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ABSTRACT The aim of current study was to explore the mechanism of microRNA
142-5p (miR-142-5p) in cervical cancer through mediating the phosphoinositol-3-
kinase adaptor protein 1 (PIK3AP1)/PI3K/AKT axis. To this end, reverse transcrip-
tion-quantitative PCR (RT-qPCR) and Western blot analysis results revealed that
miR-142-5p was poorly expressed, whereas PIK3AP1 was highly expressed, in cervi-
cal cancer tissues and cells. Furthermore, miR-142-5p was hypermethylated in cer-
vical cancer, as reflected by methylation-specific PCR (MS-PCR) and chromatin
immunoprecipitation (ChIP) assessment of enrichment of DNMT1/DNMT3a/DNMT3b in
the promoter region of miR-142-5p. A target binding relationship between miR-142-5p
and PIK3AP1 was established, showing that miR-142-5p targeted and inhibited the
expression of PIK3AP1. Loss- and gain-of-function assays were conducted to determine
the roles of miR-142-5p and PIK3AP1 in cervical cancer cells. CCK-8, flow cytometry,
and Transwell assay results revealed that overexpression of miR-142-5p in cervical
cancer cells downregulated PIK3AP1 and inhibited the PI3K/AKT signaling pathway,
leading to reduced proliferation, migration, and invasion capacity of cervical can-
cer cells but enhanced apoptosis. Collectively, epigenetic regulation of miR-142-5p
targeted PIK3AP1 to inactivate the PI3K/AKT signaling pathway, thus suppressing
development of cervical cancer, which presents new targets for the treatment of
cervical cancer.

KEYWORDS cervical cancer, microRNA 142-5p, phosphoinositol-3-kinase adaptor
protein 1, migration, phosphatidylinositol 3-kinase adaptor protein 1/AKT

Cervical cancer remains a major cause of cancer-related morbidity around the globe
(1). More than 500,000 women are diagnosed with cervical cancer annually, which

brings more than 300,000 deaths worldwide, despite recognition that the high-risk sub-
type of human papillomavirus (HPV) is the main cause of the disease (2). Researches
show that population-wide vaccination in adult women against the HPV associated with
cervical may significantly reduce the incidence of cervical cancer (3). Furthermore, cervi-
cal cancer screening through detection and treatment of high cervical intraepithelial ne-
oplasia has been highly successful in preventing this cancer (4). Standard therapeutic
methods include external irradiation and brachytherapy with cisplatin chemotherapy (5).
However, resistance to chemotherapy and radiotherapy is a major obstacle to the effec-
tive treatment of advanced cervical cancer (6).

A prior report has shown that microRNAs (miRNAs) are associated with the recur-
rence and metastasis of cervical cancer (7). miRNAs are small noncoding RNAs that reg-
ulate a variety of target genes and therefore participate in the regulation of a variety of
biological and pathological processes, including the onset and development of cancer
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FIG 1 miR-142-5p is poorly expressed in cervical cancer tissues and cells, and overexpression of miR-142-5p inhibits the proliferation, migration,
and invasion of cancer cells and promotes apoptosis. HeLa and C33A were transfected with miR-142-5p mimic or miR-142-5p inhibitor. (A) The
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(8). The expression of miR-142-5p is reportedly downregulated in cervical cancer (9),
and miR-142-5p expression is silenced in HPV-positive cells (10). Moreover, miRNA-142-
3p is poorly expressed in cervical cancer, and its low expression is linked to poor over-
all survival and progression-free survival (11). We applied the Starbase database in the
present study to predict binding sites between miR-142-5p and the 39 untranslated
region (UTR) region of phosphoinositol-3-kinase adaptor protein 1 (PIK3AP1) mRNA.
PIK3AP1 is an adaptor protein originally isolated from B cells, which can promote can-
cer proliferation and chemosensitivity (12). A previous report has suggested that
PIK3AP1 expression is elevated in gastric cancer and that patients with high PIK3AP1
expression in tumors have dismal survival (13). Additionally, PIK3AP1 has been
reported to activate the PI3K/AKT signaling pathway (13), which is involved in a variety
of biological processes and is often abnormally activated in human cancers (14).
Furthermore, PIK3AP1 and AKT gene expression are positively correlated with cancer
(12). Investigation of the relation between PI3K/AKT and cervical cancer shows that
ARHGAP17 inhibits tumor progression by inhibiting the PI3K/AKT signaling pathway
(15), whereas activation of mitogen-activated protein kinase (MAPK), PI3K/AKT, and
hTERT signaling promotes tumor growth and metastasis and regulates radiosensitivity
of cervical cancer (16). Therefore, this study aimed to explore how miR-142-5p affects
cervical cancer through mediating the PIK3AP1/PI3K/AKT axis.

RESULTS
miR-142-5p is poorly expressed in cervical cancer tissues and cells, and

overexpression of miR-142-5p inhibits the proliferation, migration, and invasion
of cancer cells and promotes apoptosis. The expression of miR-142-5p is downregu-
lated in cervical cancer (9). To determine the influence of miR-142-5p on the occur-
rence and development of cervical cancer, we measured the expression of miR-142-5p
in cervical cancer tissues and cells by reverse transcription-quantitative PCR (RT-qPCR),
which revealed significantly lower miR-142-5p expression in cervical cancer tissues and
cells than that in normal samples (Fig. 1A). The association between miR-142 and sur-
vival of patients with cervical cancer included in The Cancer Genome Atlas (TCGA)
showed a better survival rate of patients with relatively high expression of miR-142
(Fig. 1B), indicating a prognostic role of miR-142.

