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Abstract
Background: MicroRNA-1271-5p (miR-1271-5p) has been reported to participate in the progression of
many malignancies. However, the molecular mechanism of miR-1271-5p still remains vague in ovarian
cancer (OC). Therefore, we explored the effect of miR-1271-5p in the development of OC in present study.

Methods: We measured the miR-1271-5p expression via qRT-PCR assay. Western blot analysis was
employed to examine protein expression. Then, the functional mechanism of miR-1271-5p was analyzed
by MTT, Transwell and dual luciferase assays.

Results: Downregulation of miR-1271-5p was found in OC, which can predict worse prognosis in OC
patients. Further, miR-1271-5p directly targets E2F5 in OC. And miR-1271-5p restrained the proliferation,
migration and invasion of OC cells via targeting E2F5. Additionally, upregulation of E2F5 was observed in
OC, which predicted unfavorable prognosis in OC patients. Besides that, miR-1271-5p suppressed EMT
and mTOR pathway in OC.

Conclusion: MiR-1271-5p inhibited the tumorigenesis of OC through targeting E2F5 and negatively
regulated the mTOR signaling pathway.

Introduction
Ovarian cancer (OC) is a kind of common cancer in female reproductive organs, ranking third only to
cervical cancer and uterine cancer [1]. But the death caused by OC is the �rst in all kinds of gynecological
tumors, posing a serious threat to women's life [2]. At present, the etiology of OC is unclear, which may be
related to age, fertility, blood type, mental factors and environment [3]. Moreover, the treatment of OC is
different due to different pathological types, and operation combined with chemotherapy is usually used
to treat OC [4, 5]. In addition, the �ve-year survival rate of OC patients is very low, only 25-30% [6].
However, if it is found early, 90% of the OC patients will survive; Later, when cancer cells spread to the
ovary, the survival rate is less than 30 % [7]. Hence, early diagnosis and early treatment are very
signi�cant to enhance survival rate of OC patients.

In recent years, microRNAs (miRNAs) have been paid more and more attention because of their speci�c
function in various cancers and disease. Attention is mainly focused on their inhibitory effect on some
genes expression [8]. Additionally, many miRNAs have been reported to regulate the progress of OC. For
example, miR-365 inhibited OC progression by targeting Wnt5a [9]. And miR-1 inhibited cell migration and
proliferation in OC through c-Met pathway [10]. But miR-205 accelerated cell invasion by repressing
TCF21 in human OC [11]. And miR-216a facilitated the metastasis and EMT of OC by suppressing the
PTEN/AKT pathway [12]. These studies imply that miRNA can function as a biomarker and target in OC.
Especially, miR-1271 has been found to express abnormally and show different functions in human
cancers. MiR-1271 has been proposed to block breast cancer progression by regulating circ-ABCB10 [13].
Moreover, miR-1271 had been found to function as an inhibitor for metastasis and EMT in human HCC
[14]. And the suppressive effect of miR-1271 was also detected in colorectal cancer cells [15]. In addition,
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expression and role of miR-1271 was reported to affect the pathogenesis of osteosarcoma [16]. However,
it was reported that miR-1271 promoted non-small-cell lung cancer cell proliferation and invasion [17].
Previous studies suggested that miR-1271 displayed different roles in different human cancers. And
these studies have stimulated our desire to determine miR-1271 role in OC.

In addition, it has been revealed that E2F transcription factor 5 (E2F5) can promote cell proliferation in
hepatocellular carcinoma cells [18]. Besides, upregulation of E2F5 had been identi�ed in some human
cancers including breast cancer [19], gastric cancer [20] and glioblastoma [21]. What's more, miR-98 had
been found to delay skeletal muscle differentiation by downregulating E2F5 [22]. And E2F5 had been
identi�ed as an independent prognostic factor in esophageal squamous cell carcinoma [23]. However, the
speci�c effect of E2F5 in OC remains unclear and need to be explored.

Here, the abnormal expression of miR-1271-5p was observed in OC. And the functions of miR-1271-5p
were also analyzed in the development of OC. The relationship between miR-1271-5p and E2F5 was also
con�rmed in OC. In addition, the effect of miR-1271-5p on EMT and mTOR signaling pathway was
analyzed in this study.

Materials And Methods
Clinical samples

Forty-�ve human OC tissues and normal ovary tissues were acquired from The Third A�liated Hospital of
Soochow University (The First People's Hospital of Changzhou). Written informed consents were
collected from all participators. All OC patients only received surgical treatment. This research was
approved by the Institutional Ethics Committee of The Third A�liated Hospital of Soochow University
(The First People's Hospital of Changzhou).

