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Background: The function of long non-coding RNA small nucleolar RNA host gene 14 
(SNHG14) in endometrial carcinoma (EC) has not been thoroughly reported. This research is 
designed to research the action mechanism of SNHG14 in EC development.
Methods: The expression of SNHG14 was estimated in The Cancer Genome Atlas and 
was verified by qRT-PCR in EC tissues. The correlation between SNHG14 expression and 
clinicopathological features of EC patients was analyzed. Cell viability, wound healing 
rate, and relative invasion rate were examined by MTT, wound healing, and transwell 
assay. StarBase, TargetScan, RNA pull-down, and dual luciferase reporter gene (DLR) 
assay were conducted to analyze the relationship among SNHG14, miR-93-5p and 
ZBTB7A.
Results: SNHG14 was underexpressed in EC. SNHG14 expression was significantly rele-
vant to menstruation, FIGO stage, histological grade and lymphatic metastasis of EC 
patients. SNHG14 overexpression hampered viability, migration and invasion of EC cells. 
SNHG14 functioned as a sponge for miR-93-5p, and miR-93-5p inhibition restrained cell 
viability, migration and invasion in EC. In addition, miR-93-5p directly targeted to ZBTB7A, 
which was underexpressed in EC. The suppressive action of SNHG14 overexpression on the 
viability, migration and invasion of EC cells was partly rescued by miR-93-5p overexpres-
sion or ZBTB7A silencing.
Conclusion: LncRNA SNHG14 hampered the viability, migration and invasion of EC cells 
via modulating miR-93-5p/ZBTB7A axis.
Keywords: endometrial carcinoma, invasion, SNHG14, migration, miR-93-5p, ZBTB7A

Introduction
Endometrial carcinoma (EC) is the most common reproductive tract malignancy 
in women, with an increased incidence in younger women.1 The 5-year survival 
rate is 90% for EC patients in different stages, and less than 20% for advanced 
EC patients with distant metastasis. The primary treatment of EC is surgery, 
especially lymphadenectomy, whereas with unsatisfactory effectiveness.2 

Immunotherapy basically consists in stimulating the endogenous immune 
response specifically against tumor cells and seems the new frontier of the 
anticancer treatment.3 Recent reportable data have shown that immune check-
point inhibitors are potentially promising in the treatment of EC.4 The 
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identification of genetic alterations that have a major 
role in tumorigenesis is leading to the development of 
new therapeutic options for immunotherapy. 
Understanding EC at the molecular level and selecting 
remarkable EC-related biomarkers play important roles 
in the diagnosis and treatment of EC, and finally 
improve the survival and cure rate of EC patients.5

Many long non-coding RNAs (lncRNAs), such as 
small nucleolar RNA host gene 12 (ASLNC04080),6 

H19,7 and maternally expressed gene 3 (MEG3),8 have 
been used as therapeutic biomarkers for EC. LncRNA 
CCAT2 is found to be overexpressed in EC tissues, and 
CCAT2 silencing hampers the growth and metastasis of 
EC cells via targeting miR-216b.9 Overexpression of 
MEG3 restrains the proliferation, invasion and metasta-
sis, while enhances apoptosis of EC cells through inac-
tivating phosphoinositide 3-kinase (PI3K)/m-TOR 
pathway.8 LncRNA small nucleolar RNA host gene 14 
(SNHG14) has been well researched in many human 
cancer types, either acts as oncogene or tumor suppres-
sor gene in tumorigenesis of cancers. For instance, 
SNHG14 promotes the tumorigenesis of patients with 
breast cancer (BC), and shows potentials as diagnostic 
and therapeutic target for BC.10 Besides, SNHG14 upre-
gulation contributes to the development of gastric cancer 
via regulating miR-145/SOX9 axis.11 Conversely, 
SNHG14 exhibits an anti-cancer function in glioma via 
sponging miR-92a-3p.12 However, the role of SNHG14 
in EC has not been thoroughly reported.

