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Abstract. Increasing evidence suggests that miR-25 can func-
tion as an oncogene in different types of human malignancies, 
whereas little is known concerning the role of miR-25 in 
esophageal squamous cell carcinoma (ESCC). The aim of the 
present study was to investigate the role of miR-25 in ESCC and 
to determine the molecular mechanisms underlying its func-
tion. The expression level of miR-25 was detected in primary 
ESCC tissues and cell lines by real-time quantitative PCR. 
We also assessed whether knockdown of miR-25 influences 
in vitro cell invasion and migration. Western blot analysis was 
used to detect the influence of miR-25 on a target gene, and 
Pearson analysis was used to calculate the correlation between 
the expression of a target gene and miR-25 in ESCC tissues. 
The results revealed that the relative level of miR-25 expression 
was significantly upregulated in ESCC tissues and cell lines. 
Expression of miR-25 in ESCC tissues was positively associ-
ated with depth of tumor invasion and tumor stage. Moreover, 
high miR-25 expression conferred poorer overall survival 
(OS), and a multivariate analysis revealed that miR-25 was 
an independent risk factor for OS. In addition, knockdown of 
miR-25 in ESCC cells significantly suppressed cell migration 
and invasion. Furthermore, we identified F-box and WD repeat 
domain-containing 7 (FBXW7) protein as a direct functional 
target of miR-25 in ESCC. In conclusion, the present study 
supports the potential of miR-25 as a prognostic predictor with 
its high expression in cancer tissues and its association with 
tumor progression by targeting FBXW7 in ESCC.

Introduction

Esophageal cancer is a highly lethal malignancy. As the 
main type of esophageal cancer, esophageal squamous cell 
carcinoma (ESCC) accounts for ~90% of all esophageal 
cancer cases (1,2). However, patients with ESCC are usually 
diagnosed at advanced stages (3). Recently, advances in the 
application of combined chemotherapy and radiotherapy, 
alone or as an adjunct regimen to surgery, have improved the 
prognosis of ESCC patients (4). Cumulative evidence suggests 
that a number of oncogenic and tumor-suppressive genes are 
associated with the initiation and progression of ESCC (3). 
Yet, the molecular mechanisms underlying the deregula-
tion of the cellular phenotype in ESCC have not been fully 
clarified. Elucidation of the genetic alterations and underlying 
molecular pathways involved in ESCC may facilitate the 
identification of novel targets, as well as improve disease 
diagnosis and therapy.

MicroRNAs (miRNAs), a kind of endogenous RNA gene 
products consisting of 18-25 nucleotides, have been identified 
as important regulators of human malignancies (5). Recently, 
using detection techniques such as RNA sequencing and 
microarray, there are various findings that have illustrated the 
expression profile of miRNAs in ESCC. Moreover, research 
concerning miRNAs and their target genes and the molecular 
mechanisms involved in the carcinogenesis of ESCC suggests 
the enormous therapeutic-clinical potential of miRNAs (6). 
miR-25 is one of the oncogenes has been reported to be upreg-
ulated in several cancers such as hepatocellular carcinoma (7), 
lung (8), prostate (9) and gastric cancer (10). In addition, 
plasma miRNA profiles have revealed miR-25 as a novel diag-
nostic and monitoring biomarker in ESCC (11). Desmocollin 2 
(DSC2), a desmosomal cadherin protein which promotes 
cell aggressiveness by redistributing adherens junctions and 
activating β-catenin signaling in ESCC, has been identified as 
a downstream target of miR-25 (12). However, the expression 
profile of miR-25 in ESCC tissues, its specific role and target 
in ESCC, have been scarcely studied. It has been previously 
reported that the F-box and WD repeat domain-containing 7 
(FBXW7) protein is a target of miR-25 in multiple human 
malignancies (13-15), and it has been confirmed that FBXW7, 
a tumor-suppressor, is frequently inactivated or deleted in 
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ESCC (16). However, whether miR-25 targets FBXW7 in 
ESCC, thus implicated in cancer development, remains 
unknown.

in the present study, we clarified the clinical significance 
of miR-25 expression in 75 pairs of tumor tissues from ESCC 
patients. miR-25 expression in tissues was detected using 
quantitative reverse transcription-polymerase chain reaction 
(qRT-PCR). In addition, we investigated the potential relation-
ship between miR-25 levels and clinicopathological factors 
and overall survival (OS) of ESCC. We also aimed to ascertain 
whether miR-25 influences the malignant behaviors of ESCC 
cells by in vitro experiments. Finally, we determined whether 
miR-25 targets FBXW7 protein in ESCC.

