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Natural killer (NK) cells have pivotal role in immunotherapy of human ovarian cancer (OC). Although
microRNAs (miRNAs) participate in dysfunction of NK cells, how and whether miR-140-3p regulates cytotoxicity of NK cells in OC are uncertain. miR-140-3p and mitogen activated protein kinase 1 (MAPK1)
abundances were examined via quantitative real-time polymerase chain reaction or western blot. Tumor
necrosis factor-a (TNF-a) and interferon-c (IFN-c) abundances were examined via enzyme linked
immunosorbent assay. NK cytotoxicity to OC was evaluated via lactate dehydrogenase release. The relevance
of miR-140-3p and MAPK1 was proved via luciferase activity analysis. Murine xenograft experiment was
applied to assess the function of miR-140-3p on NK cytotoxicity. miR-140-3p was elevated and MAPK1 was
declined in NK cells from OC patients, while the levels were reversed after treatment of interleukin-2 (IL-2).
MiR-140-3p addition mitigated IFN-c and TNF-a production induced via IL-2 as well as NK-92 cytotoxicity
to OC cells. Additionally, MAPK1 was negatively regulated via miR-140-3p and ablated the inﬂuence of miR140-3p on cytotoxicity, cytokines levels. Besides, miR-140-3p enrichment facilitated tumor growth via suppressing function of NK cells in a xenograft model. miR-140-3p suppressed NK cytotoxicity to OC cells via
mediating MAPK1, indicating a new avenue of ameliorating NK cells function for OC treatment.
Keywords.

Ovarian cancer; natural killer cells; miR-140-3p; MAPK1; cytotoxicity

1. Introduction
Ovarian cancer (OC) has the highest incidence of
cancer-associated mortality for women with poor
prognosis all over the world (Torre et al. 2018). In the
last few years, immunotherapy has gained more
attentions as emerging therapeutics of OC (McCloskey
et al. 2018). Natural killer (NK) cells are one class of
major immune cells relevant to treatment of gynecologic malignancy, including OC (Uppendahl et al.
2017). However, scientists have reported that OC can
evade from immune system (Poh 2016). The antitumor
immunity is often suppressed in OC microenvironment, therefore increasing immune cell function may
induce tumor regression (Preston et al. 2011). NK cells
http://www.ias.ac.in/jbiosci

address cytolysis of tumor cells through modulating
inﬂammatory cytokines secretion, including interferonc (IFN-c) and tumor necrosis factor-a (TNF-a) (Wang
et al. 2012b). Hence, it is necessary to ﬁnd out a new
regulator for NK cells cytotoxicity in OC.
MicroRNAs (miRNAs) are relevant to driving OC
progression and provide new avenue for prognosis of
OC (Palma Flores et al. 2017). And emerging effort
reports that miRNAs may participate in NK cells
development and function (Shirshev et al. 2017). Furthermore, miRNAs are reported to address NK cells
function impairment in many conditions (Rizzo et al.
2017). For instance, miR-20a may inhibit NK cells
cytotoxicity to OC cells via mediating major histocompatibility complex class I-related chain A and B
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(MICA/B) (Xie et al. 2014). As for miR-140-3p, the
miRNA may regulate programmed death-ligand 1 (PDL1) contributing to cancer to evade immune system,
indicating miR-140-3p may participate in modulating
immune response in many cancers (Kapodistrias et al.
2017). Moreover, miR-140-3p is expressed in NK cells
and might be related to NK cells activation (Liu et al.
2012). Nevertheless, how miR-140-3p is implicated in
regulating NK cytotoxicity to OC remains poorly
understood.
Mitogen activated protein kinase 1 (MAPK1) is
relevant to epithelial-to-mesenchymal transition,
migration and invasion in OC cells (Hong et al. 2018).
MAPK signaling exhibits essential impact on
immunotherapy (Reinhardt et al. 2017). Moreover,
MAPK pathway is involved in tumor susceptibility to
NK cells (Bellucci et al. 2012). However, a broader
view of MAPK1 participating in NK cells cytotoxicity
is required. Bioinformatics analysis predicates miR140-3p might target MAPK1. Thus, we speculate
MAPK1 is involved in miR-140-3p-modulated cytotoxicity of NK cells in OC. This research examined
miR-140-3p and MAPK1 abundances in NK cells and
probed related mechanism which miR-140-3p addresses NK cells cytotoxicity to OC cells.