MicroRNAs (miRNAs) are identified to exert critical 
functions in diverse biological processes involved in can-
cer progression.13,14 MiR-93-5p is characterized to play 
oncogenic effect in diverse types of cancer.15 For instance, 
miR-93-5p contributes to the tumorigenesis of gastric can-
cer via blocking the Hippo signaling pathway.16 

Additionally, miR-93-5p acts as an important oncogene 
in non-small cell lung cancer (NSCLC) via targeting 
PTEN and RB1.17 Recently, lncRNAs could compete 
with endogenous RNAs (ceRNAs) and sponge miRNAs 
to regulate the expression of target mRNAs involved in 
a variety of human cancers.18,19 LncRNA LINC00472 
hampers the progression of hepatocellular carcinoma via 
modulating miR-93-5p/PDCD4 pathway.20 LncRNA H19 
serves as an oncogenic function in breast cancer by spong-
ing miR-93-5p to regulating STAT3.21 Nevertheless, the 
action mechanisms between SNHG14 and miR-93-5p in 
EC remain elusive.

In this research, we proposed to investigate the 
mechanism of SNHG14 involved in EC development. 
Thus, we measured SNHG14 expression in EC tissues 
and cells, then detected the action of SNHG14 on the 
progression of EC. Besides, we investigated the correla-
tion among SNHG14, miR-93-5p and Zinc finger and BTB 
domain containing 7A (ZBTB7A). Our findings demon-
strated that SNHG14 might function as a promising ther-
apeutic target for EC.

Methods
Patient Tissue Samples
Fifty-three paired EC tissues and adjacent normal tissues 
were collected from EC patients via surgical resection at 
our hospital from 2017 March to 2018 July. EC tissues 
were histopathologically confirmed. No patient had 
received preoperative chemotherapy or radiotherapy 
before tissue collection. Written informed consents were 
acquired from each patient. This research was permitted 
by the Ethics Committee of Weifang Yidu Central 
Hospital.

Cell Culture and Transfection
Human embryonic stem cell (ESC) and EC cell lines (HEC1- 
A, HEC1-B, AN3CA, Ishikawa) were purchased from the 
American Type Culture Collection (ATCC; Manassas, VA, 
USA). ESC cells were maintained in Gibco Essential 8 med-
ium (Thermo Fisher Scientific, Rockford, IL, USA) without 
fetal bovine serum (FBS). EC cell lines were incubated in 
Dulbecco’s Modified Eagle Medium (DMEM) containing 
10% FBS. All cells were cultured in a humidified 37°C incu-
bator with 5% CO2.

pcDNA-SNHG14 and corresponding control 
(pcDNA3.1-NC) were constructed in our laboratory. 
miR-93-5p mimics, miR-93-5p inhibitor, negative con-
trol (miR-NC) and si-ZBTB7A were purchased from 
GenePharma (Shanghai, China). AN3CA and Ishikawa 
cells were transfected with the above oligonucleotides or 
plasmids using Lipofectamine 3000 (L3000015, Thermo 
Fisher Scientific). After transfected for 48h, the cells 
were harvested for the follow-up assays.

MTT Assay
AN3CA and Ishikawa cells were planted into 96-well plates, 
and cultured with 20 μL MTT (0.5mg/mL) at 24, 48, 
72 h. Then, the precipitated formazan was dissolved in 150 
µL of dimethyl sulfoxide (DMSO). The OD values at 450 nm 
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(A450) were assessed using a microplate reader (Bio-Rad, 
CA, USA).

Wound Healing Assay
AN3CA and Ishikawa cells were seeded in 12-well plates. 
When cells reached almost 100% confluence, an artificial 
scratch was created using pipette tip. Then the cells were 
cultured for 24 h. Finally, photomicrographs of the scratch 
wounds were captured. The wound healing rate was exam-
ined using Image J software.

Transwell Assay
AN3CA and Ishikawa cells were plated in the top chamber 
coated with 100 μL of Matrigel Matrix. A total of 900 μL 
of Eagle medium supplemented with 10% FBS was added 
to the bottom chamber. After incubated for 12 h, the 
invasive cells were fixed with 4% paraformaldehyde for 
10 min and stained with 0.1% crystal violet for 15 min. 

