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Abstract
Cervical cancer is the third most common gynecologic cancer in the world. Exploration of the molecular mechanism underlying
cervical cancer pathogenesis will provide new insights into the development of novel therapies. In this study, we were aimed to
characterize a novel miRNA in cervical cancer tumorigenesis. First, we measured the expressional change of miR-144-3p in
clinical tissues and cancer cells. Second, we employed cell proliferation, cell migration, and invasion assays to understand its
functional role in cervical cancer. Then, we confirmed in vitro findings in xenograft cancer model. Last, we mapped out a
downstream target of miR-144-3p and validated its functional role in cancer cells. In the results, miR-144-3p was found
significantly downregulated in cervical cancer cells and tissues. Over-expressing miR-144-3p suppressed cancer cells growth
and metastasis. Consistent with in vitro results, over-expressing miR-144-3p led to tumor growth inhibition in vivo. Further on,
MAPK6 was identified as an endogenous target of miR-144-3p in cervical cancer. Knocking down MAPK6 inhibited cervical
cancer cells proliferation, migration, and invasion potential. Our investigation was the first time to report miR-144-3p as a tumor
suppressive miRNA in cervical cancer. It inhibited tumor growth by targeting MAKP6. The newly identified signalling axis may
serve as novel therapeutic targets to manage cervical cancer.
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Introduction

Cervical cancer is one of the major causes of cancer
death among the women worldwide. About 90% of the
deaths caused by cervical cancer were reported from
developing countries. It is estimated about 530,000
new cases diagnosed annually. The average age as being
diagnosed is 47 years [23]. Most cervical cancers are
caused by human papilloma virus (HPV) infection.
Viral DNA can integrate into the host genome DNA
to activate oncogenic transformation. There are more
than 100 subtypes of HPV. Among them, HPV16 and
HPV18 are most commonly associated with the occur-
rence of cervical cancer. Other than HPV infection, age,

smoking, using oral contraceptives, and exposure to
diethylstilboestrol may be associated with increased risk
of developing cervical cancer [5, 12].

It takes 10–15 years before cervical intraepithelial neopla-
sia turns into invasive cancer. Detecting the cervical neoplasia
at the early stage usually lead to a better management to pre-
vent and treat the development of cervical cancer. The discov-
ery of the link between HPV infection and cervical cancer
leads the invention of prophylactic vaccination. Since then,
the prophylactic vaccination is becoming the primary preven-
tion approach to reduce the morbidity and mortality of cervi-
cal cancer [12, 20]. The standard treatments for cervical can-
cer patients (FIGO stage IA-IB1) include lymph node dissec-
tion, radical hysterectomy, and radiation alone or with chemo-
therapy. For patients with cervical cancer at advanced stage,
the most effective approaches are external beam radiotherapy
in combination with cisplatin-based chemotherapy. However,
in many developing countries, the current 3-year to 5-year
survival rate in cervical cancer patients, for all stages com-
bined, is still less than 50%. To further understand the biolog-
ical mechanisms regulating the tumorigenesis of the cervical
tissue will inspire more prevention or treatment strategies to
improve the cure rate of cervical cancer in all stages [20, 23].
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The key HPV proteins that induce the oncogenesis of host
cells are E6 an E7. The expression of E6 and E7 in host cells
inactivates p53 and pRB pathways to initiate the tumorigene-
sis. In addition to these classic pathological mechanisms,
mounting evidence has suggested epigenetic regulation also
plays a key role cervical carcinogenesis. These oncogenic
events at epigenetic level include DNAmethylation or histone
modification that alter the transcriptional regulation of onco-
genic or tumor suppressive genes or non-coding RNAs in-
cluding lncRNAs or miRNAs that regulate post-
transcriptionally the key signalling molecules in controlling
the growth or development of tumors in cervical tissue [9].
MiRNAs are small non-coding RNA molecules containing
about 22 nucleotides. They function in RNA silencing and
post-transcriptional regulation. The dysregulated miRNA ex-
pression has been reported frequently as being associated with
tumorigenesis mechanism in various cancers [11, 21]. Many
newly identified miRNAs in cancers have been proposed as
potential biomarkers or intervention targets. In cervical cancer,
aberrant miRNA expression profiles have been revealed in
multiple studies [6]. Functional studies have confirmed many
miRNAs such as miR-10a, miR-21, miR-196a, miR-125a, or
miR-183 can act as either oncogenic or tumor-suppressive
factors to control cervical carcinogenesis [7, 8, 13, 18, 27].
In addition, HPV infection may also module the expression of
miRNAs in host cells that forms an epigenetic mechanism for
tumor transformation [22].

