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Up to date, the cervical cancer remains to be one of the leading gynecological malignancies worldwide.
MicroRNAs (miRNAs) play critical roles in the process of tumor initiation and progression. However,
miR-96 has rarely been investigated in human cervical carcinoma. We aimed to investigate the biological
function and underlying molecular mechanism of miR-96 in human cervical carcinoma. MiR-96 levels
were determined by qRT-PCR. Protein tyrosine phosphatase, non-receptor type 9 (PTPN9) mRNA and pro-
tein levels were investigated by qRT-PCR and western blotting. The cellular proliferation in cervical cells
was monitored by CyQuant assay. Soft agar assay was employed to determine the tumorigenicity. 30 UTR
luciferase assay was used to validate the target gene of miR-96. SPSS was used to analyze statistical sig-
nificance in different treatment. MiR-96 was dramatically upregulated in human cervical tumor tissues.
Overexpression of miR-96 was found to significantly promote the cellular proliferation and tumorigenic-
ity of cervical cells. Furthermore, we showed that PTPN9 was a direct target gene of miR-96 and had
opposite effect to those of miR-96 on cervical cells. MiR-96 may promote the cellular proliferation and
tumorigenicity of cervical cells by silencing PTPN9. Our study highlights an importantly regulatory role
of miR-96 and suggests that an appropriate manipulation of miR-96 may be a new treatment of human
cervical carcinoma in the future.
� 2018 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Human cervical cancer is the fourth leading cause of cancer
death in women worldwide and is one of the main causes of
cancer-related death in the developing countries (How et al.,
2015; Jemal et al., 2008). In 2016, the new cases of cervical cancer
diagnosis were around 12,990 and more than 4100 patients died
from cervical cancer based on the cancer statistics study in the
US (Siegel et al., 2016). In detection of advanced staged cervical
cancer, the estimated 5- year survival rates decreased dramatically
(Duenas-Gonzalez and Campbell, 2016). Despite extensive basic as
well as clinical research efforts, very little is known regarding the
molecular mechanisms of the cervical cancer. Therefore, it is
important to understand the molecular mechanisms responsible
for the cervical cancer for the diagnosis and treatment of cervical
cancer.

MicroRNAs (miRNAs) have been known as critical regulators to
modulate biological signaling cascades via the post-transcriptional
gene regulation or protein degradation. They are single stranded
noncoding small RNAs and conserved across species (Carroll
et al., 2014; Ebert and Sharp, 2012; Krutzfeldt et al., 2006). Recent
studies have demonstrated that miRNAs play important roles in
various cancers and become as efficient prognostic biomarkers in
developing new diagnostic methods and treatment strategies for
patients (Hu et al., 2010; Wang et al., 2016). The role of miRNAs
in human cervical carcinoma have also been discussed. For exam-
ple, miR-138 has been reported as a potential biomarker and tumor
suppressor in human cervical carcinoma by reversely correlated
with TCF3 gene (Li et al., 2017). Also, miR-497 was shown to neg-
atively regulate insulin-like growth factor and served as the tumor
suppressor in cervical cancer (Luo et al., 2013). Although much is
known about the miRNA profiles, the biological function of miRNAs
in human cervical cancers has not yet been fully understood.

MiR-96 usually functions as an oncogene in the tumorigenesis.
It has been investigated to be upregulated in multiple cancers, such
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as colorectal adenocarcinoma, bladder cancer, lung cancer, pros-
tate cancer, and hepatocellular carcinoma (Guo et al., 2012;
Haflidadottir et al., 2013; Rapti et al., 2016; Xu et al., 2013). FOXO1,
FOXO3a, RECK, EphrinA5 and SAMD9 have been validated as the
targets of miR-96 in different cancers (Carroll et al., 2014; Guo
et al., 2014; Guttilla and White, 2009; He et al., 2014; Lin et al.,
2010; Su et al., 2012; Wang et al., 2016; Xia et al., 2014). Thus, it
is attractive to explore the underlying molecular mechanism and
target gene of miR-96 in cervical cancer.

In this study, we observed that miR-96 expression was overex-
pressed in the human cervical cancer tissues which reversely cor-
related with the protein tyrosine phosphatase, non-receptor type 9
(PTPN9) expression. Next, we validated that PTPN9 was directly
suppressed by miR-96. Subsequently, we found that miR-96
enhanced the cellular progression and tumorigenicity of cervical
cancer cells. Moreover, upregulated PTPN9 had an opposite effect
on the cervical cancer cells.
Fig. 1. MiR-96 expression in cervical cancer tissues. Taqman qRT-PCR detection of
miR-96 expression in 12 cases of cancer tissue and paired non-tumor tissues. U6
was employed as an internal loading control. *P < 0.05 versus non-tumor tissues.
2. Material and methods

2.1. Cell culture and tissue samples

HeLa cells were cultured in RPMI 1640 (Gibco) supplemented
with 10% fetal bovine serum (FBS), penicillin and streptomycin
(100 U/mL, and 100 lg/mL). The cells were incubated in the
humidified chamber with 5% CO2 at 37 �C.