Positive stained cells at 6 random fields were pictured 
under a microscope (Olympus Ckx53).

qRT-PCR
TRIzolTM Plus RNA Isolation Reagents (Invitrogen, 
Carlsbad, CA, USA) was utilized to extract total RNA 
from tissues and cells. RNA reverse transcription was 
performed using reverse transcription kit (Takara, Otsu, 
Japan). qRT-PCR was carried out using SYBR Premix 
Ex Taq (Takara) on ABI 7500HT Fast Real-Time PCR 
System (Applied Biosystems, CA, USA). The amplifica-
tion program was as follows: 95°C for 3 min, 40 cycles of 
95°C for 15 s, 60°C for 30 s and 72°C for 20 s. 2−ΔΔCt 

method was utilized to calculate the mRNA expression 
level. The primer sequences were as follows: SNHG14, 
forward: 5ʹ-AAGGTGGGGTAAGCACACTG-3ʹ and 
reverse: 5ʹ-CCGAACAAGTGTCCAGGAAT-3ʹ; miR-93- 
5p, forward: 5ʹ-TCTACAGTGCACGTGTCTCCAG-3ʹ, 
reverse: 5ʹ-ACCTGCGTAGGTAGTTTCATGT-3ʹ; ZB 

Figure 1 LncRNA SNHG14 was underexpressed in endometrial carcinoma (EC) tissues and cells. (A) Relative expression of SNHG14 in The Cancer Genome Atlas 
(TCGA) (http://gepia.cancer-pku.cn/index.html). *P < 0.05 vs Normal. (B) qRT-PCR was used to examine the relative expression of SNHG14 in EC tissues (Tumor) (n = 53) 
and adjacent tissues (n = 53). **P < 0.01 vs Adjacent tissue. (C) Kaplan-Meier curve was employed to analyze the correlation between the expression of SNHG14 and 
overall survival of EC patients. (D) qRT-PCR was used to assess the relative expression of SNHG14 in EC cell lines. **P < 0.01 vs ESC.
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TB7A, forward: 5ʹ-ATCTGCGAGAAGGTCATCCA-3ʹ, 
reverse: 5ʹ-CAGCAGCTGTCGCACTGGTA-3ʹ; GAPDH: 
forward: 5ʹ-GACGGCCGCATCTTCTTGT-3ʹ and reverse: 
5ʹ-CACACCGACCTTCACCATTTT-3ʹ; U6, forward:5ʹ- 
GCTTCGGCAGCACATATACTAAAAT-3ʹ and reverse: 
5ʹ-CGCTTCACGAATTTG CGTGTCAT −3ʹ.

Dual Luciferase Reporter (DLR) Gene 
Assay
According to the predication of StarBase or TargetScan, 
constructs of the 3ʹ-UTR region fragments of SNHG14 
and ZBTB7A interacting with miR-93-5p in pGL3 promo-
ter vectors (Promega, Madison, WI) were generated. Then 
the recombinant constructs were co-transfected with miR- 
93-5p mimics or mimics NC into Ishikawa or AN3CA 
cells with Lipofectamine 3000. At 48 h post-transfection, 
the luciferase activity was measured by luciferase reporter 
assay system (YPHBIO, Beijing, China).

RNA Pull-Down Assay
Biotin RNA Labeling Mix (Roche, Basel, Switzerland) 
and T7/SP6 RNA Polymerase (Roche) were utilized to 
perform RNA pull-down test. Briefly, miR-93-5p WT, 
miR-93-5p MUT and miR-NC (GenePharma) were bio-
tinylated to be Bio-miR-93-5p WT, Bio-miR-93-5-MUT 
and Bio-NC, then were transfected into AN3CA or 
Ishikawa cells. After cultured for 48 h, cells were 
lysed with lysis buffer. The mixture of biotinylated 
RNA and cell lysates (AN3CA and Ishikawa) was incu-
bated with streptavidin agarose beads (Invitrogen) at 
37°C for 1 h. After washing, the biotinylated RNAs 
were assessed by qRT-PCR.