In our study, we investigated miR-144-3p, as a new
epigenetic factor in regulating tumorigenesis of cervical
cancer. The expressional level of the miRNA in cervical
cancer was first evaluated in cells and patient tissues.
Functional characterization of the miRNA was done with
cancer cell lines and in vivo xenograft model. We also
proposed a novel endogenous target of miR-144-3p here.
The functional significance of this novel factor in cervical
cancer was established in the cancer cell model.

Methods

Cell culture

Human cervical cancer lines Hela, C33A, HT-3, ME-180,
HCC94, and MS751 were obtained from ATCC. They
were grown in DMEM supplemented with 10% fetal bo-
vine serum at 5% CO2/37 °C. Primary normal cervical
squamous cells (NCSC) were isolated from adjacent non-
tumor sites of cervical tissues from the patients with in-
formed consent. They were grown in serum-free
keratinocyte growth medium supplemented with bovine
pituitary extract, epithelial growth factor, and antibiotics
(Invitrogen, Waltham, MA, USA). The cells were pas-
saged every 2 to 3 days. Short-tandem repeat profiling of

human cell lines was performed to confirm the identity of
the cells. No cross-contaminated or genetically drifted
cells were found.

Clinical cervical cancer tissue specimens

Clinical evaluation of miR-144-3p expression in human cer-
vical tumor tissues was approved by the Ethical Committee of
Heze Municipal Hospital. A total of 23 cancer patients were
enrolled and the informed consent was obtained. The tumor
and the adjacent non-tumor tissues were harvested for the pair
comparison.

Real-time PCR analysis

Total RNA was extracted using Trizol method, and cDNA
library was made using high capacity cDNA archive kit from
Applied Biosystems according the standard protocol.
Transcript expression of miR-144-3p (Forward: 5′-ACAC
TCCAGCTGGGTACAGTA-3 ′ ; Reverse, 5 ′-CTCA
ACTGGTGTCGTG-5′) and U6 (Forward: 5 ′-CTCG
CTTCGGCAGCACA - 3 ′ ; R e v e r s e : 5 ′ - AACG
CTTCACGAATTTGCGT-3′) was measured by SYBR green
real-time PCR. The real-time PCR was performed on
QuantStudio real-time PCR platform (Applied Biosystems,
Waltham, MA, USA) following manufacturer’s instruction.

miRNA mimic and siRNAs

miRNA-144-3p mimic and the scramble control were ordered
from mirVana™ Libraries (Thermo Fisher Scientific,
Waltham, MA, USA). miRNAs were transfected into cells
with Lipofectamine 2000 reagent following the manufac-
turer’s manual. siRNA against MAPK6 and scramble control
were synthesized and validated by Dharmacon. The siRNA
was transfected with Lipofectamine® RNAiMAX reagent ac-
cording to manufacturer’s instruction.

Cell proliferation assay

The cell growth rate was monitored with Cell Counting Kit-8
following manufacturer’s instruction. Briefly, 6000 cells were
plated into a single well of a 96-well plate. CCK-8 reagent was
added to the well 3 h before the measurement. The cell pro-
liferation curves were plotted by determining the absorbance
at 450 nm in a plate reader at the indicated time point.