Cell lines culture

OC cells A2780, SKOV3, OVCAR and human normal ovarian epithelial cell line IOSE80 were purchased
from Tumor Cell Bank of the Chinese Academy of Medical Science (Beijing, China). Then, RPMI-1640
medium with 10% fetal bovine serum (FBS) was used to incubate these cells at 37°C with 5% CO2.

Cell transfection

MiR-1271-5p plasmid and negative control (NC) or miR-1271-5p mimics or inhibitor were obtained from
Ribobio (Guangzhou, China). Lipofectamine 2000 (Invitrogen, Carlsbad, USA) was employed to
transfected then into SKOV3 cells.

Quantitative RT-PCR

Total RNA was obtained by using TRIzol reagent (Invitrogen, Carlsbad, USA). And PrimeScript RT reagent
kit (TaKaRa, Dalian, China) was used to obtain cDNA. Quantitative RT-PCR was conducted using SYBR
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Premix Ex Taq (TaKaRa, USA). MiR-1271-5p or E2F5 was normalized to U6 or GAPDH. The 2−△△ct method
was selected to analyze their expressions. The forward primer for miR-1271-5p was 5'-CTT GGC ACC TAG
CAA GCA CTC A-3', and the reverse primer was 5'-TAT GGT TGT TCT CCT CTC TGT CTC-3'. The internal
control for miR-1271-5p was GAPDH (forward, 5'-CGG AGT CAA CGG ATT TGG TCG TAT-3'; reverse, 5'-AGC
CTT CTC CAT GGT GGT GAA GAC-3'). The primers for E2F5 were 5'-CCT GTT CCC CCA CCT GAT G-3
(forward) and 5'-TTT CTG TGG AGT CAC TGG AGT CA-3' (reverse). The internal control was U6 (forward,
5'-CTC GCT TCG GCA GCA CA-3'; reverse, 5'-AAC GCT TCA CGA ATT TGC GT-3').

MTT assay

The transfected cells were incubated in 96-well plates for 24, 48, 72  and 96 h. Next, 20 μL MTT solutions
(Thermo Fisher Scienti�c, Inc.) was used to incubate the cells for 4 h. After that, we terminated the
incubation and discarded culture supernatant. Finally, OD value (490 nm) was detected using a
spectrophotometer.

Transwell assays

Transwell chambers (8-μm pore size membranes) were employed to perform cell migration and invasion
assays. Cell invasion was detected in the upper chambers (8-μm pore size membranes) with matrigel (BD
Biosciences, USA). The lower chamber was added with 10% FBS. Transfected SKOV3 and OVCAR cells
were incubated for 24h at 37°C with 5% CO2. Methanol and crystal violet were applied to  �x and stain the
invasive cells. Cell migration was detected without matrigel. Finally, the number of removed cells was
measured by a microscope.

Dual Luciferase Assay

The pmirGLO luciferase vector (Promega, Madison, USA) containing wild or mutant type of 3’-UTR of
E2F5 was transfected into SKOV3 and OVCAR cells with miR-1271-5p mimics. The luciferase activity was
observed using dual luciferase assay system (Promega, USA).

Western blot analysis

Protein was obtained and separated by RIPA lysis buffer and 10% SDS-PAGE. Then, the protein was
blocked with 5% non-fat milk and transferred in PVDF membranes. Next, the membranes were incubated
with vimentin, N-cadherin, E-cadherin, mTOR, and GAPDH primary antibodies (1:1000; Abcam, USA)
overnight at 4℃. After washing, secondary antibody (1:2000; Abcam, USA) was continued to incubate the
protein for 2h. Finally, protein expression was observed using ECL (ECL, Pierce).

Statistical analysis

Data were analyzed by Graphpad Prism 6 and SPSS 19.0 and presented as mean ± SD. Student’s t test or
Tukey’s one-way ANOVA was selected to calculate the differences between groups. Kaplan-Meier analysis
with log-rank test was applied to analyze the survival differences. P<0.05 indicates statistical difference.
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Results
Decreased expression of miR-1271-5p was detected in OC.

Primarily, miR-1271-5p expression was measured in OC tissues. The qRT-PCR assay suggested that miR-
1271-5p expression was apparently declined in OC tissues contrast to normal tissues (Figure 1A). In
addition, low miR-1271-5p expression was associated with FIGO stage (P = 0.035) and lymph node
metastasis (P = 0.007) in OC patients (Table 1). Therefore, we considered that miR-1271-5p was
downregulated in OC that might involve in the tumorigenesis of OC. In addition, Kaplan-Meier survival
curve indicated that low miR-1271-5p expression was associated with infaust prognosis in OC patients (P
= 0.0051, Figure 1B). According to above result, aberrant expression of miR-1271-5p might relate to the
prognosis of OC patient.