Western Blot
Total proteins were isolated using RIPA lysis buffer 
(Elabscience, Wuhan, China). The total protein content 
was quantified with BCA Protein Assay Kit (Thermo 
Fisher Scientific). Then, protein samples were separated 
in 10% SDS-PAGE, and transferred to a polyvinylidene 
fluoride (PVDF) membrane. After blocking in 5% non-fat 
milk at 37°C for 45 min, the membrane was incubated 
with primary antibodies (GAPDH, 1:5000, sc-32233, 
Santa Cruz Biotechnology, Santa Cruz, CA, USA; 
ZBTB7A, 1:2000, ab175918, Abcam, Cambridge, MA, 
USA) at 4°C overnight. Then, the membrane was washed 
with Tris-buffered saline (TBST), and incubated with cor-
responding secondary antibodies (1:2000, sc-516102, 

Santa Cruz Biotechnology) for 2 h. The protein bands 
were visualized using enhanced chemiluminescence 
reagent (Santa Cruz Biotechnology). The GAPDH level 
served as an internal control.

Statistical Analysis
Data were expressed as the mean ± standard deviation 
(SD) from at least three independent experiments. The 
consequences were analyzed using SPSS 22.0 statistical 
software (SPSS Inc., Chicago, IL) and GraphPad Prism 
7.0. Difference. The differences in data between two 
groups were analyzed by Student’s t-test. The One-way 
ANOVA test followed by Tukey’s post hoc test was uti-
lized to analyze more than two groups. Differences were 
considered statistically significant at P < 0.05.

Results
LncRNA SNHG14 Was Underexpressed 
in EC
To research the role of SNHG14 in EC, we firstly evalu-
ated SNHG14 expression in The Cancer Genome Atlas 

Table 1 Correlation Between SNHG14 Expression and 
Clinicopathological Features in Patients with EC

Characteristics N (53) SNHG14 Expression P value

Low 
(n = 34)

High 
(n = 19)

Age 0.478

<50 years 34 23 11
≥50 years 19 11 8

Menstruation 0.017*

Non-menopause 22 10 12

Menopause 31 24 7

Diameter 0.371

≥3cm 21 15 6
<3cm 32 19 13

FIGO stage 0.013*
I+II 26 13 14

III+IV 27 21 5

Histological grade 0.035*

G1 27 13 13

G2+G3 26 21 6

Lymphatic metastasis 0.030*

Yes 30 23 7
No 23 11 12

Note: *P < 0.05 represents statistical differences.
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(TCGA). As illustrated in Figure 1A, SNHG14 was 
remarkably downregulated in EC tissues (N = 174) in 
contrast to normal tissues (N = 91, P < 0.05). To further 
validate the results obtained from TCGA, qRT-PCR was 
performed in 53 paired EC tissues and adjacent tissues to 
examine SNHG14 expression. Consistently, SNHG14 was 
underexpressed in EC tissues in contrast with adjacent 
tissues (P < 0.01, Figure 1B). As indicated in Table 1, 
SNHG14 expression was notably correlated with men-
struation, FIGO stage, histological grade and lymphatic 
metastasis of EC patients (P < 0.05). Kaplan-Meier curve 
revealed that EC patients with high SNHG14 expression 
exhibited significant longer overall survival than those 
with low SNHG14 expression (P = 0.015, Figure 1C). 
Compared with human embryonic stem cell (ESC), 
SNHG14 was lowly expressed in EC cell lines (HEC1-A, 
HEC1-B, AN3CA, Ishikawa) (P < 0.05, Figure 1D). With 
relatively lower expression of SNHG14, AN3CA and 
Ishikawa cells were used in subsequent assays.

SNHG14 Overexpression Hampered the 
Viability, Migration and Invasion of EC 
Cells
To study the biological effect of SNHG14 in EC, 
SNHG14 was overexpressed by transfection of pcDNA- 
SNHG14 into AN3CA and Ishikawa cells. As expected, 
SNHG14 expression was significantly elevated after 
transfection of pcDNA-SNHG14 (P < 0.01, Figure 2A). 
As illustrated in Figure 2B–D, the cell viability, wound 
healing rate, and relative invasion rate were notably 
decreased in pcDNA-SNHG14 group in contrast with 
pcDNA-NC group (P < 0.01).