(Sigma, St. Louis, MO, USA) on NK function, 20 ng/
mL IL-2 was interacted with cells for 24 h.
MAPK1 overexpression plasmids (pcDNAMAPK1), miR-140-3p mimics, mimics negative control (NC), miR-140-3p inhibitor (anti-miR-140-3p) and
inhibitor negative control (anti-NC) were synthesized
by GenePharma (Shanghai, China), and transfected
into NK cells by Lipofectamine 2000 (Thermo Fisher).
2.3 Quantitative real-time polymerase chain
reaction (qRT-PCR)
Trizol (Thermo Fisher) was employed for RNA isolation. Then cDNA was formed using All-in-oneTM
mRNA or miRNA qPCR detection kit (Fulengen,
Guangzhou, China) and mixed in SYBR Green for
qRT-PCR. U6 or b-actin was used to normalize miR140-3p or MAPK1 expression using 2-DDCt method.
The primers included: MAPK1 (sense, 50 -AATTGTATA ATAAATTTAAAAGCTAG-30 ; antisense, 50 GTAATACTGCTCCAGATATGG-30 ), b-actin (sense,
50 -CAGCCTTCCTTCTTGGGTAT-30 ; antisense, 50 TGGCATAGA GGTCTTTACGG-30 ); miR-140-3p (50 GTAATACTGCTCCAGATATGG-30 ), U6 (50 -CTCG
CTTCGGCAGCACA-30 ) and universal miRNA adaptor PCR primer provided in the qPCR detection kit.

2. Materials and methods
2.1 Primary NK cells obtaining

2.4 Western blot (WB)

Primary NK cells were obtained from OC patients (n =
20) or healthy volunteers (n = 20) using the peripheral
blood mononuclear cells through inverse selection with
magnetically label via NK cell isolation kit (StemCell,
Shanghai, China) following protocol of manufacturer.
Patients provided the informed consents. This research
was permitted via the Institutional Research Ethics
Committee of Yulin No.2 Hospital.

Protein was obtained using RIPA plus 1% PMSF
(Beyotime, Shanghai, China) and quantiﬁed with BCA
kit (Sigma). Then protein samples were loaded on
SDS-PAGE, followed via being transferred on nitrocellulose membranes (Solarbio, Beijing, China). Following blocking in the blocking reagent (Thermo
Fisher), the membranes were interacted with antiMAPK1 or anti-b-actin (Cell Signaling Technology,
Danvers, MA, USA) at 4°C and then incubated with
IgG (Cell Signaling Technology). The protein signaling
was tested through the ECL reagent (Thermo Fisher).
b-actin served as a reference of band intensities.

2.2 Cell culture, interleukin-2 (IL-2) exposure
and transfection
Human NK cells NK-92, OC cell line OVCAR-3 and
murine NK cell line LNK were provided via American
Type Culture Collection (Manassas, VA, USA) and
grew in RPMI-1640 (Gibco, Carlsbad, CA, USA) plus
10% fetal bovine serum (Gibco), 1% penicillin-streptomycin (Thermo Fisher, Wilmington, DE, USA) in
5% CO2 at 37°C. To investigate the effect of IL-2