To further study the effects of miR-142-5p on the biological characteristics of cervi-
cal cancer cells, cervical cancer cells (HeLa and C33A) were transfected with miR-142-
5p mimic or miR-142-5p inhibitor. The results of RT-qPCR analysis showed that miR-
142-5p expression was notably elevated in miR-142-5p mimic-transfected HeLa and
C33A cervical cancer cells but was markedly downregulated upon miR-142-5p inhibitor
transfection, thus validating the successful transfection efficiency (Fig. 1C). The cell
counting kit 8 (CCK-8) assay showed that the proliferation of HeLa and C33A cells was
dramatically reduced after the cells were transfected with miR-142-5p mimic (Fig. 1D).
Flow cytometry showed that the apoptosis rate in HeLa and C33A cells transfected
with miR-142-5p mimic was strikingly increased (Fig. 1E). Results obtained using the
Transwell assay illustrated that migration and invasion ability were significantly
reduced in HeLa and C33A cells upon treatment with miR-142-5p mimic (Fig. 1F and
G). Western blot analysis to determine the expression of related genes showed remark-
ably decreased expression of Ki67, B-cell lymphoma 2 (Bcl-2), and matrix metalloprotei-

FIG 1 Legend (Continued)
expression of miR-142-5p in the clinical tissues and cells of cervical cancer was detected by RT-qPCR (n= 30). (B) Survival analysis of miR-142 in the
clinical treatment of TCGA cervical cancer. The x axis represents the survival time, and the y axis represents the survival rate, with red indicating the
survival status of patients with high expression and black indicating the survival status of patients with low expression. (C) miR-142-5p expression in
the transfected HeLa and C33A cells was measured using RT-qPCR. (D) Proliferation was detected using CCK-8. (E) Apoptosis was examined by flow
cytometry. (F and G) Migration and invasion were tested using the Transwell assay (�200). (H) The expression of related genes was monitored by
Western blot analysis. The measurement data are expressed as means 6 standard deviations. The paired t test was used to compare the carcinoma
and adjacent tissues. The data comparison between multiple groups was performed using ANOVA, followed by Tukey’s post hoc test. For data
comparison between groups at different time points, repeated-measurement ANOVA was used, followed by Tukey’s post hoc test. *, P, 0.05 versus
adjacent tissues or mimic-NC-transfected HeLa and C33A cells; #, P, 0.05 versus inhibitor-NC-transfected HeLa and C33A cells.
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nase 9 (MMP-9), whereas Bcl-2-associated X (Bax) and C-caspase 3 expression was sig-
nificantly boosted in miR-142-5p mimic-transfected HeLa and C33A cells (Fig. 1H).
However, treatment of the cells with miR-142-5p inhibitor provoked opposite results
(Fig. 1E to H). Taken together, our results show that the expression of miR-142-5p was
downregulated in cervical cancer cells, whereas the upregulation of miR-142-5p
induced inhibited proliferation, migration, and invasion as well as accelerated
apoptosis.

The promoter of miR-142-5p is methylated in cervical cancer and its expression
is inhibited. A hypermethylated CpG island exists in the promoter region of miR-142-
5p (17). The MethPrimer (http://www.urogene.org/cgi-bin/methprimer/methprimer
.cgi) website also confirmed the presence of a CpG island in the promoter region of
miR-142-5p (Fig. 2A). Correlation analysis of miR-142 expression data and methylation
data in TCGA cervical cancer data showed a significantly negative correlation between
the degree of methylation and the expression of miR-142 (Fig. 2B). Analysis using
methylation-specific PCR (MS-PCR) showed that the methylation level of miR-142-5p in
cervical cancer tissues and cells was significantly increased compared to that in

FIG 2 The promoter of miR-142-5p is methylated in cervical cancer and its expression is inhibited. (A) Enrichment analysis of CPG island in the miR-142
promoter region. (B) The correlation between miR-142 methylation level and expression in TCGA cervical cancer was analyzed. The x axis represents the
methylated beta value of miR-142, the y axis represents the expression value of miR-142, and the upper part represents Pearson’s correlation coefficient
and the corresponding P value. (C) The methylation level of miR-142-5p in cervical cancer tissues and cells was measured using MS-PCR. M, methylated
band; U, unmethylated band. (D) After treatment of HeLa and C33A cells with the DNA methylation inhibitor 5-Aza-dc, the methylation level of miR-142-5p
was detected by MS-PCR. (E) The expression of miR-142-5p was measured with RT-qPCR after HeLa and C33A cells were treated with 5-Aza-dc. (F) DNA-
methylating enzymes DNMT1, DNMT3a, and DNMT3b were enriched in the promoter region of the miR-142-5p gene as measured by ChIP assay. (G) The
protein expression of DNMT1, DNMT3a, and DNMT3b was examined after HeLa and C33A cells were treated with 5-Aza-dc as determined by Western blot
analysis. The measurement data are expressed as means 6 standard deviations. The two groups of data conforming to the normal distribution were
compared using the unpaired t test. The data comparison between multiple groups was performed using ANOVA, followed by Tukey’s post hoc test. The
experiment was repeated three times. *, P, 0.05 versus DMSO-treated HeLa and C33A cells.
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adjacent tissues and normal cells (Fig. 2C). Subsequently, HeLa and C33A cells were
treated with the DNA methylation inhibitor 5-Aza-dC, which provoked a significant
reduction in the methylation level of miR-142-5p and elevated expression of miR-142-
5p (Fig. 2D and E). Since the catalytic action of methyltransferase enzyme is required
for DNA methylation, we adopted chromatin immunoprecipitation (ChIP) for enrich-
ment analysis of DNMT1, DNMT3a, and DNMT3b in the promoter region of the miR-
142-5p gene. Results revealed that the enrichment of DNMT1, DNMT3a, and DNMT3b
in the promoter region of miR-142-5p gene was significantly reduced after treatment
with 5-Aza-dC (Fig. 2F). Next, Western blot analysis was used to determine the expres-
sion of DNA methylases DNMT1, DNMT3a, and DNMT3b after 5-Aza-dC treatment (Fig.
2G); the results demonstrated that 5-Aza-dC treatment markedly reduced the expres-
sion of DNMT1, DNMT3a, and DNMT3b (Fig. 2G). The above results indicated that in
cervical cancer, the promoter of miR-142-5p was methylated and its expression was
inhibited.

PIK3AP1 is a downstream target gene of miR-142-5p and is highly expressed in
cervical cancer tissues and cells. In search of miR-142-5p downstream regulatory
mechanism, we downloaded a cervical cancer expression data set GSE63514 through
the GEO database and obtained a large number of differentially expressed genes
through differential analysis of gene expression in normal samples and tumor samples
in the database (Fig. 3A), which are provided in the supplementary table at https://doi
.org/10.6084/m9.figshare.13264832.v1. Next, we predicted the target genes of miR-
142-5p from the Starbase database (http://starbase.sysu.edu.cn/starbase2/) and inter-
sected these target genes with the top 200 differentially upregulated genes in
GSE63514 (Fig. 3B), which yielded seven differentially expressed genes (CEP55,
PIK3AP1, KIF14, NRIP3, DTL, MCM10, and DEPDC1 genes). As depicted by Fig. 4, RT-
qPCR analysis of these seven genes showed a significant increase in the expression of
PIK3AP1 in cervical cancer tissues compared with adjacent tissues. We analyzed the
Starbase database and then predicted that miR-142-5p bound to the PIK3AP1 mRNA 39
UTR (Fig. 3C). Meanwhile, TCGA cervical cancer data also showed increased expression
of PIK3AP1 in tumors (Fig. 3D). Western blot analysis displayed significantly increased
expression of PIK3AP1 in cervical cancer tissues and cells compared with that in adja-
cent tissues and normal cells (Fig. 3E).