MiR-1271-5p restrained cell proliferation, migration and invasion in OC.

Then, miR-1271-5p expression level was examined in A2780, SKOV3, OVCAR and IOSE80 cell lines to
further investigate its effect in OC. Consistent with the results of OC tissues, miR-1271-5p expression was
apparently declined in A2780, SKOV3 and OVCAR cells contrast to IOSE80 cells (Figure 2A). Then we
found that miR-1271-5p expression was distantly enhanced by miR-1271-5p mimics and was reduced by
miR-1271-5p inhibitor detected by qRT-PCR (Figure 2B). Furthermore, miR-1271-5p overexpression
repressed SKOV3 and OVCAR cell proliferation, whereas miR-1271-5p downregulation showed opposite
effect on cell proliferation (Figure 2C, 2D). Besides that, the results of Transwell assay displayed that miR-
1271-5p mimics repressed cell migration, when miR-1271-5p inhibitor signi�cantly stimulated SKOV3 and
OVCAR cell migration (Figure 2E). Meanwhile, the same result of miR-1271-5p was also identi�ed for OC
cell invasion (Figure 2F). Taken together, miR-1271-5p overexpression suppresses cell proliferation,
migration and invasion in OC.

E2F5 was a direct target of miR-1271-5p in OC cells.

E2F5 was predicted to have a binding site with miR-1271-5p in TargetScan database
(http://www.targetscan.org/, Figure 3A). Luciferase reporter assay suggested that the luciferase activity
was reduced in SKOV3 and OVCAR cells with miR-1271-5p mimics and E2F5-Wt vector (Figure 3B).
Additionally, we also found that E2F5 expression was negatively correlated with miR-1271-5p expression
in OC tissues (P 0.0001, R2=0.5541; Figure 3C). Besides that, we found that E2F5 was downregulated by
miR-1271-5p mimics (Figure 3D) and upregulated by miR-1271-5p inhibitor in SKOV3 and OVCAR cells
(Figure 3E). Hence, E2F5 was veri�ed as a direct target of miR-1271-5p and had negative correlation with
miR-1271-5p expression.

Upregulation of E2F5 was identi�ed in OC tissues.

Next, alternation of E2F5 expression was identi�ed in OC tissues. The qRT-PCR experiment showed that
E2F5 expression was increased in the OC tissue (Figure 4A). And upregulation of E2F5 was also observed



Page 6/15

in A2780, SKOV3, OVCAR cell lines in contrast to IOSE80 cells (Figure 4B). Besides that, high E2F5
expression predicted adverse prognosis in OC patients (P = 0.0092, Figure 4C). Therefore, E2F5 was
considered to in�uence the development of OC.

MiR-1271-5p negatively regulated EMT and mTOR pathway in OC.

In addition, whether miR-1271-5p regulates EMT and mTOR pathway was explored in OC. Western blot
analysis showed that miR-1271-5p overexpression promoted the expression of E-cadherin and
suppressed N-cadherin and Vimentin expressions (Figure 5A). Inversely, downregulation of miR-1271-5p
exerted opposite effect on the expression of these makers (Figure 5B). Thus, we considered that miR-
1271-5p could suppress cell metastasis by regulating EMT. Besides that, we found that upregulation of
miR-1271-5p reduced p-mTOR expression, but no change was found for mTOR expression level (Figure
5A). On the contrary, downregulation of miR-1271-5p enhanced p-mTOR expression level (Figure 5B). In
brief, miR-1271-5p was found to negatively regulate EMT and mTOR pathway in OC.

Discussion
The alternation of miRNAs expression has been demonstrated to participate in pathogenesis of human
cancers including OC [24], [25]. In this study, miR-1271-5p expression was found to be decreased in OC.
And downregulation of miR-1271-5p can predict worse prognosis in OC patients. Functionally, miR-1271-
5p repressed the proliferation, migration and invasion of OC cells via regulating E2F5 and negatively
regulated the mTOR signaling pathway in OC. Therefore, miR-1271-5p was veri�ed as a tumor suppressor
in OC.