SNHG14 Acted as a Sponge of miR-93-5p
Using bioinformatics tool StarBase, we discovered that 
SNHG14 could target miR-93-5p (Figure 3A). DLR assay 
indicated that miR-93-5p overexpression notably declined 
the luciferase activity of SNHG14-WT (P < 0.001), while 
did not influence the luciferase activity of SNHG14-MUT 

Figure 2 SNHG14 overexpression impeded the proliferation, migration and invasion of EC cells. (A) Relative expression of SNHG14 was measured by qRT-PCR in AN3CA 
and Ishikawa cells. (B) Cell viability was assessed by MTT assay. (C) Wound healing rate was detected by wound healing assay (scale bar = 100 μm). (D) Transwell assay was 
employed to determine the relative invasion rate in AN3CA and Ishikawa cells (× 200). **P < 0.01 vs pcDNA-NC.
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(Figure 3B). The results of RNA pull-down assay confirmed 
that SNHG14 directly bound with miR-93-5p (P < 0.01, 
Figure 3C). As revealed in Figure 3D, over expression 
SNHG14 remarkably declined miR-93-5p expression (P < 
0.01). Transfection of pcDNA-NC did not influence miR- 
93-5p expression. Subsequently, we found that miR-93-5p 
was dramatically overexpressed in tumor tissues compared 
with adjacent tissues (P < 0.01, Figure 3E). As demon-
strated in Figure 3F, a negative association was observed 
between SNHG14 and miR-93-5p expression in tumor tis-
sues (r =﹣0.3951, P < 0.01). Additionally, miR-93-5p was 
upregulated in HEC1-A, HEC1-B, AN3CA and Ishikawa 
cells in comparison to ESC (P < 0.001, Figure 3G). The 
above data disclosed that SNHG14 acted as a sponge of 
miR-93-5p, and miR-93-5p expression was negatively asso-
ciated with SNHG14 in EC cells.

MiR-93-5p Inhibition Hampered Viability, 
Migration and Invasion of EC Cells
qRT-PCR indicated that miR-93-5p was highly expressed 
in miR-93-5p mimics group, whereas lowly expressed in 
miR-93-5p inhibitor group compared to miR-NC group (P 
< 0.01, Figure 4A). As presented in Figure 4B–D, the cell 
viability, wound healing rate, and relative invasion rate 
were all remarkably declined in miR-93-5p inhibitor 
group in comparison to miR-NC group (P < 0.01).

MiR-93-5p Directly Targeted to ZBTB7A
TargetScan predicted a binding site between miR-93-5p 
and ZBTB7A (Figure 5A). Subsequently, TCGA data indi-
cated that ZBTB7A was remarkably downregulated in EC 
tissues (N = 174) in contrast to normal tissues (N = 91) (P 

Figure 3 SNHG14 acted as a sponge of miR-93-5p. (A) StarBase online website was used to predict the binding site between SNHG14 and miR-93-5p. (B) Dual luciferase 
reporter gene (DLR) assay was carried out to detect the luciferase activity of SNHG14 and miR-93-5p in AN3CA and Ishikawa cells. **P < 0.01 vs mimics NC. (C) The 
interaction between SNHG14 and miR-93-5p in AN3CA and Ishikawa cells was evaluated by RNA pull down assay. **P < 0.01 vs Bio-NC. (D) The expression of miR-93-5p 
in transfected AN3CA and Ishikawa cells. **P < 0.01 vs pcDNA-NC. (E) The expression of miR-93-5p in tumor tissues (n = 53) and adjacent tissues (n = 53). **P < 0.01 vs 
Adjacent tissues. (F) Spearman correlation analysis was conducted to assess the correlation between the expression of SNHG14 and miR-93-5p. (G) Expression of miR-93- 
5p in ESC and EC cell lines (HEC1-A, HEC1-B, AN3CA and Ishikawa).
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< 0.05, Figure 5B). As demonstrated in Figure 5C, miR- 
93-5p mimics notably decreased the relative luciferase 
activity of ZBTB7A WT, while did not influence the 
relative luciferase activity of ZBTB7A Mut (P < 0.01). 
Consistent with the data from TCGA, ZBTB7A expression 
was dramatically decreased in tumor tissues compared 
with adjacent tissues (P < 0.01, Figure 5D). The relative 
protein expression of ZBTB7A was notably decreased by 
miR-93-5p mimics in AN3CA and Ishikawa cells, while 
miR-NC did not influence ZBTB7A levels (P < 0.01, 
Figure 5E). As presented in Figure 5F and G, a negative 
association was observed between ZBTB7A expression and 
miR-93-5p (r = −0.3534, P = 0.0093), while a positive 
association was found between SNHG14 expression and 
ZBTB7A (r = 0.3313, P = 0.0154). Above all, ZBTB7A was 
directly targeted to miR-93-5p, and ZBTB7A was lowly 
expressed in EC.