All tissue samples were collected in accordance the ethical
guidelines of the Affiliated Liaocheng People’s Hospital of Shan-
dong University

2.2. Overexpression of miR-96

Overexpression of miR-96 was achieved by transfecting cells
with hsa-miR-96 mimic which was a synthetic double-stranded
RNA oligonucleotide mimicking miR-96 precursor. The miR-96
was commercially available from life technologies (Carlsbad, CA).
The transfection was performed with RNAiMAX reagent (life tech-
nologies). The miRNA vector control (miR-NC) was also commer-
cially available from life technologies.

2.3. Quantitative real-time PCR (qRT-PCR)

Total RNA was isolated from human tissues or cells using mir-
VanaTM miRNA isolation kit (Thermo Fisher Scientific, Waltham,
MA) according to the manufacturer’s instructions. The complement
DNA (cDNA) was generated by RNA-to-cDNA kit (Applied Biosys-
tems, Foster City, CA). The target gene of miR-96 was predicted
using the miRbase Target (Griffiths- Jones et al., 2006). Assays to
quantify miRNA target gene were performed by TaqMan gene
specific probes (PTNP9, Applied Biosystems) following the manu-
facturer’s instructions. b-Actin was used an internal control. Assays
to qualify miRNA expression was used by Taqman advanced
miRNA cDNA synthesis kit (Applied Biosystems). The miR-96 levels
were calculated relative to the U6 snRNA internal reference. The
U6 cDNA was synthesized using a TaqMan MicroRNA Reverse
Transcription kit (Applied Biosystems).

2.4. Quantification of cell proliferation

The cell proliferation was qualified with CyQuant Assay Kit
(Thermo Fisher Scientific) based on DNA fluorescence. Cell were
seeded in the 96-well plate (5000 cells/well). The plates were fro-
zen at the indicated time of incubation. The fresh prepared
CyQuant solution was added to the well as described in assay
instructions.
2.5. Soft agar colony formation assay

The soft agar colony formation assay is considered as the most
stringent assay to monitor anchorage-independent growth in vitro.
As previously described (Franken et al., 2006), the HeLa cells were
seeded in the 6-well plates (1000 cells/well) following transfection.
Fresh culture medium was replaced every 3 days. After the cells
have formed sufficiently large clones, the cells were stained with
crystal violet, and the numbers of colonies containing more than
50 cells were counted.
2.6. Luciferase assay

We constructed the luciferase reporter carrying the PTPN9 30

UTR with the predicted potential binding site of miR-96 as previ-
ously described (Hong et al., 2016). For the luciferase assay, cells
were seeded in a 96-well plate at a density of 2 � 104 cells per
well. The cells were cotransfected with 0.3 lg firefly luciferase
reporter plasmid, 0.15 lg b-galactosidase expression vector
(Ambion, Austin, TX) and same amounts of miRNA vector control
(miR-NC) or miR-96 by lipofectamine 2000 (Invitrogen) according
to the manufacturer’s instructions. The cells were analyzed with
luciferase assay kit (Promega) after 48 h. b-galactosidase expres-
sion vector was used as a transfection control.
2.7. Western blotting

The proteins were harvested after the cells and tissues were
lysed with RIPA lysis buffer. All proteins were resolved on the com-
mercially available 4–15% precast gels (Bio-Rad, Richmond, CA).
After transferred onto the nitrocellulose membrane (Bio-Rad), the
membrane was incubated with primary antibodies overnight at
4 �C. The membrane was washed and incubated with a horseradish
peroxidase-conjugated secondary antibody. Protein levels were
assessed by the enhanced chemiluminescence and exposure to
the chemiluminescent film. b-actin was used as a loading control.
2.8. PTPN9 overexpression

As previously described (Hong et al., 2016), we purchased the
mammalian expression plasmid (pReceiver-M02-PTPN9) designed
to encode the full-length open reading frame (ORF) of human
PTPN9 without the 30 UTR from GeneCopoeia (Germantown, MD).
An empty plasmid (pReceiver-M02) was used as a plasmid control
(plasmid-NC). The overexpression plasmid of PTPN9 was trans-
fected into cervical cells using Lipofectamine 2000 (Invitrogen) fol-
lowing the manufacturer’s instructions.