The target binding of miR-142-5p to PIK3AP1 was verified by dual-luciferase re-
porter gene assay, which showed that HeLa and C33A cells cotransfected with the
PIK3AP1 wild type (PIK3AP1-Wt) and miR-142-5p mimic showed a weaker luciferase ac-
tivity in comparison with that of cells cotransfected with PIK3AP1-Wt and negative
(NC) mimic. However, there was no significant difference in luciferase activity between
cells cotransfected with PIK3AP1 mutant (PIK3AP1-Mut) and miR-142-5p mimic and
cells cotransfected with PIK3AP1-Mut and NC mimic (Fig. 3F), thus suggesting that
miR-142-5p targeted and bound to PIK3AP1. To further investigate the regulation of
miR-142-5p on PIK3AP1 expression, HeLa and C33A cells were treated with miR-142-5p
mimic or miR-142-5p inhibitor. The results of RT-qPCR and Western blot analysis exhib-
ited that PIK3AP1 expression was notably downregulated after HeLa and C33A cells
were treated with miR-142-5p mimic but upregulated by treatment with miR-142-5p
inhibitor (Fig. 3G and H). The above studies showed that PIK3AP1 was highly expressed
in cervical cancer and that miR-142-5p targeted and suppressed the expression of
PIK3AP1.

Overexpression of miR-142-5p suppresses the proliferation, migration, and
invasion of cervical cancer cells and promotes apoptosis through targeting the
PIK3AP1/PI3K/AKT axis. We next tested the effect of miR-142-5p on the biological
characteristics of cervical cancer cells through targeting and inhibiting PIK3AP1 in

FIG 3 Legend (Continued)
the unpaired t test was used for the data comparison between two groups. The data comparison between multiple groups was performed using ANOVA,
followed by Tukey’s post hoc test. The experiment was repeated three times. *, P, 0.05 versus adjacent tissues or mimic-NC-transfected cells; #, P, 0.05
versus inhibitor-NC transfected cells.
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HeLa and C33A cells. The results of Western blot analysis exhibited that PIK3AP1
expression was higher in HeLa and C33A cells cotransfected with mimic-NC and over-
expressed PIK3AP1 (oe-PIK3AP1) than that in cells cotransfected with mimic-NC and
oe-NC. In addition, PIK3AP1 expression was significantly decreased in HeLa and C33A
cells cotransfected with miR-142-5p mimic and oe-NC in comparison with that in cells
cotransfected with mimic-NC and oe-NC. Moreover, the expression of PIK3AP1 was
strikingly boosted in HeLa and C33A cells cotransfected with miR-142-5p mimic and
oe-PIK3AP1 compared to that in cells cotransfected with miR-142-5p mimic and oe-NC
(Fig. 5A).

A prior report has demonstrated that PIK3AP1 can activate the PI3K/AKT signaling
pathway (13). Therefore, we performed Western blot analysis to determine the expres-
sion of related proteins in the PI3K/AKT signaling pathway, which showed that HeLa
and C33A cells cotransfected with mimic-NC and oe-PIK3AP1 had significantly
increased phosphorylation levels of PI3K and AKT compared to those of HeLa and
C33A cells cotransfected with mimic-NC and oe-NC, while cells cotransfected with miR-
142-5p mimic and oe-NC showed opposite results. In the HeLa and C33A cells trans-
fected with miR-142-5p mimic, the further treatment with oe-PIK3AP1 induced notably
higher phosphorylation levels of PI3K and AKT than those in cells treated with oe-NC
(Fig. 5B), thus showing that miR-142-5p could inhibit the activation of the PI3K/AKT sig-
naling pathway through targeting and suppressing the expression of PIK3AP1. Next,
the effect of miR-142-5p on the biological characteristics of cervical cancer cells by reg-
ulating the PIK3AP1/PI3K/AKT axis was studied by the further treatment with
LY294002, a PI3K/AKT signaling pathway inhibitor. The results of Western blot analysis
showed that the phosphorylation levels of PI3K and AKT in HeLa and C33A cells
cotreated withmiR-142-5p mimic and LY294002 were remarkably downregulated com-
pared to those in cells cotreated with miR-142-5p mimic and dimethyl sulfoxide
(DMSO). Meanwhile, the cotreatment of HeLa and C33A cells with oe-PIK3AP1 and
LY294002 induced significantly decreased levels of PI3K and AKT compared to those in
cells cotreated with oe-PIK3AP1 andDMSO (Fig. 5C).