Materials and methods

Clinical sample collection. We retrospectively enrolled 
75 patients (aged 34-82 years; mean, 60.85±10.79 years) 
diagnosed with primary ESCC who underwent surgical treat-
ment, without preoperative local or systemic treatment, at the 
Affiliated hospital of Jiangsu university, between May 2007 
and May 2010. All resected ESCC tissues and corresponding 
non-cancerous tissues were immediately frozen and stored 
in liquid nitrogen until use. Medical records were used to 
ascertain the patient medical histories, including age, sex, 
recurrence and pathological information such as tumor size, 
differentiation, lymph node metastasis, vascular and neural 
invasion, and tumor-node-metastasis (TNM) stage. The char-
acteristics of all patients are listed in Table I. The present study 
was approved by the Clinical Research Ethics Committee of 
the Affiliated hospital of Jiangsu university, and informed 
consent was obtained from all patients and controls.

Quantitative real-time polymerase chain reaction (qRT-PCR). 
Total RNA was extracted from tissues and cells using TRIzol® 
reagent (Invitrogen, Carlsbad, CA, uSA). The reverse tran-
scription (RT) reaction was carried out using the TaqMan 
MicroRNA Reverse Transcription kit (Applied Biosystems, 
Foster City, CA, uSA). RT reaction was processed at 16̊C for 
30 min, 42̊C for 30 min, and 85̊C for 5 min. Gene expression 
levels were quantified using the ABi 7900 Real-Time PCR 
system (Applied Biosystems) at 95̊C for 10 min, followed by 
40 cycles of 95̊C for 15 sec, and 60̊C for 60 sec. The rela-
tive levels of miR-25 expression were calculated from the 
relevant signals by normalization with the signal of RNu6B 
expression. PCR reactions of each sample were conducted in 
triplicate. The 2-ΔΔCt method was used to quantify the relative 
levels of gene expression.

Cell lines and transfection. The human esophageal epithelial 
cell line (SHEE) and malignant esophageal carcinoma cell 
lines (KYSE150 and KYSE450) were purchased from the Cell 
Bank of Central South university. All cells were cultured in 
RPMI-1640 medium (Invitrogen) supplemented with 10% 
FBS (Gibco, Carlsbad, CA, uSA), 100 u/ml penicillin and 
100 mg/ml streptomycin (invitrogen). Cells were incubated at 
37̊C and supplemented with 5% CO2 in a humidified chamber.

Reagents and cell transfection. Lipofectamine 3000 transfec-
tion reagent (Invitrogen) was used. The miR-25 and FBXW7 

inhibitor and negative control were purchased from Invitrogen 
(Shanghai, China). Cells were seeded in 96- or 6-well plates 
24 h before the experiment. For luciferase reporter assay, the 
3'-untranslated region (3'uTR) of FBXW7 which contains 
putative binding sites of miR-25 was amplified by PCR and 
subcloned into the psiCHECK-2 vector within XhoI and NotI 
restriction sites (Promega, Madison, WI, uSA) as previously 
described (13).

Cell migration and invasion assays. Cell migration and inva-
sion assays were carried out using Transwell assay. In brief, 
transfected cells were harvested, suspended (4×104/well) in 
500 µl serum-free medium and then loaded onto the upper 
compartment of the chamber, and 500 µl of complete medium 
was added to the lower compartment. For the invasion assay, 
inserts containing 8-µm pore filters were coated with Matrigel 
(BD Biosciences, Franklin Lakes, NJ, uSA). After a 24-h 
incubation, cells were fixed with methanol at 4̊C for 0.5 h. 
Non-invaded cells were removed from the upper surface of 
the filter carefully with a cotton swab. invaded cells on the 
lower side of the filter were stained using Giemsa for 2 h at 
room temperature and counted from 10 random fields under a 
microscope at a magnification of ×200.

Luciferase reporter assay. For luciferase reporter assay, 
KYSE150 and KYSE450 cells were grown in 24-well plates 
and co-transfected with the miR-25 inhibitor or control 
(NC-inhibitor) and the full length 3'uTR of FBXW7. After 
transfection for 48 h, the cells were collected and the relative 
luciferase activity was measured using the Dual-Luciferase 
Reporter Assay System (Promega). The experiment was inde-
pendently repeated three times.