Overexpression of SNHG14 Impeded 
Viability, Migration and Invasion of EC 
Cells by Modulating miR-93-5p/ZBTB7A 
Axis
To study the regulatory mechanism among SNHG14, miR- 
93-5p and ZBTB7A, AN3CA cells were co-transfected with 
pcDNA-SNHG14 and miR-93-5p mimics or si-ZBTB7A. 
As demonstrated in Figure 6A–C, the cell viability, wound 
healing rate and relative invasion rate were markedly 
declined in pcDNA-SNHG14 group compared to pcDNA- 
NC group (P < 0.01). The inhibitory effect of pcDNA- 
SNHG14 on the cell viability, wound healing rate and 
relative invasion rate was partly rescued by miR-93-5p 
mimics or si-ZBTB7A. Taken together, overexpression of 
SNHG14 impeded cell viability, migration and invasion in 
EC via miR-93-5p/ZBTB7A axis.

Figure 4 MiR-93-5p restrained the viability, migration and invasion of EC cells. (A) Relative expression of miR-93-5p was measured by qRT-PCR in AN3CA and Ishikawa 
cells. (B) Cell viability was assessed by MTT assay. (C) Wound healing rate was detected by wound healing assay (scale bar = 100 μm). (D) Transwell assay was employed to 
determine the relative invasion rate in AN3CA and Ishikawa cells (× 200). **P < 0.01 vs miR-NC.
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Discussion
In recent years, lncRNAs are reported to be closely corre-
lated with human cancers, and become one of the hotspots 
in cancer research.22 Among them, SNHG14 is frequently 
dysregulated in various human tumors. For instance, 
SNHG14 expression is remarkably enhanced in ovarian 
cancer tissues, and silenced SNHG14 hampers cell prolif-
eration, migration and invasion in ovarian cancer.23 Liu 

et al11 have demonstrated that SNHG14 might act as an 
oncogenic role in gastric cancer. In contrast with the above 
studies, Zhang et al24 have illustrated that SNHG14 is 
markedly downregulated in colorectal cancer (CRC) tis-
sues, and overexpression of SNHG14 restrains the prolif-
eration, migration, and invasion of CRC cells. Wang et al12 

have disclosed that SNHG14 is lowly expressed in glioma, 
and overexpressed SNHG14 hampers proliferation and 

Figure 5 ZBTB7A was directly targeted to miR-93-5p. (A) TargetScan was used to predict the binding site between ZBTB7A and miR-93-5p. (B) Relative expression of 
ZBTB7A in The Cancer Genome Atlas (TCGA). *P < 0.05 vs Normal. (C) DLR assay was carried out to validate the target relationship between ZBTB7A and miR-93-5p in 
AN3CA and Ishikawa cells. **P < 0.01 vs miR-NC. (D) The expression of ZBTB7A in tumor tissues (n = 53) and adjacent tissues (n =53). **P < 0.01 vs Adjacent tissues. (E) 
The relative protein expression of ZBTB7A in transfected AN3CA and Ishikawa cells was measured by Western blot. **P < 0.01 vs miR-NC. (F and G) Spearman 
correlation analysis was conducted to assess the correlation between the expression of ZBTB7A and miR-93-5p (F) or SNHG14 (G).
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invasion, and enhances apoptosis of glioma cells. Similar 
with the previous studies, our findings revealed that 
SNHG14 was remarkably downregulated in EC, and 
SNHG14 overexpression hampered the viability, migration 
and invasion of EC cells, which suggested that SNHG14 
might act as an anti-tumor role in EC progression. 
Moreover, Zhang et al24 also indicated that high expressed 
SNHG14 indicates a better overall survival of CRC 
patients by Kaplan-Meier curve. Similarly, we discovered 
that EC patients with higher SNHG14 expression had 
a longer overall survival, which indicated that SNHG14 
might function as a biomarker for EC prognosis.