Cell migration assay

The assay was performed in CytoSelect™ 24-Well Cell
Migration kit from CellBiolabs following the manufacturer’s
instruction. Briefly, cells were placed at 25,000 cells per well
in the top chamber. Cell growth medium–supplemented 10%
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FBS was used as a chemoattractant in the bottom chamber.
Twenty-four hours later, migratory cells passing through poly-
carbonate membrane into the lower well were quantified using
CyQuant® GR fluorescent dye in a plate reader.

Cell invasion assay

The assay was performed in CytoSelect™ 24-Well Cell
Invasion kit from CellBiolabs following the manufacturer’s
instruction. The upper surface of the insert membrane is coat-
ed with a uniform layer of dried Bovine Type I Collagen
matrix. Briefly, cells were placed at 25,000 cells per well in
the top chamber. Cell growth medium–supplemented 10%
FBS was used as a chemoattractant in the bottom chamber.
Twenty-four hours later, the invaded cells into the insert mem-
brane were stained and quantified in a plate reader at OD
560 nm.

Luciferase assay

We cloned the 3′-UTR of MAPK6 containing predicted miR-
144-3p targeting site (Fig. 3a) to the downstream of the firefly
luciferase gene in the vector (pMIR-REPORT) as denoted
WT. And we mutated the miR-144-3p targeting sequence in
WT to create MUT vector (Fig. 3a).

miR-144-3p mimics or scramble control were transfected
into Hela cells expressing either WT or MUT and Renilla
Luciferase vector (pRL-SV40). The luciferase activities were
quantified by the Dual-Luciferase® Reporter (DLR™) Assay
System in a microtiter reader according to standard protocol.

Western-blotting analysis

Protein expression was analyzed by western-blotting based on
standard method. Briefly, cells were collected in RIPA buffer
supplemented with proteases inhibitors cocktail. Protein con-
centration was determined by BCA assay. Forty micrograms
of protein lysate was denatured and heated in LDS sample
buffer (Life Technologies, Pleasanton, CA, USA) and frac-
tionated in 12% SDS/PAGE. The fractionated protein was
then transferred to a nitrocellulose membrane. The mem-
branes were probed with the primary antibodies in 1:1000
dilution. The target protein level was measured with
SuperSignal West Pico PLUS chemiluminescent kit.
MAPK6 and ACTINB antibodies were obtained from Cell
Signaling.

Xenograft experiment in mice

The experimental procedure was described in Tang et al. [24].
Briefly, Hela cells were transfected with either miR-144-3p or
its scramble. Twenty-four hours later, the cells were harvested
and counted. After washed with PBS, the cells were

suspended at a concentration of 2 × 107 cells/ml. Rag (−/−)
mice aged 6 weeks were used for our xenograft study. The
cells of 50 μl were injected to either flank of the subject sub-
cutaneously: one side for miR-144-3p transfected cells and the
other side for the control. The mice were fed and monitored
for 3 weeks before sacrificed. The tumors were harvested and
measured by weight. The animal studies complied with Guide
for the Care and Use of Laboratory Animals (8th edition, NIH)
and was approved by the Animal Study Ethics Committee of
Heze Municipal Hospital.

Statistical analysis

The data were shown as the means ± SDs. The differences
between the groups were analyzed using Student’s t test. If
more than two experimental groups were involved, the exper-
imental differences were analyzed by one-way ANOVA anal-
ysis. Only p < 0.05 was considered significant.

Results

miRNA-144-3p was downregulated in cervical cancer
cells and tumor tissues

To examine the level of miR-144-3p in cervical cancer, we
firstly performed real-time PCR analysis of miR-144-3p in six
common human cervical cancer cell lines: Hela, C33A, HT-3,
ME-180, HCC94, and MS751. We also included three prima-
ry normal cervical squamous cells (NCSC) to establish the
expressional baseline of miR-144-3p. As shown (Fig. 1a),
miR-144-3p was downregulated significantly in all six cancer
cell lines. In Hela and HCC94 cells, miR-144-3p was reduced
by more than twofold. To validate downward trend of miR-
144-3p expression in cervical cancer, we performed tissue
analysis on 23 human cervical cancer samples. The change
was determined by comparing the miRNA expression at the
tumor sites with that from the adjacent non-tumor tissues. As
shown (Fig. 1b), the normalized expression of miR-144-3p
showed a significant reduction in tumor tissues. The studies
in cells and cancer tissues both indicated a potential role of
miR-144-3p in tumorigenesis of cervical cancer.