2.5 Enzyme linked immunosorbent assay (ELISA)
1 9 104 NK-92 cells were added into 96-well plates
overnight. After treatment of IL-2 or transfection, TNFa and IFN-c abundances were examined in cell
supernatants using human ELISA Kit (Thermo Fisher)
following the protocol of manufacturer. The

miR-140-3p regulates NK function to OC cells

Page 3 of 10

66

Figure 1. MiR-140-3p was enhanced and MAPK1 expression were inhibited in NK cells from OC patients. (A) miR-1403p level was measured in NK cells from OC patients (n = 20) or control (n = 20) via qRT-PCR. (B) MAPK1 mRNA
expression was examined. (C and D) MAPK1 protein abundance was examined via WB. *p\0.05.

absorbance was examined with a wavelength of 450
nm through a microplate reader (Molecular Devices,
Sunnyvale, CA, USA).
2.6 Cytotoxicity assay
Lactate dehydrogenase (LDH) cytotoxicity assay kit
(Thermo Fisher) was exploited to detect NK-92 killing
role in OVCAR-3 cells. In brief, 1 9 104 OVCAR-3
cells were maintained into 96-well plates, and then the
activated NK-92 cells were co-incubated to OVCAR-3
cells with an effector/target cell ratio (5:1) for 4 h.
Next, culture supernatant was harvested for LDH
release analysis following the instructions of manufacturer. The absorbance was examined with a wavelength of 490 nm through a microplate reader.

2.7 Luciferase activity analysis
Potential binding sites of 3’ untranslated regions (3’UTR) of MAPK1 and miR-140-3p were predicated via
TargetScan software online. Wild-type or mutant type
of MAPK1 3’-UTR was inserted in pGL3 vector

(Promega, Madison, WI, USA) to form luciferase
report constructs (MAPK1-wt or MAPK1-mut). Luciferase reporter constructs and NC, miR-140-3p mimics,
anti-NC or anti-miR-140-3p were co-transfected in
NK-92 for 48 h. Then luciferase activity was evaluated
with luciferase assay kit (Fulengen).

2.8 Murine xenograft model of OC
Athymic BALB/c mice (female, six-week-old) were
provided via Vital River (Beijing, China). All mice
were acclimatized for one week and free access to
water as well as food. 5 9 106 OVCAR-3 cells were
subcutaneously introduced in mice (n = 8). At 2 h after
cell implantation, 3 9 106 IL-2-activated LNK cells
with stable transfection of NC or miR-140-3p mimics
were inoculated to the same sites by subcutaneous
injection. Tumors were monitored every 3 days for ﬁve
times and the volume was calculated as V =
length 9 width2/2. After 15 days, mice were euthanized and tumor samples were harvested for further
assays. The protocol was received via the Animal
Research committee of Yulin No.2 Hospital. This
experiment was performed 3 times with 3 replicates.
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Figure 2. Stimulation of IL-2 promoted NK cell activation and reversed miR-140-3p and MAPK1 expression. (A and
B) TNF-a and IFN-c expression was measured in NK-92 cells challenged by IL-2 by ELISA. (C and D) miR-140-3p and
MAPK1 levels were examined in IL-2-treated cells. *p\0.05.

2.9 Statistical analysis
Results were shown as mean ± SEM. Difference
between two groups was investigated via Student’s ttest using SPSS 22.0 (SPSS, Inc., Chicago, IL, USA).
p\0.05 showed the signiﬁcant difference.
3. Results
3.1 miR-140-3p expression was increased
while MAPK1 level was decreased in NK cells
from OC patients
miRNAs play important roles in NK cells function via
modulating the target gene level. To explore whether
miR-140-3p and MAPK1 were associated with NK
cells function, their abundances were detected in NK
cells. Results exhibited miR-140-3p abundance was
elevated in NK cells from OC patients relative to
control group (ﬁgure 1A). Nevertheless, a great

decrease level of MAPK1 was displayed in OC group
(ﬁgure 1B). Similarly, MAPK1 protein level was lower
in NK cells from OC patients than control subjects
(ﬁgure 1C and 1D).