Mounting researches show that lncRNAs compete 
with endogenous RNAs (ceRNAs) via targeting 
miRNAs to modulate the development of cancers, 
including EC.9,25,26 For example, the upregulated 
lncRNA MIR22 host gene remarkably promotes the 
cell apoptosis and suppresses cell proliferation through 
regulating miR-141-3p/DAPK1 axis in EC.27 LncRNA 
TUG1 is overexpressed in EC tissues, and promotes the 
EC evolution and progression by suppressing miR-299 
and miR-34a-5p.28 Here, we validated that SNHG14 
acted as a sponge for miR-93-5p. MiR-93-5p is identi-
fied to play a regulatory role in the progression of 

various tumors. For example, miR-93-5p is reported to 
be overexpressed in cervical cancer, and contributes to 
the proliferation and metastasis of cervical cancer 
cells.29 MiR-93-5p is highly expressed in NSCLC, and 
miR-93-5p silencing impedes the proliferation, migra-
tion and invasion of NSCLC cells.17 Notably, Chen et -
al30 have demonstrated that miR-93 is highly expressed 
in EC tissues, and overexpressed miR-93 facilitates the 
proliferation, migration and invasion of EC cells. 
Consistently, we detected that miR-93-5p was markedly 
upregulated in EC tissues, and miR-93-5p expression 
was negatively associated with SNHG14 in EC cells. 
Further functional experiments indicated that miR-93- 
5p inhibition hampered the viability, migration and inva-
sion of EC cells. Our findings indicated that SNHG14 
might exert its anti-tumor effect on EC progression via 
functioning as a sponge inhibiting miR-93-5p.

To explore the mechanism between SNHG14 and miR- 
93-5p in EC, we focused on the downstream target of miR- 
93-5p. ZBTB7A exerts a crucial role in the tumorigenesis 
of human malignancies, and the promotion or inhibition 
effect is associate with tumor type. ZBTB7A is overex-
pressed in breast cancer tissues, and facilitates the progres-
sion of breast cancer.31 Conversely, ZBTB7A is 

Figure 6 Overexpression of SNHG14 impeded the viability, migration and invasion of EC cells by regulating miR-93-5p/ZBTB7A axis. (A) Cell viability was assessed by MTT 
assay. (B) Cell migration was detected by wound healing assay (scale bar = 100 μm). (C) Transwell assay was employed to determine the relative invasion rate in AN3CA and 
Ishikawa cells (× 200). **P < 0.01 vs pcDNA-NC; ##P < 0.01 vs pcDNA-SNHG14.
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underexpressed in melanoma, and restrains adhesion, inva-
sion of melanoma cells via inhibiting MCAM.32 Similarly, 
we detected that ZBTB7A was downregulated in EC, and 
further ascertained that ZBTB7A was a direct target of 
miR-93-5p. Previous studies reveal that ZBTB7A acts as 
target gene for different miRNAs in various cancer types. 
For instance, recent studies have revealed that ZBTB7A 
serves as a functional target for miR-106b in hepatocellu-
lar carcinoma and ovarian carcinoma.33,34 Zhu et al35 have 
illustrated that miR-520e impedes cell growth, invasion 
and migration in NSCLC by targeting ZBTB7A. 
Furthermore, we demonstrated that the inhibiting action 
of SNHG14 overexpression on viability, migration and 
invasion of EC cells was partially rescued by miR-93-5p 
upregulation or ZBTB7A inhibition, suggesting that 
SNHG14 may exert an anti-tumor role in EC progression 
via regulating miR-93-5p/ZBTB7A axis.

Conclusion
In conclusion, SNHG14 was underexpressed in EC, and 
overexpressed SNHG14 hampered viability, migration and 
invasion of EC cells. SNHG14 served as a sponge for 
miR-93-5p. Furthermore, ZBTB7A was directly targeted 
to miR-93-5p. Overexpression of SNHG14 impeded via-
bility, migration and invasion of EC cells by modulating 
miR-93-5p/ZBTB7A axis. Our findings demonstrated that 
SNHG14 might act as an anti-tumor role in EC progres-
sion, and may be utilized as a novel therapeutic target for 
EC treatment.
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