Statistical analysis. Each experiment was performed in tripli-
cate. All statistical analyses were performed using SPSS 20.0 
statistical software (SPSS, inc., Chicago, iL, uSA). Differences 
between groups were evaluated by the Student's t-test for 
continuous variables and χ2 test for categorical variables. For 
OS mortality, only patients who specifically died from ESCC, 
and not as the result of a different disease, were included. The 
associations between miR-25 expression and prognosis of 
patients were analyzed using the Kaplan-Meier method, and 
differences in survival were estimated using the log-rank test. 
Prognostic factors were examined by univariate and multi-
variate analyses (Cox proportional hazards regression model). 
P-value <0.05 was considered statistically significant.

Results

Overexpression of miR-25 in human ESCC tissues. We 
detected the expression of miR-25 in tumors and corre-
sponding adjacent normal tissues using qRT-PCR assay. As 
shown in Fig. 1A, the expression of miR-25 in ESCC tissues 
was upregulated in comparison with that in the adjacent 
normal tissues. Moreover, miR-25 expression levels were 
further analyzed in cancer tissue samples with different 
tumor depth and TNM stage. As shown in Fig. 1B and C, the 
expression of miR-25 was obviously higher in patients with 
deeper tumor invasion (T2-3, P=0.029) and higher TNM stage 
(stage III-IV, P=0.045).
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Correlations between miR-25 expression and clinicopatho-
logic features of ESCC patients. To further investigate the 
correlation between miR-25 expression and clinicopathologic 
features, using the median value of miR-25 expression level 
in all ESCC tissues as the cut-off value, all 75 patients were 
divided into a low-miR-25 expression group (n=38) and a 
high-miR-25 expression group (n=37). As shown in Table I, 
high miR-25 expression was closely related to depth of tumor 
invasion (P=0.032) and TNM stage (P=0.036). However, no 
relationship was found between miR-25 and other clinico-
pathologic features including age, sex, tumor size, lymph node 
metastasis, vascular and neural invasion, or tumor differentia-
tion (all P>0.05).

Correlation of miR-25 expression and survival of ESCC 
patients. To further investigate the correlation of miR-25 
expression with the survival of ESCC patients, Kaplan-Meier 
curve with long-rank analysis were performed. As shown in 
Fig. 1D, the OS rates in the high and low miR-25 expression 
group were 35.1 and 68.4%, respectively (P<0.001). univariate 
analysis of OS revealed that depth of tumor invasion (P=0.016), 
lymph node metastasis (P=0.003), neural invasion (P=0.024), 
TNM stage (P=0.001) and miR-25 expression (P=0.002) were 
all factors associated with prognosis. Further multivariate anal-

ysis results showed that in addition to TNM stage (hR, 3.530; 
95% Ci, 1.213-5.270; P=0.004), miR-25 expression was also an 
independent predictor of OS (hR, 2.528; 95% Ci, 1.513-8.241; 
P=0.013) for ESCC patients (Table II).

The prognostic value of miR-25 expression in patient 
subgroups classified by depth of tumor invasion and stage was 
also evaluated. high miR-25 expression was found signifi-
cantly correlated with worse survival in patients with deeper 
tumor depth (T2-3) (hR, 2.436; 95% Ci, 1.222-4.787; P=0.013; 
Fig. 2B) and advanced TNM stage (stage iii-iV; hR, 5.777; 
95% Ci, 1.457-36.710; P=0.017; Fig. 2D).

Knockdown of miR-25 suppresses ESCC cell migration and 
invasion. As shown in Fig. 3A, expression levels of miR-25 
were investigated in six human ESCC cell lines and human 
esophageal epithelial cell line (SHEE), and miR-25 was found 
to be significantly upregulated in ESCC cells as compared 
with that in the normal human esophageal epithelial cell 
line (P<0.05). To explore the functions of miR-25 in ESCC 
cell lines, we knocked down miR-25 by transfecting human 
ESCC cell lines KYSE150 and KYSE450 with the miR-25 
inhibitor (Fig. 3B).

To investigate whether the decreased expression of miR-25 
affects the migration and invasion of ESCC cells, we examined 

Table I. The relationship between miR-25 expression and clinicopathological parameters.