3.2 IL-2 induced cytokines production, reversed
miR-140-3p and MAPK1 protein expression in NK92 cells
To activate NK cells in our study, 20 ng/mL IL-2 was
exposed to NK-92 cells for 24 h. TNF-a and IFN-c
abundances were signiﬁcantly enhanced after IL-2
exposure (ﬁgure 2A and 2B), indicating the activated
NK-92 cells under IL-2 exposure. Moreover, miR-1403p and MAPK1 protein levels were detected in the
activated cells. MiR-140-3p level was declined in IL-2challenged cells (ﬁgure 2C). Additionally, IL-2 stimulation induced an obvious elevation in MAPK1 abundance in NK-92 cells (ﬁgure 2D).
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Figure 3. MiR-140-3p regulated NK cytotoxicity to OC. (A) miR-140-3p expression was examined in NK-92 cells
activated via IL-2 with transfection of NC or miR-140-3p mimics. (B and C) IFN-c and TNF-a levels were detected in IL-2treated cells with transfection of NC or miR-140-3p mimics. (D) The cytotoxicity of NK-92 to OVCAR-3 cells was analyzed
following transfection of NC or miR-140-3p mimics via LDH cytotoxicity analysis. The inﬂuence of anti-miR-140-3p on
miR-140-3p abundance (E), IFN-c (F), TNF-a secretion (G) or cytotoxicity to OVCAR-3 cells (H) was investigated in IL-2challenged cells. *p\0.05.

3.3 miR-140-3p blocked NK cells cytotoxicity
in OC
Seeing that miR-140-3p abundance was ectopic in NK92 cells, the inﬂuence of miR-140-3p on NK function
was evaluated through co-culturing OVCAR-3 with IL2-challenged NK-92 cells with transfection of miR140-3p mimics or anti-miR-140-3p. MiR-140-3p
expression was effectively enhanced by transfection of
miR-140-3p mimics in NK-92 cells challenged via IL-2
(ﬁgure 3A). Moreover, addition of miR-140-3p caused
an obvious loss of IFN-c and TNF-a levels in IL-2treated cells (ﬁgure 3B and C). Additionally, NK
cytotoxicity to OVCAR-3 cells was markedly inhibited
via introduction of miR-140-3p (ﬁgure 3D). Nevertheless, miR-140-3p knockdown displayed opposite
effect, revealed by the reduced miR-140-3p abundance,
elevated cytokines production and cytotoxicity compared with anti-NC group (ﬁgure 3E–H).

MAPK1 could be targeted via miR-140-3p (ﬁgure 4A).
Therefore, we validated the prediction in NK-92 cells
using luciferase activity assay. Luciferase activity was
obviously inhibited in cells with co-transfection of
MAPK1-wt and miR-140-3p mimics compared to NC
group, but no obvious difference was shown in
MAPK1-mut group (ﬁgure 4B). Conversely, luciferase
activity of MAPK1-wt was notably enhanced via miR140-3p inhibition, but miR-140-3p silence showed little efﬁcacy on the activity of MAPK1-mut (ﬁgure 4C).
These results indicated the binding of miR-140-3p and
MAPK1. Moreover, the regulation of miR-140-3p on
MAPK1 level was evaluated. miR-140-3p overexpression caused a strong loss of MAPK1 mRNA and
protein abundances (ﬁgure 4D and E). However, the
deﬁciency of miR-140-3p evidently increased MAPK1
level (ﬁgure 4F and G).
3.5 MAPK1 overturned miR-140-3p-mediated
inhibitory effect on NK cytotoxicity in OC

3.4 MAPK1 was targeted via miR-140-3p
Since both of miR-140-3p and MAPK1 were dysregulated in NK cells, we further probed whether miR140-3p interacted with MAPK1. Bioinformatics assay
predicted the promising binding sequence of miR-1403p and MAPK1 via TargetScan online, uncovering