Fig. 2. miR-96 promote the cellular proliferation and tumorigenicity. (A) CyQuant assay was used to monitor the cellular proliferation. The HeLa cells were transfected with
miR-NC or mir-96. CyQuant assay was performed as indicated time. *p < .05 versus Mock, **p < .05 versus miR-NC; (B) Soft agar assay was employed to determine the
tumorigenicity in untransfected cells (Mock) and miR-96 transfected cells. Scale bar = 50 lm.

Fig. 3. PTPN9 is the direct target of miR-96. (A) Taqman qRT-PCR detection of PTPN9 expression in 12 cases of cancer tissue and paired non-tumor tissues. b-Actin was used as
an internal reference. *P < .05 versus non-tumor tissues; (B) western blot was used to detect the PTPN9 protein expression from 6 randomly chosen non-tumorous tissues or
tumor tissues, respectively. b-Actin was used as a loading control. (C) 30 UTR luciferase reporter assay. The HeLa cells were cotransfected with PTPN9 30 UTR reporter with
miR-NC or mir-96. Luciferase assays were performed after 48 h. The b-galactosidase activity was used for normalization. *p < .05 versus Mock, **p < .05 versus miR-NC; (D)
relative PTPN9 mRNA expression level was analyzed by Taqman qRT-PCR in HeLa cells transfected with miR-NC or miR-96. *p < .05 versus Mock, ** p < .05 versus miR-NC; (E)
Western blot analysis forPTPN9 in the HeLa cells after transfected with miR-96. Mock was used as a negative control.
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2.9. Statistics

All studies were performed on different samples from 3 inde-
pendent cell preparations. The data was presented as mean ± SE.
The expression differences were analyzed with two-tailed
unpaired student’s t-test. A value of P < .05 was considered as the
statistical significance by the calculation of SPSS (SPSS Inc.,
Chicago, IL).
3. Results

3.1. MiR-96 is up-regulated in human cervical carcinoma tissues

We first determined the expression patterns of miR-96 in
human cervical carcinoma tissues. MiR-96 expression was
observed to be dramatically up-regulated in the cancer tissues
compared with adjacent noncancerous tissues (Fig. 1). We used



Fig. 4. PTPN9 overexpression repressed the cellular proliferation and tumorigenicity. (A) Taqman qRT-PCR was used to analyze PTPN9 mRNA levels after PTPN9
overexpression. *p < .05 versus Mock, **p < .05 versus plasmid-NC; (B) Western blot was employed to detect PTPN9 protein expression after PTPN9 overexpression; (C) After
48 h of transfection, the untransfected (Mock) and transfected cells were cultured for the indicated time. The cellular proliferation was determined by CyQuant assay. *p < .05
versus Mock, **p < .05 versus plasmid-NC; (D) Soft agar assay was employed to detect the tumorigenicity in Mock and miR-96 transfected cells. Scale bar = 50 lm.
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12 pairs of cervical cancer tissues and the adjacent noncancerous
tissues.

3.2. MiR-96 up-regulation promotes cellular proliferation and
tumorigenicity

To further explore the biological role of miR-96 in the develop-
ment and progression of cervical carcinoma, we next overex-
pressed hsa-miR-96 in the HeLa cells to detect its effect on
cellular proliferation. We found miR-96 overexpression signifi-
cantly enhanced the growth rate of the cervical cells as compared
with the miR-NC transfected cells (Fig. 2A). Moreover, as seen in
Fig. 2B, overexpression of miR-96 also dramatically increased the
anchorage independent growth in the cervical cells, as observed
by the increase in colony numbers compared with untransfected
cells. These results suggest that miR-96 up-regulation enhances
cervical cell proliferation. The up-regulation of miR-96 could also
enhance the tumorigenicity of cervical cancer cells in vitro.

3.3. PTPN9 is repressed by miR-96

To decipher the molecular mechanism of how miR-96 con-
tributes to cervical cancer progression, we used miRbase Target
to predict target genes of miR-96. Among those candidates, PTPN9
was found to be frequently downregulated in other cancers (Hong
et al., 2016; Su et al., 2012; Yuan et al., 2010). We first determined
the PTPN9 mRNA level in tissue samples. PTPN9 mRNA and protein
expression was found to downregulated in human cervical tumor
tissues compared with the normal tissues (Fig. 3A, B). We next
verified whether PTPN9 is a potential target of miR-96 by luciferase
assay. As seen in Fig. 3C, miR-96 significantly decreased the lucifer-
ase activity of PTPN9 30 UTR as compared to the untransfected cells
(Mock). MiR-NC also had no effect on the luciferase activity of
PTPN9 30 UTR (Fig. 3C). PTPN9 mRNA and protein expression was
also found to be dramatically decreased after miR-96 overexpres-
sion (Fig. 3D, E). Our results indicate that PTPN9 is a target of
miR-96.
3.4. PTPN9 has opposite effect of miR-96 in vitro