To explore the effects of the miR-142-5p-dependent PIK3AP1/PI3K/AKT axis on cell
proliferation, migration, invasion, and apoptosis abilities, we adopted CCK-8 (Fig. 5D),
flow cytometry (Fig. 5E), and the Transwell assay (Fig. 5F and G), which showed that
the proliferation, migration, and invasion abilities in HeLa and C33A cells cotransfected
with mimic-NC and oe-PIK3AP1 were notably enhanced, while apoptosis ability was
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reduced in comparison with that in HeLa and C33A cells cotransfected with mimic-NC
and oe-NC. However, we found opposite results in HeLa and C33A cells cotransfected
with miR-142-5p mimic and oe-NC and cells cotransfected with mimic-NC and oe-NC.
Additionally, the proliferation, migration, and invasion abilities in cells cotransfected
with miR-142-5p mimic and oe-PIK3AP1 were significantly increased, but apoptosis
was reduced, compared to those of cells cotransfected with miR-142-5p mimic and oe-
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NC. Further Western blot analysis displayed that, compared to that in cells cotrans-
fected with mimic-NC and oe-NC, the expression of Ki67, Bcl-2, and MMP-9 was notably
upregulated, whereas Bax expression was downregulated in HeLa and C33A cells
cotransfected with mimic-NC and oe-PIK3AP1; we saw opposite effects in cells trans-
fected with miR-142-5p mimic and oe-NC. Moreover, the expression of Ki67, Bcl-2, and
MMP-9 was significantly increased, while Bax expression was decreased, in HeLa and
C33A cells cotransfected with miR-142-5p mimic and oe-PIK3AP1 compared with find-
ings in cells cotransfected with miR-142-5p mimic and oe-NC (Fig. 5H). The proliferation,
migration, and invasion abilities in HeLa and C33A cells cotreated with miR-142-5p
mimic and LY294002 were strikingly reduced while cell apoptosis was enhanced relative
to those in cells cotreated with miR-142-5p mimic and DMSO. Similarly, proliferation,
migration, and invasion abilities in cells cotreated with oe-PIK3AP1 and LY294002 were
also notably reduced while cell apoptosis was enhanced in comparison with those in
cells cotreated with oe-PIK3AP1andDMSO. Western blot analysis of related proteins
showed that HeLa and C33A cells cotreated with miR-142-5p mimic and LY294002 had
downregulated protein expression of Ki67, Bcl-2, and MMP-9 but upregulated Bax
protein expression compared to those in cells cotreated with miR-142-5p mimic and
DMSO. The cotreatment of HeLa and C33A cells with oe-PIK3AP1 and LY294002 also
resulted in elevated expression of Ki67, Bcl-2, and MMP-9 but decreased Bax expres-
sion compared to those in cells cotreated with oe-PIK3AP1 and DMSO (Fig. 6). Taken
together, the results show that miR-142-5p restrained cell proliferation, migration,
and invasion as well as promoted apoptosis of cervical cancer cells by regulating the
PIK3AP1/PI3K/AKT axis.

Upregulation of miR-142-5p inhibits cervical cancer tumor growth andmetastasis
through mediating the PIK3AP1/PI3K/AKT axis. Finally, we studied the effect of miR-
142-5p on tumorigenesis in nude mice by regulating the axis of PIK3AP1/PI3K/AKT in
vivo. We introduced miR-142-5p antagomir or LY294002 (PI3K/AKT signaling pathway
inhibitor) into the nude mice xenografting with cervical cancer cells. The results of RT-
qPCR showed that the expression of miR-142-5p in nude mice cotreated with miR-142-
5p antagomir and DMSO was notably downregulated compared with that obtained
with antagomir-NC and DMSO treatment. However, the expression of miR-142-5p in
mice cotreated with miR-142-5p antagomir and LY294002 showed no significant differ-
ence compared with that in mice cotreated with miR-142-5p antagomir and DMSO.
Compared with the mice treated with agomir-NC and DMSO, the nude mice cotreated
with miR-142-5p agomir and DMSO exhibited markedly upregulated expression of
miR-142-5p (Fig. 7A). The results of Western blot analysis exhibited that PIK3AP1
expression and phosphorylation levels of PI3K and AKT in nude mice cotreated with
miR-142-5p antagomir and DMSO were all significantly boosted in comparison with
findings in mice cotreated with antagomir-NC and DMSO. However, the expression of
PIK3AP1 was unchanged, while phosphorylation levels of PI3K and AKT were
decreased, in mice cotreated with miR-142-5p antagomir and LY294002 compared
with those in mice cotreated with the miR-142-5p antagomir and DMSO. Compared
with the mice cotreated with agomir-NC and DMSO, the nude mice cotreated with
miR-142-5p agomir and DMSO exhibited a striking reduction in the expression of
PIK3AP1 and phosphorylation levels of PI3K and AKT (Fig. 7B).

The tumor volume and weight of xenografts in mice cotreated with miR-142-5p
antagomir and DMSO were significantly increased compared to those in mice
cotreated with antagomir-NC and DMSO. Moreover, the tumor volume and weight of
xenografts in mice cotreated with miR-142-5p antagomir and LY294002 were notably
decreased in comparison with those in mice cotreated with miR-142-5p antagomir and
DMSO. Compared with the mice cotreated with agomir-NC and DMSO, the nude mice
cotreated with miR-142-5p agomir and DMSO exhibited notably decreased tumor vol-
ume and weight (Fig. 7C and D).

The stably transfected HeLa cervical cancer cells treated with inhibitor-NC, miR-142-
5p inhibitor, mimic-NC, or miR-142-5p mimic were injected into mice via a tail vein. As
revealed in Fig. 7E and F, nude mice injected with HeLa cells expressing miR-142-5p
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inhibitor exhibited an increased number of metastases in the liver and lungs compared
with inhibitor-NC treatment, while opposite effects were observed in response to miR-
142-5p mimic relative to mimic-NC. Taken together, these results show that miR-142-
5p inhibited the growth and metastasis of cervical cancer tumors in vivo by regulating
the PIK3AP1/PI3K/AKT signal axis.

DISCUSSION

Cervical cancer ranks as the fourth most common malignancy diagnosed in women
worldwide, despite knowledge of the link with HPV infection, and there is a serious
problem with access to adequate treatment, especially in developing countries (18).
Cervical cancer screening is essential for early detection and treatment of precancerous
cells and cervical cancer (19), although many women continue to die of this largely
preventable disease (20). The major issues for the limited treatment of cervical cancer
lie in inadequate screening, in conjunction with the inherent invasiveness (21).
Meanwhile, radiation-resistant cervical cancer is likely to cause local recurrence, distant

0 24 48 72
0.0

0.5

1.0

1.5

2.0

Hela

Time (h)

O
D

va
lu

e
(4

50
 n

m
)

miR-142-5p mimic + DMSO
miR-142-5p mimic + LY294002
oe-PIK3AP1 + DMSO
oe-PIK3AP1 + LY294002

*

#

0 24 48 72
0.0

0.5

1.0

1.5

2.0

2.5

C33A

Time (h)

O
D

va
lu

e
(4

50
 n

m
)

miR-142-5p mimic + DMSO
miR-142-5p mimic + LY294002
oe-PIK3AP1 + DMSO
oe-PIK3AP1 + LY294002