To determine if MAPK1 was required for miR-140-3pmodulated inhibitive ability for cytotoxicity of NK cells,
IL-2-challenged NK-92 cells were transfected with miR140-3p mimics or (and) MAPK1. The abundances of miR140-3p and MAPK1 were measured following the transfection. miR-140-3p abundance was markedly declined in
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Figure 4. MAPK1 was targeted by miR-140-3p. (A) Bioinformatics assay predicted the targeted sequence of miR-140-3p
and MAPK1. (B and C) Luciferase activity was tested in NK-92 cells with co-transfection of MAPK1-wt or MAPK1-mut
and miR-140-3p mimics, anti-miR-140-3p or their NC. (D and E) The inﬂuence of miR-140-3p on MAPK1 level was
analyzed. (F and G) MAPK1 abundance was detected in cells with anti-miR-140-3p or anti-NC treatment. *p\0.05.

response to IL-2 treatment and miR-140-3p mimics
enhanced the abundance, but addition of MAPK1 did not
afford the miRNA expression compared with their counterparts, respectively (ﬁgure 5A). In addition, MAPK1
abundance was elevated in IL-2-challenged NK-92 cells,
miR-140-3p enrichment impaired the MAPK1 abundance,
whereas introduction of MAPK1 overexpression effectively enhanced the protein expression (ﬁgure 5B and C).
Moreover, presence of miR-140-3p weakened IL-2-induced expression of TNF-a and IFN-c, whereas MAPK1
protected cytokines secretion (ﬁgure 5D and E). Likewise,
MAPK1 overexpression abated the impact of miR-140-3p
on killing role of NK-92 cells to OVCAR-3 cells
(ﬁgure 5F).

3.6 miR-140-3p overexpression in NK cells
promoted OC tumor growth
To test the impact of miR-140-3p on NK function
in vivo, IL-2-stimulated LNK cells with transfection of
miR-140-3p mimics or NC were inoculated into murine
model of OC. miR-140-3p introduction conferred
tumor growth in comparison to NC group (ﬁgure 6A).
Furthermore, miR-140-3p and MAPK1 abundances
were examined in tumor samples. An evidently elevated miR-140-3p was displayed in miR-140-3p group
(ﬁgure 6B). In addition, MAPK1 abundance was limited in response to miR-140-3p at transcriptional and
protein levels (ﬁgure 6C–E).
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Figure 5. Overexpression of MAPK1 attenuated miR-140-3p-modulated suppressive role in NK-92 cytotoxicity to OC
cells. (A) miR-140-3p abundance was measured in NK-92 cells challenged via IL-2 with transfection of miR-140-3p mimics,
MAPK1 or their control. (B and C) MAPK1 protein expression was investigated in miR-140-3p mimics or MAPK1transfected cells following IL-2 treatment. (D and E) The impact of miR-140-3p and MAPK1 on IFN-c and TNF-a
abundances was revealed. (F) The cytotoxicity of NK-92 with miR-140-3p mimics and MAPK1 transfection to OVCAR-3
cells was assessed. *p\0.05.

4. Discussion
OC is a common tumor malignancy for women, and
immune system has important role in OC development
and therapy (Menderes et al. 2016). NK cells were
mainly present in peripheral blood and its functional
activity is crucial for OC treatment (Yunusova et al.
2018). miRNAs had an impact on the development of
NK cells and anti-cancer response (Leong et al. 2014).
In OC microenvironment, NK cells were resting and
compromised ﬁghting with cancer cells (Preston et al.
2011). Previous work reported that IL-2 could change
the balance of suppression of NK cell ability and was
commonly used to activate NK cells (Konjević et al.
2003). Our research isolated NK cells from OC patients
and measured miR-140-3p level, showing miR-140-3p
abundance was enhanced in NK cells from OC