Characteristics Total (n=75) Low expression High expression P-value

Age (years)  62.73±9.70 60.85±10.79 0.219
Sex    0.817
  Male 60 30 30
  Female 15 7 8
Differentiation    0.176
  Well 18 6 12
  Moderate, poor 57 31 26
Tumor size (cm)    0.491
  ≤4.0 39 21 18
  >4.0 36 16 20
Depth of tumor invasion    0.032a

  T1 18 13 5
  T2/3 57 24 33
Lymph node metastasis    0.338
  Absent 26 15 11
  Present 49 22 27
Vascular invasion    0.211
  Absent 36 20 16
  Present 39 17 22
Neural invasion    0.357
  Absent 34 19 15
  Present 41 18 23
TNM stage    0.036a

  I+II 33 20 13
  III 42 1 25

Moderate, moderately differentiated; poor, poorly differentiated; well, well differentiated; TNM, tumor-node-metastasis. aP<0.05.
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Table II. univariate and multivariate analyses of different prognostic factors for OS in 75 patients with ESCC.

 univariate analysis Multivariate analysis
 ----------------------------------------------------------------------------------- --------------------------------------------------------------------------------
Prognostic factors HR 95% CI P-value HR 95% CI P-value

Age (years)
  >60/≤60 0.987 0.958-1.017 0.383
Sex
  Male/female 1.133 0.516-2.488 0.756
Tumor size
  ≤4/>4 cm 1.374 1.712-2.649 0.343
Depth of tumor invasion
  T1/T2+T3 4.304 1.318-14.056 0.016a

Differentiation
  Poor/well + moderate 1.404 0.690-2.856 0.349
Lymph node metastasis
  Presence/absence 3.749 1.554-9.042 0.003a

Vascular invasion
  Presence/absence 1.595 0.815 -3.121 0.173
Neural invasion
  Presence/absence 2.270 1.112-4.635 0.024a

TNM stage
  i+ii/iii 4.232 1.841-9.731 0.001a 3.530 1.213-5.270 0.004a

miR-25 expression
  high/low 3.158 1.539-6.480 0.002a 2.528 1.513-8.241 0.013a

OS, overall survival; ESCC, esophageal squamous cell carcinoma TNM, tumor-node-metastasis staging system; hR, hazard ratio; Ci, confi-
dence interval. aP<0.05.

Figure 1. miR-25 is highly expressed and predicts poor prognosis in ESCC. (A) qRT-PCR was performed to detect the relative miR-25 expression in 75 pairs of 
ESCC and corresponding non-cancerous tissues. RNu6B was used as an internal control. (B and C) miR-25 levels categorized according to (B) tumor depth 
(C) and TNM stage. (D) Kaplan-Meier survival curve and log-rank test indicated that patients with high miR-25 expression had a significantly worse prognosis 
than patients with low miR-25 expression.
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the migration rate of the miR-25 inhibitor-transfected KYSE150 
and KYSE450 cells by Transwell assay. Our results revealed 
that both cell lines had a marked decrease in cell migration 
compared with their control counterparts (Fig. 3C). We also 
examined the ability of the miR-25-inhibitor-transfected cells 
to invade the Matrigel matrix using the Boyden chamber assay. 
We found that knockdown of miR-25 significantly reduced 
both KYSE150 and KYSE450 cell invasion compared with 
the control group (Fig. 3C). These data suggest that miR-25 
upregulation may be an important event in the metastasis of 
ESCC cells.

Knockdown of miR-25 upregulates the expression of FBXW7 
in ESCC cells. The TargetScan database identified the putative 
target site of miR-25 in the 3'uTR of FBXW7 (Fig. 4A left). To 
investigate whether miR-25 is implicated in human ESCC by 
targeting FBXW7, we cloned the full length 3'uTR of FBXW7 
into luciferase reporter vectors and conducted luciferase 
activity assay. Our results showed that luciferase activity was 
significantly increased by the transfection of miR-25 inhibitor 
in KYSE150 and KYSE450 cells (Fig. 4A right; P<0.01).

We also detected the expression level of FBXW7 in human 
ESCC cells transfected with the miR-25 inhibitor or negative 
control using western blot analysis. Our results showed that 
miR-25 knockdown led to marked increases in FBXW7 protein 
expression in the KYSE150 and KYSE450 cells (Fig. 4B). We 
further analyzed the expression of FBXW7 protein in ESCC 
patient tissues by western blotting. As shown in Fig. 4C, 

FBXW7 was significantly decreased in our ESCC tissues 
when compared with that in the normal tissues (P=0.004). 
Moreover, by Pearson correlation analysis, we found that the 
expression level of miR-25 was negatively correlated with 
FBXW7 (r=-0.371; P=0.034) protein levels (Fig. 4C).