*

#

0

10

20

30

40

Hela

Ap
op

to
si

s
ra

te
(%

)

miR-142-5p mimic + DMSO
miR-142-5p mimic + LY294002
oe-PIK3AP1 + DMSO
oe-PIK3AP1 + LY294002

miR-142-5p mimic + DMSO
miR-142-5p mimic + LY294002
oe-PIK3AP1 + DMSO
oe-PIK3AP1 + LY294002

miR-142-5p mimic + DMSO
miR-142-5p mimic + LY294002
oe-PIK3AP1 + DMSO
oe-PIK3AP1 + LY294002

miR-142-5p mimic + DMSO
miR-142-5p mimic + LY294002
oe-PIK3AP1 + DMSO
oe-PIK3AP1 + LY294002

miR-142-5p mimic + DMSO
miR-142-5p mimic + LY294002
oe-PIK3AP1 + DMSO
oe-PIK3AP1 + LY294002

miR-142-5p mimic + DMSO
miR-142-5p mimic + LY294002
oe-PIK3AP1 + DMSO
oe-PIK3AP1 + LY294002

miR-142-5p mimic + DMSO
miR-142-5p mimic + LY294002
oe-PIK3AP1 + DMSO
oe-PIK3AP1 + LY294002

miR-142-5p mimic + DMSO
miR-142-5p mimic + LY294002
oe-PIK3AP1 + DMSO
oe-PIK3AP1 + LY294002

*

#

0

10

20

30

C33A

Ap
op

to
si

s
ra

te
(%

)

*

#

A B

0

50

100

150

200

250

Hela

N
um

be
ro

fm
ig

ra
tio

n
ce

lls

*

#

0

100

200

300

C33A

N
um

be
ro

fm
ig

ra
tio

n
ce

lls

*

#

0

50

100

150

200

Hela

N
um

be
ro

fi
nv

as
io

n
ce

lls

*

#

0

50

100

150

200

C33A

N
um

be
ro

fi
nv

as
io

n
ce

lls

*

#

C D

E

Ki67 Bax Cleaved caspase 3 Bcl-2 MMP-9 Ki67 Bax Cleaved caspase 3 Bcl-2 MMP-9
0

1

2

3

4

Hela

R
el

at
iv

e
pr

ot
ei

n
ex

pr
es

si
on

*

*

* *

#
#

##

*

#

0

1

2

3

4

C33A

R
el

at
iv

e
pr

ot
ei

n
ex

pr
es

si
on

*

*

* *

#
#

#

#

#

*
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metastasis, and reduced survival (22). New evidence suggests that disorders of miRNA
regulation contribute to the development and progression of cervical cancer (23). The
objective of this study was to investigate the effect of miR-142-5p on the PIK3AP1/
PI3K/AKT axis in cervical cancer. These results revealed that overexpression of miR-142-
5p could suppress the progression of cervical cancer through targeting and inhibiting
PIK3AP1 expression via the PI3K/AKT signaling pathway (Fig. 8).

Initially, the study revealed that miR-142-5p was poorly expressed in cervical cancer
and that overexpression of miR-142-5p was conducive to inhibited proliferation, migra-
tion, and invasion of cervical cancer cells and promoted apoptosis. Consistent with our
findings, the expression of miR-142-5p is also reported to be downregulated in cervical
cancer (9). A significant decrease in the level of miR-142-3p has been observed previ-
ously in cervical cancer tissues, and patients with low expression of miR-142-3 have
poor overall survival and progression-free survival (24). Moreover, in human cervical
cancer tissues and a group of cell lines, the expression of miR-142 is significantly down-
regulated, and the overexpression of miR-142 reduces the proliferation and invasive-
ness of representative SiHa and HeLa cells and enhances apoptosis (25). Our next
results showed that the promoter of miR-142-5p was methylated and its expression
was inhibited in cervical cancer. The relations between miR-142-5p and promoter
methylation level have been investigated previously in hepatic biliary atresia, where
the overexpression of miR-142-5p and elevated DNMT1 mRNA level were negatively
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FIG 7 Restoration of miR-142-5p inhibits cervical cancer tumor growth and metastasis through mediating the PIK3AP1/PI3K/AKT axis. (A) miR-142-5p
expression in cervical cancer xenograft tissues of mice was measured using RT-qPCR. (B) The related protein expression of PIK3AP1 and the PI3K/AKT
signaling pathway in cervical cancer tissues of mice was detected using Western blot analysis. (C) The volume of transplanted tumor in nude mice was
examined. (D) The weight of transplanted tumors in nude mice was evaluated (n= 8). *, P, 0.05 versus mice cotreated with antagomir-NC and DMSO; #,
P, 0.05 versus mice cotreated with miR-142-5p antagomir and DMSO; &, P, 0.05 versus mice cotreated with agomir-NC and DMSO. (E) The number of
liver metastases of mice injected with stably transfected HeLa cervical cancer cells treated with inhibitor-NC, miR-142-5p inhibitor, mimic-NC, or miR-142-
5p mimic. (F) The number of lung metastases of mice injected with stably transfected HeLa cervical cancer cells treated with inhibitor-NC, miR-142-5p
inhibitor, mimic-NC, or miR-142-5p mimic (n= 8). *, P, 0.05 versus mice injected with stably transfected cervical cancer cells expressing inhibitor-NC; #,
P, 0.05 versus mice injected with stably transfected cervical cancer cells expressing mimic-NC. Measurement data are expressed as means 6 standard
deviations. ANOVA was conducted for comparison among multiple groups, followed by Tukey’s post hoc test. For data comparison between groups at
different time points, repeated-measurement ANOVA was used, with Tukey’s posttest.
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correlated with DNMT3a/DNMT3b and where upregulation of miR-142-5p strikingly
decreased the overexpression of DNMTs (26). Triclosan-induced miR-142-5p expression
inhibits the P450c17 enzyme by suppressing the JAK1/STAT1 pathway and its down-
stream Sp1/DNMT1/DAX1 cascade (27). Furthermore, the higher the degree of HPV
methylation, the higher the severity of the disease (28), and the gene shows a higher
level of methylation in cervical cancer than that in healthy persons (29).