Recently, it has been identi�ed that miR-1271 is a suppressive miRNA in several human malignant
tumors. MiR-1271 was found to repress cellular proliferation in hepatocellular carcinoma [26] which is
consistent with our results in OC. And miR-1271 also suppressed migration, invasion and EMT in
pancreatic cancer cells [27]. Here, the same effect of miR-1271-5p on cell migration, invasion and EMT
was found in OC as well. More importantly, Liu et al found that miR-1271 restrained tumor growth in OC
[28] which is consistent with our �ndings. Besides that, miR-1271 was also reported to negatively regulate
mTOR signaling in pancreatic cancer [29] as well as in OC in current research. In addition, low expression
of miR-1271 had been reported to predict poor prognosis of patients with neuroglioma [30] as well as our
�ndings. All these studies supported our conclusion about the role of miR-1271-5p in OC again.
Furthermore, E2F5 was identi�ed as a direct target of miR-1271-5p in OC.

E2F5 was reported to affect DNA synthesis, initiation of replication and cell-cycle [31]. Zhao et al. found
that E2F5 functioned as an oncogene with copy number gain in prostate cancer [32] and we also found
the carcinogenesis of E2F5 in OC in this study. Moreover, upregulation of E2F5 has been observed in
gastric cancer [33] and colorectal cancer [34]. And the upregulation of E2F5 was also identi�ed in OC.
Additionally, we also examined that high E2F5 expression was related to poor prognosis of OC. Same as
our results, it was reported that upregulation of E2F5 resulted in a worse clinical outcome and poor
prognosis of breast cancer [35]. Besides that, E2F5 had been veri�ed as a direct target of several miRNAs
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and had negative association with their expression, such as miR-129-3p [36], miR-132 [37] and miR-613
[38]. In present research, miR-1271-5p directly targets E2F5 and inversely regulated E2F5 expression in
OC. These results showed that miR-1271-5p suppressed the development of OC, at least in part, through
inhibiting E2F5 expression.

Conclusion
In this study, decreased expression of miR-1271-5p was detected in OC tissues and can predict
unfavorable prognosis in OC patient. Moreover, miR-1271-5p inhibited the development of OC through
regulating E2F5 and negatively regulated the mTOR signaling pathway in OC. These �ndings might be
bene�t for the diagnosis and therapy of OC.
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Table
Table 1  Relationship between  miR-1271-5p expression and their clinic-pathological
characteristics of OC patients.

Characteristics Cases
miR-1271-5p

P-value
High Low

Age (years)       0.073
≥ 60 25 11 14  

60 20 9 11  
Histological grading       0.118

1-2 28 13 15  
3 17 7 10  

Tumor size       0.18
<5 cm 30 14 16  
≥5 cm 15 6 9  

FIGO stage       0.035*
I-II 33 13 20  

III-IV 12 7 5  
Lymph node metastasis       0.007*

No 35 15 20  
Yes 10 5 5  

Statistical analyses were performed by the χ2 test. 
*P 0.05 was considered significant.

Figures
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Figure 1

MiR-1271-5p was downregulated in OC tissues. (A) MiR-1271-5p expression in OC and normal tissues (B)
Low miR-1271-5p expression was related to shorter overall survival in OC patients. **P < 0.01.

Figure 2
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MiR-1271-5p inhibited cell proliferation, migration and invasion in OC. (A) MiR-1271-5p expression in
A2780, SKOV3, OVCAR and IOSE80 cells (B) MiR-1271-5p expression in SKOV3 and OVCAR cells
containing miR-1271-5p mimics or inhibitor (C, D) Cell proliferation in SKOV3 and OVCAR cells with miR-
1271-5p mimics or inhibitor (E, F) MiR-1271-5p mimics or inhibitor regulated cell migration and invasion *
P <0.05, ** P <0.01.

Figure 3
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E2F5 was a direct target of miR-1271-5p in OC cells. (A) The binding sites between miR-1271-5p and
E2F5 (B) Luciferase reporter assay (C) MiR-1271-5p inversely regulated E2F5 expression (D, E) E2F5
expression was in SKOV3 and OVCAR cells containing miR-1271-5p mimics or inhibitor ** P <0.01.

Figure 4

Upregulation of E2F5 was detected in OC. (A) E2F5 expression in OC tissues and normal tissues (B) E2F5
expression in A2780, SKOV3, OVCAR and IOSE80 cell lines. (C) Shorter overall survival in OC patients with
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high E2F5 expression *P < 0.05, **P < 0.01

Figure 5

MiR-1271-5p negatively regulated EMT and mTOR pathway in OC. (A, B) The protein expression of
Vimentin, N-cadherin, E-cadherin, mTOR and p-mTOR in SKOV3 cells containing miR-1271-5p mimics or
inhibitor.