FBXW7-knockdown partially rescues the effect of downregu-
lated miR-25 in ESCC cells. Finally, we conducted in vitro 
experiments to investigate whether FBXW7 functions in a 
miR-25-mediated manner in ESCC. Transwell assays showed 
that FBXW7-knockdown partially rescued the effects of 
the downregulation of miR-25 on ESCC cell migration and 
invasion compared with these parameters observed in the 
controls (Fig. 5). Our results indicated that miR-25 modulates 
ESCC cell migration and invasion in a FBXW7-mediated 
manner.

Discussion

Esophageal squamous cell carcinoma (ESCC) is one of the 
most common malignant tumors, with an overall 5-year 
survival rate of only ~10-20% in the Chinese population (17). 
In recent years, a large number of miRNAs have been detected 
to be dysregulated in ESCC and play important roles in 
ESCC (6,18,19).

The present study demonstrated that the expression of 
miR-25 was significantly overexpressed in human ESCC 
tissues. It also showed for the first time that miR-25 was 

Figure 2. Prognostic value of miR-25 in ESCC patients according to tumor depth and TNM stage. (A) There was no significant differences in the OS between 
low and high miR-25 expression ESCC patients with shallow tumor depth (T1). (B) The OS of ESCC patients with deeper tumor depth (T2-3) in the high 
miR-25 expression group was significantly worse than that of those patients in the low miR-25 expression group. (C) There was no significant differences in 
the OS between low and high miR-25 expression patients with early tumor stage (stage i). (D) high miR-25 expression was significantly correlated with worse 
survival in patients with advanced tumor stage (stage II-III).
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obviously increased in patients with deeper tumor inva-
sion (T2-3) and higher TNM stage (stage III and IV), which 
indicates that miR-25 may act as an oncogene in ESCC. 
In vitro functional experiments demonstrated that miR-25 was 
associated with ESCC cell migration and invasion. Further 
experiments identified that FBXW7 is a direct target gene 
of miR-25. In addition, the expression level of miR-25 was 
negatively correlated with FBXW7 protein levels, indicated 
that FBXW7 may act as a downstream regulator of miR-25 
in ESCC. In brief, the present study showed that miR-25 may 
play an important role in the carcinogenesis and development 
of human ESCC.

miR-25, a member of the miR-25-93-106 family, is 
located at human 7q22.1. It has been reported to be over-
expressed in a variety of human malignancies, such as 

hepatocellular carcinoma (7), lung (8), prostate (9) and gastric 
cancer (10), and is therefore considered to be an oncogene. 
Komatsu et al (11) investigated miR-25 expression in ESCC 
tissues and patient plasma and found that the relative expres-
sion of miR-25 was significantly higher in ESCC tissues and 
cell lines than in normal tissues and fibroblasts. in addition, 
the level of plasma miR-25 in ESCC patients was significantly 
reduced in postoperative samples than in preoperative samples 
and was significantly increased during tumor recurrences. 
Meanwhile, serum miR-25 was found to be an independent 
risk factor for OS in ESCC (20). All these results indicate 
that miR-25 is a valuable biomarker for reflecting the tumor 
dynamics of ESCC. However, to date, the molecular mecha-
nism underlying the oncogenic functions of miR-25 in ESCC 
remain elusive.

Figure 3. miR-25 promotes tumor cell migration and invasion in ESCC cells. (A) Representative qRT-PCR results of miR-25 in two ESCC cell lines (KYSE150 
and KYSE450) and one normal human esophageal epithelial cell line SHEE (*P<0.05). (B) Expression of miR-25 in KYSE150 and KYSE450 cells transfected 
with miR-25 inhibitor and negative control as detected by RT-qPCR. (C) Representative images (top panels) and quantification (bottom graphs) of Transwell 
migration and invasion assays for KYSE150 and KYSE450 cells (scale bars, 50 µm); *P<0.01.RETRACTED
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Figure 4. miR-25 regulates the expression of FBXW7 in ESCC. (A) Human miR-25 targets FBXW7 and their binding site as predicted by the miRNA.org 
(www.microrna.org) program. The 3'uTR of FBXW7 is directly targeted by miR-25 (left). A luciferase reporter assay of the vector encoding full-length 
3'uTR of FBXW7 mRNA (right). The Renilla luciferase values were normalized by firefly luciferase values (*P<0.01). (B) Western blot analysis of FBXW7 
in KYSE150 and KYSE450 cells transfected with the miR-25 inhibitor or negative control. GAPDh was used as a loading control. (C) Western blot analysis 
(left) and quantification (middle) of the expression of FBXW7 in human ESCC tissues. The protein levels were detected by western blotting. Differences 
between two groups were analyzed using Student's t-test. The correlation between miR-25 level and FBXW7 protein level was determined in ESCC tissues 
using Pearson correlation analysis (right). miR-25 was detected by qRT-PCR, FBXW7 was detected by western blotting.