Next, we found that PIK3AP1 was the downstream target gene of miR-142-5p and
that its expression was elevated in cervical cancer. Concordant with the present results,
PIK3AP1 is known to be involved in a key oncogenic pathway and is upregulated in
the peripheral blood of breast cancer patients (30). PIK3AP1 expression is also elevated
in gastric cancer, and such patients with high PIK3AP1 expression in tumors have a
trend toward poorer survival (13). Our subsequent experiments showed that restora-
tion of miR-142-5p targeted and inhibited the expression of PIK3AP1 to restrain prolif-
eration, migration, and invasion of cervical cancer cells and enhance apoptosis.
Conversely, a previous study showed that depletion of miR-142-5p could directly regu-
late CYR61 expression to promote tumor metastasis in gastric cancer (31). We now
report that miR-142-5p inhibited the proliferation, migration, and invasion of cervical
cancer cells and promoted their apoptosis by regulating the PIK3AP1/PI3K/AKT axis.
Consistent with our results, PIK3AP1 and AKT gene expression are positively correlated
during the immune inflammatory response of GES-1 cells induced by Helicobacter
pylori (12). Apart from that, ARHGAP17 inhibits tumor progression by inhibiting the
PI3K/AKT signaling pathway in cervical cancer (15). Activation of MAPK, PI3K/AKT, and
hTERT signaling promotes tumor growth and metastasis and regulates radiosensitivity
to cervical cancer (16). In our final experiments, we confirmed in vivo that miR-142-5p
elevation repressed the growth of xenograft via suppressing PIK3AP1/PI3K/AKT expres-
sion. To sum up, overexpression of miR-142-5p could suppress the progression of cervi-
cal cancer through inhibiting the PIK3AP1/PI3K/AKT axis. This study offers a new

0000000000000000
0000

Cervical Cancer Cell

00000000

FIG 8 Possible molecular mechanism of miR-142-5p in the development of cervical cancer through
mediating the PIK3AP1/PI3K/AKT axis.
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perspective on potential targeted therapy of cervical cancer and sets the stage for fur-
ther elucidation and targeted prevention.

MATERIALS ANDMETHODS
Ethical statement. The study protocol was approved by the Ethics Committee of West China

Second University Hospital and conducted in compliance with the Declaration of Helsinki. The experi-
ments involving animals were performed in accordance with the principles for laboratory animals of the
National Institutes of Health.

Collection of tissue samples. In this study, we recruited 30 patients with cervical cancer who under-
went surgery in Sichuan Integrative Medicine Hospital from August 2013 to September 2015. Tissue
specimens, including paired cervical cancer tissues and normal adjacent tissues, were collected. All
patients had diagnosis confirmed by the pathology department. Tissue specimens were placed at –80°C
immediately after surgery for subsequent studies.

Cell culture and grouping. Normal cervical immortalized epithelial cell line END1/E6E7 and cervical
cancer cell lines HeLa, C33A, and SiHa were purchased from the American Type Culture Collection
(ATCC; Manassas, VA). These cells were cultured in Dulbecco’s modified Eagle medium (DMEM) contain-
ing 1% penicillin and streptomycin and 10% fetal bovine serum (FBS), in a constant-temperature incuba-
tor at 37°C with 5% CO2, and passaged every 2 to 3 days until they reached the logarithmic growth
stage.

Cervical cancer cells were transfected using a Lipofectamine 2000 (Invitrogen, Carlsbad, CA) kit
(11668019; Thermo Fisher Scientific, Madison, WI) with NC mimic (negative-control plasmids of miR-142-
5p mimic), miR-142-5p mimic (miR-142-5p mimic plasmids), NC inhibitor (negative-control plasmids of
miR-142-5p inhibitor), miR-142-5p inhibitor (miR-142-5p inhibitor plasmids), oe-NC (negative-control
plasmids of overexpressed PIK3AP1), or oe-PIK3AP1 (overexpressed PIK3AP1 plasmids). Then, the unin-
fected cervical cancer cells or stably transfected cervical cancer cells were cotreated with 7.5mM 5-Aza-
dC, DMSO, or 100 ng/ml of LY294002 for inhibition of the PI3K/AKT signaling pathway. All the mimics
and inhibitors were synthesized, plasmid vectors were constructed, and the sequencing was identified
and tested by Guangzhou Ribobio Biotechnology Co., Ltd. (Guangzhou, China). In brief, 4mg of the tar-
get plasmid and 10ml of Lipofectamine 2000 were diluted with 250ml of serum-free Opti-MEM medium
(Gibco, Carlsbad, CA) and mixed. The mixture was left at room temperature for 5min, mixed evenly for
20min, and added into the culture well after 20min. The culture well was then placed in a 37°C, 5% CO2

incubator for 6 h. The medium was replaced with the complete medium, and culture continued for 48 h
prior to collection of the cells to measure the transfection efficiency for subsequent experiments.

RT-qPCR. TRIzol (Invitrogen) was used to extract total RNA from tissues and cells, and the total RNA
concentration and purity were detected by a NanoDrop 2000 trace UV spectrophotometer (1011U;
Nanodrop Technologies, Wilmington, DE). According to the instructions of the TaqMan microRNA assay
reverse transcription primer kit (4427975; Applied Biosystems, Waltham, MA), RNA was reverse tran-
scribed to generate cDNA, and primers of miR-142-5p were designed. The sequence was synthesized by
TaKaRa Bio (Table 1). A Fast SYBR green PCR kit (Applied Biosystems) was used to prepare the reaction
system, and real-time fluorescent quantitative PCR detection was performed using an ABI7500 quantita-
tive PCR instrument (Applied Biosystems). U6 was considered the internal reference. The threshold cycle
(22DDCT) method was adopted to calculate relative transcription levels of target genes, which were
expressed as DDCT = DCT experimental group 2 DCT control group, DCT = CT (target gene) 2 CT (internal
reference). The relative transcription level of target gene mRNA=22DDCT. Three parallel wells were set
for each sample, and each experiment was repeated three times.