miRNA-144-3p inhibited cervical cancer in vitro

Next, we proceeded to characterize the function of miR-144-
3p in cervical cancer. Since miR-144-3p expressed at lowest
levels in Hela and HCC94, we chose these two lines as the
experimental models and restore the expression of miR-144-
3p by transfecting miR-144-3p mimic. First, we examined the
cell growth through 72 h. As shown (Fig. 2a), the expression
of miR-144-3p markedly reduced the proliferating rates of
Hela and HCC94. Second, we examined their migratory
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potential in a trans-well system without matrix layer. As
shown (Fig. 2b), the migratory capabilities of Hela and
HCC94 were greatly reduced by miR-144-3p over-expres-
sion. Last, we also measured the invasive properties of the
transfected cells. Since collagens are the most constituents
in cervical ECM tissue, we chose type I collagen-based
matrix to evaluate the cells invasive potential. As shown
(Fig. 2c), the percentages of number of invasive cells in the
matrix were significantly decreased in both lines
transfected with miR-144-3p. The representative staining
figures were shown in Fig. 2d. In summary, these results
indicated miR-144-3p inhibited the growth and metastatic
potential of cervical tumor cells.

miRNA-144-3p inhibited cervical cancer in vivo

To study the anti-tumor effect of miR-144-3p in vivo, we
sought to use xenograft model. Hela cells were transfected
with either control miRNA or miR-144-3p. The
transfected cells were then inoculated in nude mice.
Three weeks later, the tumor were collected and weighted.
As shown (Fig. 3a), average tumor size from the sites
inoculated with Hela cells expressing miR-144-3p was
markedly smaller than that inoculated with cells
transfected with miRNA control. The representative image
comparing the tumors from two different inoculation con-
ditions is shown in Fig. 3b. Therefore, in vivo experiment

Fig. 1 miRNA-144-3p is
suppressed in cervical cancer cells
and tumor tissues. a The
comparison of miRNA-144-3p
expression levels in cervical can-
cer lines (Hela, HT-3, C33A, ME-
180, HCC94, and MS751) and
primary normal cervical squa-
mous cells (NCSC) from three
donors. The representative result
from three independent experi-
ments was shown. b The expres-
sional levels of miR-144-3p in 23
cervical tumor tissues and the
matched non-tumor tissues were
quantified by real-time PCR.
(**p < 0.01, significantly differ-
ence from the control in a
pairwise Student’s t test)
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further supported the tumor suppressive function of miR-
144-3p in cervical cancer model.

MAPK6 was identified as downstream target
of miR-144-3p

Next, we sought to elucidate the downstream target of miR-
144-3p in cancer cells. The prediction result from TargetScan
[1] suggested 3′UTR of MAPK6 carries a conserved miR-
144-3p binding site (Fig. 4a). To test there is a direct binding
of miR-144-3p to 3′UTR ofMAPK6, we cloned the 3′UTR of
MAPK6 containing the miRNA targeting site to the down-
stream of luciferase reporter gene–denoted WT vector. In
comparison, the miRNA targeting site was mutated in MUT
vector. We co-transfected Hela cells with the luciferase gene

reporters (WT or MUT) with either scramble or miR-144-3p.
As shown (Fig. 4b), luciferase gene activity from WT vector
was suppressed greatly by miR-144-3p but not scramble
miRNAs, suggesting miRNA-144-3p bound directly to 3′
UTR ofMAPK6. InMUT vector, miR-144-3p failed to inhibit
the luciferase activity, suggesting the binding of miRNA to 3′
UTR was interrupted by the mutation. In the next experiment,
we proceeded to examine the expressional regulation of
miRNA-144-3p on MAPK6 at protein level. Hela cells were
transfected with miR-144-3p or control miRNA. TheMAPK6
expression was then measured by western blotting. Agreeing
with the result from luciferase assay, miR-144-3p downregu-
lated protein expression of MAPK6 in cells (Fig. 4c). Taken
together, we confirmed MAPK6 was an endogenous target of
miRNA-144-3p.