To investigate whether miR-96 may regulate cellular prolifera-
tion and tumorigenicity, we assessed the biological role of PTPN9
on cellular proliferation and tumorigenicity by overexpression of
PTPN9 in cervical cells. As seen in Fig. 4A, B, PTPN9 mRNA and pro-
tein expression was shown to be significantly increased compared
to untransfected cells and cells transfected with plasmid-NC. After
PTPN9 overexpression, the cellular proliferation and tumorigenic-
ity ability significantly decreased in the cervical cells (Fig. 4C, D).
These results suggest that miR-96 regulate the proliferation and
tumorigenicity through a PTPN9 dependent manner.

4. Discussion

Many researchers have reported that the expression and func-
tions of miRNAs are cell and tissue specific. Since the dysfunctions
of miRNAs is also commonly associated with the initial and devel-
opmental stages of human cancers, the correction of miRNA
expression may emerge as a potential therapeutic strategy. In this
study, miR-96 was found to be upregulated in human cervical can-
cer tissues and it could promote cervical cancer cell proliferation
and tumorigenicity. In addition, we validated that PTPN9 is directly
targeted by miR-96. PTPN9 overexpression was shown to have
opposite effect of miR-96 on cervical cancer cells in vitro.

Taken together, these data indicate that mir-96 enhances cellu-
lar proliferation of human cervical carcinoma cells through PTNP9.
It also raises the possibility of the potential of miR-96 as a thera-
peutic target of human cervical cancer.

MiRNAs are well known as a class of small regulatory RNA
molecules that can regulate gene expression in a sequence-
specific manner. Recently, miRNAs have also been reported to play
critical roles in various biological processes including cellular
proliferation, oncogenesis, invasion and metastasis (Calin and
Croce, 2006; Esquela-Kerscher and Slack, 2006; Gregory and
Shiekhattar, 2005). MiR-96 has been reported to upregulated
and contribute to many biological processes (Agirre et al., 2008;
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Bandres et al., 2006; Pineau et al., 2010). It has been shown that
upregulated miR-96 induces cell proliferation in human breast
cancer through negatively regulating transcriptional factor
FOXO3a (Lin et al., 2010).

In breast cancer, miR-96 was also found to promote cell prolif-
eration, migration and invasion by downregulating PTPN9 (Hong
et al., 2016). MiR-96 had been identified to suppress KRAS which
functions as a tumor suppressor gene in pancreatic cancer (Yu
et al., 2010). In the non-small cell lung cancer (NSCLC) cells, miR-
96a downregulated RECK to promote cell growth and motility
(Guo et al., 2014). Despite all of these studies, there are few
functional studies of miR-96 in the human cervical cancer. We
observed that miR-96 was upregulated in human cervical cancer
and miR-96 can enhance the cellular proliferation of human cervi-
cal carcinoma cells. Our findings add to the growing body of work
demonstrating cell- and tissue-specific functions of miR-96.

PTPN9 is a cytoplasmic phosphatase belonging to the classic
tyrosine-specific protein tyrosine phosphatases (PTPs), which are
key regulators in multiple cellular functions (He et al., 2014; Su
et al., 2012). It has been shown that downregulated expression of
PTPN9 contributes to human hepatocellular carcinoma growth
and progression (Hu et al., 2016).

Moreover, PTPN9 has also been reported to promote cell prolif-
eration and invasion in esophageal squamous cell carcinoma
(ESCC) cells (Zhu et al., 2017). PTPN9 has also been observed to
contribute to the invasion and metastasis in breast carcinoma
(Du et al., 2013). In this study, we showed that PTPN9 was down-
regulated in human cervical cancer tissues and directly repressed
by miR-96. More importantly, PTPN9 overexpression has opposite
effect of miR-96 on cell proliferation and tumorigenicity ability of
human cervical cells. Therefore, we speculate that miR-96 modula-
tion of PTPN9 can promote the human cervical cell proliferation
and tumorigenicity ability.

In conclusion, this study demonstrated an important link
between miR-96-mediated proliferation of cervical cancer cells
and downregulation of PTPN9. More importantly, this current
study also provides a new candidate for the therapeutic targeting
in human cervical carcinoma. Further research on miR-96 and
PTPN9 may also reveal a new avenue for treatment of cervical
cancer.
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