Western blot analysis. Radioimmunoprecipitation assay lysate containing phenylmethanesulfonyl
fluoride (P0013C; Beyotime Biotechnology, Shanghai, China) was used to extract the total protein in the
tissues or cells. Then, the proteins were incubated on ice for 30min at 4°C and centrifuged at 8,000 � g
for 10min, and the supernatant was removed. The total protein concentration was detected with the
bicinchoninic acid disodium kit. Next, 50-mg portions of protein were dissolved in 2� sodium dodecyl
sulfate (SDS) loading buffer. After boiling for 5min, the samples were subjected to SDS-polyacrylamide
gel electrophoresis, transferred to a polyvinylidene fluoride (PVDF) membrane, and blocked with 5%
skimmed milk powder at room temperature for 1 h. Then, the PVDF membrane was coincubated at 4°C
overnight with the following diluted primary antibodies: rabbit anti-PIK3AP1 (ab237629, 1:1,000), PI3K

TABLE 1 RT-qPCR primer sequencesa

Target Primer sequence (59–39)
miR-142-5p (human) F: 59-AACTCCAGCTGGTCCTTAG-39

R: 59-TCTTGAACCCTCATCCTGT-39
U6 (human) F: 59-GCTTCGGCAGCACATATACTAAAAT-39

R: 59-CGCTTCACGAATTTGCGT-39
miR-142-5p (mouse) F: 59-CGCGCGCATAAAGTAGAAAGCAC-39

R: 59-GTCGTATCCAGTGCAGGGTCCGAGGTATTC-39
U6 (mouse) F: 59-CTCGCTTCGGCAGCACA-39

R: 59-AACGCTTCACGAATTTGCGT-39
amiR-142-5p, microRNA-142-5p; U6, U6 snRNA; F, forward; R, reverse.
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(number 4257, 1:1,000; CST, Beverly, MA), p-PI3K (no. 4228, 1:1,000; CST), AKT (ab8805, 1:500), p-AKT
(ab38449, 1:800), Ki67 (ab92742, 1:1,500), Bax (ab32503, 1:1,000), cleaved caspase 3 (ab32042, 1:500),
Bcl-2 (ab182858, 1:2,000), MMP-9 (ab38898, 1:1,000), DNMT1 (ab188453, 1:10,000), DNMT3a (ab188470,
1:2,000), DNMT3b (ab79822, 1:1,000), and glyceraldehyde-3-phosphate dehydrogenase (GAPDH; ab9485,
1:2,500). Antibodies were from Abcam (Cambridge, UK) except where indicated. The membrane was
washed 3 times with Tris-buffered saline with Tween 20 (TBST) for 10min each time and then incubated
with horseradish peroxidase (HRP)-labeled secondary antibody goat anti-rabbit immunoglobulin G (IgG)
H&L (ab97051, 1:2,000; Abcam) for 1 h. Afterwards, the membrane was rinsed with TBST, developed
using an ECL fluorescence detection kit (BB-3501; Amersham, Little Chalfont, UK), exposed using a Bio-
Rad image analysis system (Bio-Rad, Hercules, CA), and analyzed by Quantity One v4.6.2 software. The
relative protein content was expressed by the gray value of the corresponding protein band/the gray
value of the GAPDH protein band. The experiment was repeated three times and averaged.

CCK-8. The proliferation of HeLa and C33A cells was detected with a CCK-8 kit (CK04; Dojindo,
Kumamoto, Japan). Cervical cancer cells in the logarithmic growth phase were selected and seeded at a
density of 2� 103/well in 96-well plates for preculture for 24 h, whereupon the cells were transfected.
After transfection for 48 h, 10 ml of CCK-8 reagent was added at 0, 24, 48, and 72 h and incubated at
37°C for 4 h. The absorbance values of the wells at the wavelength of 450 nm were measured using a
microplate reader. The values were proportional to the cell proliferation in the medium, and the cell
growth curve was accordingly plotted.

Transwell assay. Cervical cancer cells to be tested were put into the upper chamber of Transwell
culture chamber (3413; Beijing Unique Biotechnology Co., Ltd., Beijing, China). Then, the cells were incu-
bated at 37°C for 4 to 5 h. The transfected cells were diluted with 100ml of serum-free medium to form
cell suspension (1� 106 cells/ml). After seeding, 600ml of DMEM containing 20% FBS was added into the
lower chamber. Three parallel wells were set for each group. After incubation for 24 h at 37°C under 5%
CO2, the upper surface cells of the membrane were wiped with cotton balls, and the remaining cells
were fixed with 5% glutaraldehyde, stained with 0.1% crystal violet for 5min at 4°C, and observed under
an inverted fluorescence microscope (TE2000; Nikon, China), with counting in 4 or 5 visual fields.
Matrigel gel (YB356234; Shanghai Yu Bo Biotech Co., Ltd., Shanghai, China) was added to the Transwell
plate chamber for the invasion experiments, with other operations unchanged.

Flow cytometry. After transfection with cervical cancer cells in each group for 48 h, trypsin without
EDTA was used to detach the cells. Then, the cells were collected in flow tube and centrifuged, and the
supernatant was discarded. The cells were washed 3 times with cold phosphate-buffered saline (PBS),
and the supernatant was separated by centrifugation. Annexin V-fluorescein isothiocyanate (FITC)-polyi-
mide (PI) staining solution was prepared with annexin V-FITC, PI, and HEPES buffer solution at a volume
ratio of 1:2:50, in line with instructions in the annexin V-FITC apoptosis assay kit (C1065; Beyotime
Biotechnology). Next, cells were resuspended with the staining solution (1� 106 cells/100ml) supple-
mented with 1ml of HEPES buffer and incubated at room temperature with oscillation for 15min. The
excitation wavelength was recorded at 488 nm with a flow cytometer, and the fluorescence of FITC and
PI was detected by 525-nm and 620-nm band-pass filters, respectively, for detection of apoptosis. The
experiment was repeated three times.

MS-PCR. The genomic DNA of cervical cancer tissues and cells was extracted by using the genomic
DNA extraction kit of TIANGEN (Beijing, China) according to the instructions of the kit. The DNA concen-
tration and purity were determined by UV spectrophotometry, and the DNA was stored at –80°C for later
use. An EZ DNA methylation kit (Zymo Research, Irvine, CA) was used to treat the DNA with sodium sul-
fite, followed by desulfurization and purification by a reaction column. The purified DNA was used for
subsequent PCRs. Methylated and nonmethylated primers were designed for the enrichment area of the
miR-142-5p gene promoter CPG island (Table 2). The reaction products were analyzed by agarose gel
electrophoresis, gel electrophoresis imaging, and an image analysis system. Each experiment was
repeated three times.