Fig. 2 miRNA-144-3p inhibits cervical cancer in vitro. a Cell
proliferation study of Hela or HCC94 transfected with either miRNA-
144-3p or miRNA scramble control. Forty-eight hours after transfection,
the growth rate of cells was monitored using CCK-8 kit for 72 h. b Cell
migration study of Hela or HCC94 transfected with either miRNA-144-
3p or miRNA scramble control. The cell migration potential was mea-
sured with CytoSelect™ 24-Well Cell Migration assay. The migrated
cells were stained with CyQuant® GR dye and quantified in a

fluorescence plate reader. c Cell invasion potential of transfected cells
was measured with CytoSelect™ 24-well cell invasion assay with type
I collagen-based matrix. The cells in the membrane were stained and
quantified at OD 560 nm. d The representative image of invasive cells
at the bottom of the matrix membrane. The representative results from at
least three independent experiments were shown. The data were presented
as means ± S.D. of at least three independent experiments. (*p < 0.05,
**p < 0.01, ***p < 0.001 as compared with control)
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Last, we wanted to confirm MAPK6 also carried a func-
tional role in tumorigenesis of cervical cancer. We transfected
HCC94 cells with MAPK6 siRNA or scramble control. The
knockdown efficiency was high as shown in Fig. 5a. The
transfected cells were first monitored on their proliferation
rates. As shown (Fig. 5b), knocking down MAPK6 reduced
the proliferative potential of HCC94. Second, we proceeded to
measure cell migration capacity. As shown (Fig. 5c), cells
transfected with HCC94 showed reduced migration potential.
Last but not least, knocking down MAPK6 also dampened

cell invasion rate in the type I collagen–based matrix of the
transwell system (Fig. 5d). In summary, these results suggested
MAPK6 was an oncogenic factor in cervical cancer cells.

Discussion

In this report, we have characterized the novel function of
miR-144-3p in cervical cancer. Both cell culture and animal
studies suggest miR-144-3p could act as a tumor suppressor in

Fig. 3 miRNA-144-3p inhibits
cervical cancer in vivo. a Statistic
analysis of tumor growth of Hela
xenograft in mice. Hela cells
transfected with miR-144-3p or
miRNA scramble control were
inoculated on either flank of the
same nude mice (n = 6). Three
weeks later, xenografts were ex-
cised and weighted. b The com-
parison of tumors excised from
xenograft models. The represen-
tative image was shown. The data
were presented as means ± S.D. of
at least three independent experi-
ments. (*p < 0.05, **p < 0.01,
***p < 0.001 as compared with
control)

148 Wu et al.



the pathogenesis of cervical cancer. Over-expression of miR-
144-3p inhibits cancer cells in culture and xenograft model.
The suppression of miR-144-3p is also detected in both cancer
lines and patients’ sample tissues. Further evaluation reveals
MAPK6 is an endogenous target of miR-144-3p and may
contribute to tumor cells migration and invasion. This novel
signalling axis identified in cervical cancer provides a new
insight from tumorigenesis to therapy.

The most characterized causative factor of cervical cancer
is HPV infection. Mounting evidences also reveal the genetic
and epigenetic changes in the host can also promote the cancer
progression or initiate the tumorigenesis process. Aberrant
miRNA expression has been associated with cervical cancer
in multiple studies [3, 10]. Wang X et al. reported an aberrant
miRNA expression profile containing and proposed a list of

tumor-suppressive and oncogenic miRNA candidates in cer-
vical cancer development [25]. In the study, miRNAs differ-
entially expressed in cervical cancer were analyzed by micro-
array assay in five pairs of age-matched cancerous and normal
cervical tissues. Among 455 miRNAs probed, 33 miRNAs
that were reported changed significantly in the cancer tissues.
Further on, the authors have validated candidates in cancer
cell growth assay. For instance, miR-143 and miR-145 were
found downregulated in cancer tissues and their over-
expression suppressed cancer cell growth. In contrast, miR-
146a was upregulated in tumor samples and its over-
expression promoted cancer cell proliferation. Another study
has profiled miRNA expression signature associated with cer-
vical cancer prognosis [14]. The study was aimed to identify
miRNAs as prognostic markers to predict cancer survival

