B-cell
lympboma-2 (Bcl-2) were significantly reduced, whereas
tumor suppressor genes, including E-cadberin and Bax,
were markedly increased in tumor tissues by treatment of
miR-375 in contrast to the mock controls (Figure 3C-3E).
Collectively, these findings illustrate that miR-375
promotes apoptosis and dampens migration and invasion in
esophageal carcinoma xenografts in vivo.

© Journal of Gastrointestinal Oncology. All rights reserved.
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PRDX1 is a direct target of miR-375, which negatively
modulates its expression in ESCC cells

To investigate the potential mechanism by which miR-375
regulates ESCC progression, we searched the prospective
miR-375 gene targets via bioinformatics analysis (34). Using
the miRNA target forecasting program (TargetScan), the
PRDXI1 mRNA transcript was hypothesized to be a miR-375
target gene. As illustrated in Figure 44, the 3'-untranslated
region (3'-UTR) of the PRDXI mRNA transcript contains
one putative miR-375 target site. Moreover, the seed
site (core sequence comprising the first 2-8 bases of the
miRNA) and cognate targets were completely base-paired.

We utilized the luciferase reporter assay to assess
whether miR-375 could directly attach to the PRDX1T 3'-
UTR and determine whether it was effective. The PRDX1
3'-UTR harboring a wild-type or mutant docking site was
propagated into a dual-luciferase reporter plasmid. These
data indicated that forced miR-375 expression significantly
diminished the luciferase enzyme activity of wild-type
PRDXT1 3'-UTR luciferase vector, while overexpression of
miR-375 in the TE-1 and ECA-109 cells did not have any
effect on the activity of the luciferase enzyme produced by
the mutant PRDX1 3'-UTR vector (Figure 4B,4C).

To further validate PRDX1 as a direct target of miR-375,
we examined the modulatory effect of miR-375 on PRDX1
expression in ESCC cells. As illustrated in Figure 4D-4F,
aberrant miR-375 expression markedly down-regulated the
PRDX1 mRNA and protein levels in both TE-1 and ECA-
109 cells compared to the mock control. Taken together,
these findings suggest that PRDX1 is a direct target gene of
miR-375.

PRDX1 is up-regulated in ESCC tissues and corrvelates
with ESCC patient prognosis

To further verify the function of PRDX1I in ESCC, we
explored the association between the PRDX1I level and the
survival rate of individuals with esophageal adenocarcinoma
specimens in the esca-tcga-pan-can-atlas_2018. As
illustrated in Figure 5A, high levels of PRDXI in patients
were associated with a worse prognosis and poor survival
rate. Using the collected compared ESCC samples, we
established that the PRDX1 level was markedly up-regulated
in ESCC samples in contrast to the mRNA (Figure 5B) and
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Figure 2 miR-375 dampens the proliferation and infiltration of ESCC cells but triggers apoptosis. (A) The miR-375 levels in TE-1 and

ECA-109 cells after transfection with a miR-375 mimic or mimic control (mock) were monitored for 48 h using RT-qPCR. (B) Influence

of miR-375 over-expression on colony formation in TE-1 and ECA-109 cells detected by colony generation assay. The proliferation ability
of TE-1 (C) and ECA-109 (D) cells was determined by the CCK-8 assay in miR-375 or mock cell transfects. (E) Cells from the TE-1 and
ECA-109 lines were transfected with miR-375 or a mock control, and the relative amounts of Cyc/in D1 and PCNA mRNA were determined

24 h after transfection. (F) Transwell assays were used to determine the effect of miR-375 overexpression on the respective infiltration

abilities of TE-1 and ECA-109 cells. (G) At 24 hours after transfection with miR-375 or a mock control, the relative levels of E-cadberin

and N-cadberin mRNA in TE-1 and ECA-109 cells were determined. (H,I) Flow cytometry was used to detect cell apoptosis in TE-1 cells

after transfection with miR-375 or a mock control, respectively. The data are presented as the mean + SD of three independent experiments.

*P<0.05. **P<0.01. RT-qPCR, real-time quantitative polymerase chain reaction.
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protein (Figure 5C,5D) levels in neighboring non-malignant
specimens. These data demonstrate that PRDXI acts as an
oncogene in ESCC progression.

PRDX1 is a pivotal factor in the regulation of ESCC
progression by miR-375

We performed rescue experiments to verify whether PRDX1
contributes to the miR-375-mediated tumor-suppressive effect
in ESCC cells. We firstly transfected the PRDX1I expression
vector (pcDNA-PRDXT) into miR-375-overexpression
cells. As illustrated in Figure 64, pcDNA-PRDX]I vector
significantly increased the PRDX1I expression in cells, while
aberrant expression of miR-375 markedly abolished the
expression of PRDXI by pcDNA-PRDX] plasmid compared

© Journal of Gastrointestinal Oncology. All rights reserved.

to the mock control in TE-1 and ECA-109 cells.