patients. We hypothesized the aberrantly increased
miR-140-5p might be induced via change of microenvironment in patients, and was relevant to progression
of resting NK cells. However, addition of IL-2 induced
IFN-c and TNF-a expression, and changed miR-1403p and MAPK1 levels. This is similar to such reports
that indicated miR-140-3p was increased in resting NK
cells while the abundance was impaired after activation
(Liu et al. 2012; Wang et al. 2012a).
We assumed miR-140-3p and MAPK1 could be
associated with function of NK cells. To identify this,
this study explored whether miR-140-3p could modulate NK cytotoxicity to OC. We found miR-140-3p was
inversely related to NK cytotoxicity. Likewise, miR20a repressed NK cytotoxicity in OC via regulating
MICA/B expression (Xie et al. 2014). MiR-150
inhibited NK cytotoxicity through mediating perforin-1
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Figure 6. miR-140-3p addition in NK cells promoted tumor growth. (A) Tumor volume was detected every 3 days for ﬁve
times. (B) The abundance of miR-140-3p was examined. (C–E) MAPK1 expression was detected. *p\0.05.

expression (Kim et al. 2014). Apart from miR-20a and
miR-150, miR-17/20a knockdown promoted NK cells
anti-tumor activity by regulating Mekk2 (Jiang et al.
2014). Contrast to miR-140-3p, miR-30c contributed to
NK cells killing function via modulating NK group 2,
member D (NKG2D) (Ma et al. 2016). These ﬁnding
suggested miR140-3p played key role in addressing
NK cytotoxicity, while the mechanism remains uncertain. Here we ﬁrst provided the view of miR-140-3p
regulating NK cells cytotoxicity to OC cells via
MAPK1.
miRNAs might be implicated in regulating NK cells
function at transcriptional and post-transcriptional
revels (Leong et al. 2017). MiR-140-3p has been
reported to participate in regulation of varying genes in
many conditions. MiR-140-3p was inversely associated
with c-Myb and bcl-2 levels (Zhu et al. 2018). Moreover, miR-140-3p played important role in osteoblast
differentiation by targeting TGFb3 (Fushimi et al.
2018). Besides, ATPase 6 accessory protein 2
(ATP6AP2) also were targeted by miR-140-3p and play
essential role in proliferation and metastasis in lung
cancer (Kong et al. 2015). However, there is little
evidence that indicated target of miR-140-3p in NK
cells or OC. MAPK1 was a well-known oncogene,
which was required for proliferation and invasion by

miRNAs targeting in multiple cancers, like prostate
cancer, gastric cancer and OC (Hong et al. 2018; Hu
et al. 2018a, b). Additionally, MAPK signaling pathway was regarded as key factor in immunotherapy and
sensitivity of NK cells (Bellucci et al. 2012; Reinhardt
et al. 2017). However, how MAPK1 required for NK
cells function is still uncertain. Intriguingly, both of
miR-140-3p and MAPK1 were dysregulated and negatively correlated in NK cells. Hence, we probed a
relationship between miR-140-3p and MAPK1 and
assessed the inﬂuence of MAPK1 on NK cytotoxicity.
We found MAPK1 was limited via miR-140-3p and
introduction of MAPK1 ablated the function of miR140-3p on NK cytotoxicity. This is also in agreement
with former efforts that suggested MAPK pathway
might protect NK cytotoxicity (Bellucci et al. 2012).
With this, our report demonstrated miR-140-3p might
control NK cells cytotoxicity in OC in vitro. Meanwhile, the xenograft experiment was responsible for
preclinical data of NK cells cytotoxicity to OC progression (Konstantinopoulos and Matulonis 2013; Xie
et al. 2014). Here we found miR-140-3p also regulated
NK cells cytotoxicity in OC in vivo, uncovered via the
elevated tumor size. However, miR-140-3p was
expressed not only in NK cells but also in OC (Miles
et al. 2012). Thus, clinical study and the underlying

miR-140-3p regulates NK function to OC cells

mechanism that miR-140-3p mediated OC processes
are required in further study.
In conclusion, miR-140-3p level was elevated in NK
cells and declined via IL-2 stimulation. Furthermore,
miR-140-3p constrained the role of NK cells to OC by
MAPK1. This uncovered miR-140-3p might participate
in mediating NK cells cytotoxicity to address the
tumor-suppressive role in OC.
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