Fig. 4 MAPK6 is an endogenous
target of miR-144-3p in cervical
cancer. a Schematic diagram of a
conserved putative miR-144-3p
targeting site in 3′UTR of
MAPK6 (WT). The site muta-
tions were introduced to miR-
144-3p targeting site of 3′UTR
(MUT). b Luciferase reporter as-
say study of the interaction be-
tween miR-144-3p and 3′UTR of
MAPK6. Hela cells were first
transfected with luciferase report-
er genes conjugated with either
wild-type (WT) or mutant (MUT)
3′UTR of MAPK6. Twenty-four
hours later, the cells were
transfected further with either
miR-144-3p mimic or miRNA
scramble control. Transfected
cells were cultured for 48 h and
then harvested for the measure-
ment of luciferase activities in a
plate reader. c Western blotting
analysis of MAPK6 protein ex-
pression in cells transfected with
miR-144-3p or miRNA scramble
control. Beta-actin was used as
loading control. The normalized
densitometry analysis of MAPK6
expression was also shown. The
data were presented as means ±
S.D. of at least three independent
experiments: (*p < 0.05,
**p < 0.01, ***p < 0.001 as com-
pared with control)
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score. They used PCR-based miRNA assay to analyze 102
cervical tumor samples. In the study, miR-9 and miR-200a
were identified to carry the potential predictive value for pa-
tient survival. In particular, over-expressing miR-200 reduced
cell motility in transwell system, suggesting its regulatory role
in cervical cancer metastasis. There is another comprehensive
study to profile miRNA expression in invasive squamous cell
carcinomas in early stage using TaqMan real-time PCR [15].
About 70 miRNAs showing significant differences were re-
ported. Among the ten most significant miRNAs, miR-127
expressional change was implicated with lymph node metas-
tasis. Subsequent functional characterization revealed
inhibiting miR-199a-suppressed cancer cell proliferation.
Taken together, miRNA deregulation may play a significant

role through the stages of cervical tissue malignant transfor-
mation. The miRNA profiling studies provide a myriad of
promising candidates to exploit as prognostic or therapeutic
targets to treat cervical cancer.

We are the first time to report miR-144-3p carrying a sig-
nificant function in cervical cancer formation and progression.
This is consistent with the past studies that proposedmiR-144-
3p as an anti-tumor factor in various cancers. But the down-
stream target of the miRNA is cancer type specific suggesting
a complexity in the downstream regulatory network of
miRNA-144-3p. In pancreatic cancer, miR-144-3p induces
cancer cells growth arrest in G1/S phase and activates apopto-
tic program. The endogenous target of miR-144-3p in this
model is centrosomal protein of 55 (CEP55) [29]. In gastric

Fig. 5 Knocking down MAPK6 inhibits cervical cancer cells. aWestern
blotting analysis of MAPK6 protein expression in cells transfected with
MAPK6 siRNA or scramble control. Beta-actin was used as loading
control. The normalized densitometry analysis of MAPK6 expression
was also shown. b Cell proliferation study of HCC94 transfected with
either MAPK6 siRNA or the scramble control. The growth rate of cells
was measured using CCK-8 kit for 72 h. cCell migration study of HCC94
transfected with either MAPK6 siRNA or the scramble control. The cell
migration potential was measured with CytoSelect™ 24-Well Cell