Figure 5. FBXW7-knockdown partially rescues the effect of the downregulation of miR-25 in ESCC cells. Representative images (left) and quantifica-
tion (right) of Transwell migration and invasion assays for KYSE150 and KYSE450 cells (scale bars, 50 µm); *P<0.01.
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As the substrate recognition component of an evolution-
arily conserved SCF (complex of SKP1, CuL1 and F-box 
protein)-type ubiquitin ligase complex, FBXW7 coordinates 
the ubiquitin-dependent proteolysis of several critical cellular 
regulators, thereby controlling essential processes, such as 
cell cycle, differentiation and apoptosis (21). Accumulating 
research indicates that FBXW7 is a vital regulator that contrib-
utes to human tumorigenesis, as FBXW7 regulates the stability 
of multiple oncoprotein substrates, including cyclin E, c-Myc, 
Notch, c-Jun, mammalian target of rapamycin and MCL1, 
thus contributing to the carcinogenesis and development of 
cancer (22-26). In addition, FBXW7 is a p53-dependent tumor 
suppressor and its activation by p53 results in ubiquitination-
mediated suppression of several oncoproteins (27). In the 
present study, FBXW7 protein expression was significantly 
reduced in ESCC tissues, and thus FBXW7 may be a tumor 
suppressor in ESCC.

FBXW7 has been shown to be a target of cancer-related 
miRNAs in ESCC. Kurashige et al found that miR-223 
is an miRNA significantly upregulated in ESCC tissues, 
and its overexpression confers a poor prognosis. Moreover, 
miR-223 may downregulate cell cycle regulators c-Myc 
and c-Jun proteins by targeted FBXW7 (28). Meanwhile, 
previous studies also illustrated that miR-25 exhibits its 
oncogenic role in different cancers via targeting different 
proteins, such as LATS2 in gastric cancer (29), and CDC42 
and BTG2 in NSCLC (9,30,31). It is well known that one 
miRNA can exhibit its function in a specific tumor by target 
multiple genes, and one protein-coding gene can be targeted 
by multiple miRNAs in a specific tumor; it is not the one 
miRNA-one mRNA relationship (32). Although whether or 
not miR-25 regulates FBXW7 expression in ESCC has not 
been reported, several studies have identified FBXW7 as a 
target gene of miR-25. miR-25 can promote cell prolifera-
tion by repressing FBXW7 expression in non-small cell lung 
and gastric cancer, and prostatic small cell neuroendocrine 
carcinoma (13-15). In the present study, by luciferase reporter 
analysis, miR-25 was able to bind to the 3'uTR of FBXW7 
in ESCC cells. Moreover, knockdown of miR-25 upregulated 
FBXW7 protein expression. In addition, our western blot 
analysis results showed a significant increase in FBXW7 
protein in the ESCC KYSE150 and KYSE450 cells trans-
fected with the miR-25 inhibitor. These results provide solid 
evidence that one miRNA can be involved in specific malig-
nancies by targeting different genes.

In conclusion, our results showed that the expression level 
of miR-25 was significantly upregulated in ESCC tissues, 
and high miR-25 expression was associated with tumor depth 
and TNM stage. In addition, upregulation of miR-25 was an 
unfavorable prognostic factor for OS of ESCC. These findings 
suggest that miR-25 may be a novel prognostic indicator in 
ESCC, particularly for patients with deeper tumor invasion 
and advanced TNM stage, and a potential target for diagnosis 
and gene therapy. Furthermore, miR-25 downregulated the 
expression of ESCC-related tumor-suppressor FBXW7, and 
knockdown of miR-25 inhibited ESCC migration and inva-
sion. Our results showed that understanding the complex 
regulation of miR-25 with regard to its target gene expression 
in ESCC may be valuable for exploring potential therapeutic 
methods for ESCC, and gene therapy targeting miR-25 should 

be further investigated as a potential alternative strategy for 
ESCC therapy.
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