In addition, Clonogenic assay and CCK-8 assay exhibited
that forced expression of PRDX1 partially abolished the miR-
375-mediated antitumor effect on ESCC cell proliferation
and viability (Figure 6B-6D). 'To further assess the role of the
PRDX1 on ESCC cell migration and invasion, we established
that the dampening role of miR-375 on TE-1/ECA-109
cell migration was abolished via transfection of the pcDNA-
PRDX1 plasmid (Figure 6E,6F). Moreover, the apoptosis assay
indicated that forced expression of PRDX]I into miR-375-
overexpressing TE-1/ECA-109 cells dramatically reversed
the pro-apoptotic role of miR-375 (Figure 6G,6H). Taken
together, these data illustrated that miR-375 modulates the
proliferation, migration, infiltration, and apoptosis of ESCC
cells by targeting the PRDX1 gene.
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Discussion

ESCC is a highly malignant disease with a poor 5-year-
survival rate. Although multiple investigations have
documented that miRNAs participate in several aspects
of the ESCC progression process, further investigations
are pivotal to ascertaining the underlying mechanism of
a miRNA-regulated network in ESCC cells. Herein, we
purposed to ascertain whether miR-375 is clinically relevant
to the survival rate of ESCC patients and to evaluate
the expression pattern, biological role, and modulatory
molecular mechanisms of miR-375. Through TCGA
database and Kaplan-Meier curve analysis, we found
that miR-375 confers a protective phenotype on patients
exhibiting elevated miR-375 expression and predicts longer
overall survival (OS). Furthermore, we discovered that
miR-375 levels were decreased in ESCC samples, serum,
and cell lines, showing that miR-375 exerts an anti-tumor
effect. Increased miR-375 expression drastically repressed

© Journal of Gastrointestinal Oncology. All rights reserved.

the proliferation, metastasis, and infiltration of ESCC cells
but induced their apoptosis. The xenograft experiment
illustrated that miR-375 dampened tumor growth
in vivo. Bioinformatics analysis demonstrated that miR-375
inversely modulated the PRDXI mRNA transcript, thus
acting as a tumor suppressor during ESCC development
and progression.

MiRNAs is a hot topic in the study of malignant
tumors. A large number of miRNAs have been found to
be significantly differentially expressed in cancer tissues or
serum of ESCC patients compared with healthy tissues or
serum (35). MiRNAs can act either oncogenes or tumor
suppressors in ESCC by participating in cell proliferation,
migration and apoptosis or other processes (36). It is worth
noting that many studies have found that intervening
or increasing the expression of certain miRNAs has a
significant impact on the development of ESCC (37). On
the other hand, miRNAs can also be used as potential
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markers for ESCC diagnosis and prognosis prediction
(38,39).

As an evolutionarily conserved pancreatic islet-distinct
miRNA, miR-375 was first identified as a regulator of
insulin secretion in the pancreatic islets (40). Further
research verified that miR-375, which is a multi-functional
miRNA, is involved in the development of islets, blood
sugar balance, cell proliferation, mucosal immunity,
and more significantly, tumorigenesis (41). miR-375 is
downregulated in various cancers and is implicated in the
modulation of numerous pivotal oncogenes (15,16,19),
implying that miR-375 may function as an antitumor
miRNA in cancer cells. Diminished levels of miR-375 in
the circulatory system or tissue may reflect a poor prognosis

© Journal of Gastrointestinal Oncology. All rights reserved.

in several malignant cancers, including ESCC (42).
Peroxiredoxins (PRDXs) constitute a ubiquitous family
of redox-modulating proteins with a role in modulating
reactive oxygen species (ROS) (23). Although PRDX1
was initially identified as an antioxidant enzyme, its
physiological role in the oxidation-reduction balance
during tumorigenesis is currently unknown (25). Previous
investigations have found that the PRDXT level is elevated
in ESCC tissues (25,43). Moreover, numerous studies
have documented PRDX1I overexpression in ESCC cells
compared to non-malignant esophageal epithelial cells
(44,45). A study has also shown that the elevated expression
of PRDXI can promote the development and growth of
ESCC and that down-regulated PRDX1 expression can
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reduce tumorigenesis (46). These findings illustrate that
PRDX1 may act as an oncogene in ESCC. Nonetheless, the
unambiguous role and detailed molecular mechanism of
PRDXT1 in ESCC remains enigmatic.

Tumor initiation and development are determined
by a vast and complex molecular network. Our study
does not answer the question regarding which molecular
signals affect the expression changes of miR-375 itself. In
previous studies, researchers found that single nucleotide
polymorphisms (SNPs) play an important role in the
miRNA maturation process by affecting Drosha enzyme
processing as well as Dicer enzyme processing and function
(47,48). MiRNA expression is also regulated by DNA
methylation (49). In recent years, many studies have found
that long noncoding RNAs (IncRNAs) have the role of
sponge, they can competitively adsorb miRNA, thereby
inhibiting the regulation of miRNA on target genes
(50,51). In future research, we will explore the causes and
mechanisms of miR-375 expression changes in tumors
from an epigenetic perspective and explore the feasibility of
miRNA-375 as an anti-tumor drug.

Conclusions

In this study, we discovered for the first time that miR-375
acts as a tumor suppressor by directly altering the PRDX1
target gene. Our result highlights a profound function of
the miR-375/PRDX1 signaling pathway in regulating ESCC
cell proliferation and migration and suggests that miR-375
is expected to be a new and potentially non-invasive method
for the diagnosis and treatment of ESCC.
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