Migration assay. The migrated cells in the lower chamber were stained
with CyQuant® GR dye and quantified in a fluorescence plate reader. d
Cell invasion potential analysis of transfected cells was done with
CytoSelect™ 24-well cell invasion assay with type I collagen-based ma-
trix. The cells in the membrane were stained and quantified at OD
560 nm. The representative results from three independent experiments
were shown. The data were presented as means ± S.D. of at least three
independent experiments. (*p < 0.05, **p < 0.01, ***p < 0.001 as com-
pared with control)
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cancer study, miR-144-3p is found to suppress cancer cell
progression. The expressional level of miR-144-3p is corre-
lated with tumor size, lymph nodemetastasis, TNM stage, and
depth of invasion. The endogenous target of miR-144-3p in
gastric cancer has been identified as pre-leukemia transcrip-
tion factor 3 (PBX3) [16]. The inhibition of PBX3 by miRNA
is accountable for the suppression of epithelial-to-
mesenchymal transition (EMT) in cancer cells. In laryngeal
squamous cell carcinoma, miR-144-3p acts as tumor suppres-
sive factor as well [28]. In this model, miR-144-3p can also
suppress EMT transition process as in gastric cancer.
However, E26 transformation specific-1 (ETS-1), as a differ-
ent downstream target, was proposed in this study. Given
EMT as a critical step in cervical cancer progression, it will
be interesting to investigate if miR-144-3p can regulate this
process through targeting MAPK6 in cervical cancer model.
However, there are some studies suggesting miR-144-3p can
be oncogenic factor in certain types of cancers. Xiao W et al.
have reported the function of miR-144-3p in oncogenic pro-
cess of clear cell renal cell carcinoma [26]. Conversely, in this
model, miR-144-3p activates cancer cell growth, metastasis,
and chemo-resistance. AT-rich interactive domain 1A
(ARID1A) was identified as an endogenous target of miR-
144-3p. Similarly, another study also reported miR-144-3p
induces tumor growth and invasion in papillary thyroid carci-
noma [17]. The associated mechanism was proposed through
targeting aired box gene 8 (PAX8). In addition, blocking the
miRNA enhances the tumor suppression effect delivered by
X-ray exposure or paclitaxel in papillary thyroid carcinoma.
Therefore, the oncogenic effect of miR-144-3p could be can-
cer specific and depends on its downstream targets in the
particular types of cells or tissues.

MAPK6, also called ERK3, is an atypical MAPK. It was
firstly identified in 1991 but unlike ERK1/2 its function is less
characterized [4]. Recently, a study has reported p21 protein
activated kinases (PAKs) are downstream factors of MAPK6
[2]. PAKs are known to play a critical role in regulating cell
adhesion and migration through regulating actin cytoskeletal
dynamic. Over-expression of MAPK6 increases cell migrato-
ry behavior through activating PAKs in breast cancer cells. In
other cancer types, MAPK6 has been proposed to carry a
similar function in promoting cancer invasion. For instance,
in lung cancer cells, MAPK6 interacts with steroid receptor
coactivator 3 (SRC-3) that subsequently leads to the activation
of ETS transcription factor PEA3 to promote MMP expres-
sion. This regulatory mechanism by MAPK6 is implicated
with the proinvasive activity of lung cancer [19]. Our study
model also supports MAPK6 as oncogenic factor particularly
in promoting cell migration and invasion. Therefore, to dissect
out the mechanistic role ofMAPK6 in cervical cancer, it will be
important to elucidate its downstream effectors. As suggested
by the past studies, MAPK6 may regulate the pathways in
cytoskeletal dynamic and ECM remodelling gene expression.

Conclusion

We are the first time to report miR-144-3p as novel tumor
suppressor in cervical cancer. Mechanistic characterization al-
so reveals MAPK6 is directly targeted by miR-144-3p to in-
hibit cervical cancer. Further study on cervical cancer mouse
model with MAPK6 siRNA or kinase inhibitor will be impor-
tant to test the therapeutic relevance of this signalling axis in
treating cervical cancer. Nevertheless, our study supports
MAPK6 as promising target to control cancer metastasis or
provide an alternative for treating cervical cancer.
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