ChIP. When confluence reached 70 to 80%, the cervical cancer cells were fixed with 1% formalde-
hyde at room temperature for 10min to cross-link the DNA and protein. After cross-linking, the cells
were randomly broken by ultrasonic treatment, with 15 cycles at intervals of 10 s to break into fragments
of appropriate size. After centrifugation at 13,000 rpm and 4°C, the supernatant was collected and di-
vided into two tubes, to which were added negative-control antibody rabbit anti-IgG (ab172730, 1:100;
Abcam) and target protein-specific antibodies DNMT1 (ab13537, 1:100; Abcam), DNMT3a (ab2850, 1:100;
Abcam), and DNMT3b (ab2851, 1:100; Abcam), and incubated overnight at 4°C. Protein agarose-
Sepharose chromatography was used to precipitate endogenous DNA-protein complexes. After a brief
centrifugation, the supernatant was absorbed and the nonspecific complexes were washed, de-cross-
linked at 65°C overnight, extracted in phenol-chloroform, and purified to recover DNA fragments,

TABLE 2 Primer sequences

Gene Primer sequence (59–39)
miR-142-5p-M F: AGTTATCGTTTATAAGGTTTAGGGC

R: CACTATCTATCTATCCGTCGACGTA
miR-142-5p-U F: TTATTGTTTATAAGGTTTAGGGTGG

R: CACTATCTATCTATCCATCAACATA
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followed by detection of the enrichment of DNMT1, DNMT3a, and DNMT3b in the promoter region of
the miR-142-5p gene.

Dual-luciferase reporter gene assay. A website (Starbase2 [http://starbase.sysu.edu.cn/starbase2/])
was used to predict that PIK3AP1 may be the downstream regulatory gene of miR-142-5p. Human em-
bryonic kidney HEK293T cells were cultured in DMEM containing 10% FBS at 37°C with 5% CO2. The
cDNA fragment of the PIK3AP1 39 UTR (PIK3AP1-Wt) containing the binding site of miR-142-5p was
inserted into the pmirGLO vector. The PIK3AP1 39 UTR cDNA fragment (PIK3AP1-Mut) was synthesized
by point mutation and inserted into the pmirGLO vector, with verification of the inserted sequences by
sequencing. The recombinant vector pmirGLO-PIK3AP1-Wt or pmirGLO-PIK3AP1-Mut was cotransfected
into HEK293T cells with miR-142-5p mimic (miR-142-5p overexpression sequence) or NC mimic (nega-
tive-control sequence) by the liposome transfection method, and the cells were incubated for 48 h
before being collected and lysed. Next, 100ml of lysate supernatant was taken and added with 100ml of
Renilla luciferase detection working solution to detect Renilla luciferase activity. In addition, 100ml of
lysate supernatant was taken and added with 100ml of firefly luciferase detection reagent, followed by
mixing and detection of the firefly luciferase activity. A multifunctional SpectraMax M5 microplate reader
(Molecular Devices, Shanghai, China) was used for this purpose, with the interval set to 2 s and the mea-
surement time at 10 s to detect Renilla luciferase activity and firefly luciferin enzyme activity.

Construction of mouse model. Forty specific-pathogen-free (SPF)-grade female BALB/c nude mice
(aged 6weeks, weighing 15 to 18 g) were purchased from Shanghai SLAC Laboratory Animal Co., Ltd.
(Shanghai, China). HeLa cervical cancer cells in the logarithmic growth phase were prepared into a cell
suspension with a concentration of about 1� 107 cells/ml. The prepared cell suspension was injected
into the skin of the left underarm of nude mice with a 1-ml syringe to establish the subcutaneous xeno-
graft model of nude mice. When the tumor tissue volume reached 50 mm3, the nude mice were ran-
domly divided into 5 groups with 8 mice in each group. NC antagomir plus DMSO, miR-142-5p anta-
gomir plus DMSO, or miR-142-5p antagomir plus LY294002 was injected into subcutaneous
xenografts in nude mice. The mice were injected with 10 nmol of NC antagomir, 10mg/kg (of body
weight) of DMSO, 10 nmol of miR-142-5p antagomir, or 10mg/kg of LY294002. All groups of mice
were subjected to the injections once a week for 5 weeks, whereupon they were euthanized. The
subcutaneous transplanted tumor was removed and weighed, and the tumor tissues were extracted
for Western blot analysis.

Thirty-two SPF female BALB/c nude mice (6weeks, 15 to 18 g) were purchased from Shanghai SLAC
Laboratory Animal Co., Ltd., and raised in an SPF environment. The nude mice were randomly divided
into 4 groups with 8 mice in each group. Next, the stably transfected HeLa cervical cancer cells treated
with inhibitor-NC, miR-142-5p inhibitor, mimic-NC, or miR-142-5p mimic were constructed. Stably trans-
fected cells (1� 106 cells/ml) were resuspended in 100ml of normal saline and injected into mice via a
tail vein. Seven weeks later, the BALB/c nude mice were euthanized, and the number of lung and liver
metastases was counted.

Bioinformatic analysis. Correlation between miR-142 expression and methylation level in cervical
cancer was analyzed through the LinkOmics database (http://www.linkedomics.org/admin.php). The cor-
relation between miR-142-5p and cervical cancer survival was analyzed using the miRpower database
(http://kmplot.com/analysis/index.php?p=service&cancer=pancancer_mirna). The cervical cancer expres-
sion database GSE63514 was obtained through the GEO database (https://www.ncbi.nlm.nih.gov/geo/),
which included 24 normal samples and 28 tumor samples, in which the normal samples were taken as
NC. The R language limma package was used for differential expression analysis, and the false-discovery
rate (FDR) method was used to correct P values, with absolute log fold change (jlogFCj) of .1 and
adjusted P value (adj.P) of ,0.05 as the screening criteria for differentially expressed genes. The expres-
sion of PIK3AP1 in TCGA cervical cancer was retrieved using the UALCAN database (http://ualcan.path
.uab.edu/analysis.html), and the binding sites of miR-142-5p and PIK3AP1 were predicted using
Starbase2 (http://starbase.sysu.edu.cn/starbase2/).

Statistical analysis. Statistical analysis was conducted by SPSS 21.0 (IBM, Armonk, NY). The mea-
surement data were expressed as means 6 standard deviations. The paired t test was used to com-
pare the carcinoma and adjacent tissues. The data comparison between multiple groups was per-
formed using one-way analysis of variance (ANOVA), followed by Tukey’s post hoc test. For data
comparison between groups at different time points, repeated measurement ANOVA was used, fol-
lowed by Tukey’s post hoc test. A P value of ,0.05 indicated that the difference was statistically
significant.

Data availability. The data sets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.
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