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Dual-specificity phosphatase 5 suppresses ovarian
cancer progression by inhibiting IL-33 signaling
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Abstract: Ovarian cancer (OC) is the leading cause of death from gynecological malignancy. Dual-specificity phos-
phatases (DUSPs) are proteins that are reported involved in carcinogenesis, but their roles in OC have not be
extensively studied. Here, we found that DUSP5 is markedly down-regulated in OC tissues. We reanalyzed DUSP5
expression in OC using published microarray data from the Gene Expression Omnibus (GEO) database and found
that patients with low DUSP5 expression have significantly shorter overall survival than those with high expression
(P < 0.001). Down-regulation of DUSP5 in OC tissues was immunohistochemically confirmed in tissue microarrays
containing 15 normal ovary tissue samples and 60 OC specimens. Functional studies suggest that DUSP5 silence
facilitates cell proliferation, migration, and invasion of OC cells in vitro. DUSP5 over-expression inhibits cell prolifera-
tion but has no effect on OC cell migration or invasion. Mechanistically, silencing DUSP5 transcriptionally activates
interleukin 33 (IL-33) expression and secretion. Blockage of I1L.-33 with a neutralizing anti-IL33 antibody attenuates
the effect of DUSP5 silencing to promote cell proliferation, migration, and invasion. Moreover, recombinant IL-33
protein treatment dramatically promotes OC cell proliferation, migration, and invasion with DUSP5 over-expression.
Our study provides proof of principle that DUSP5 down-regulation promotes proliferation, migration, and invasion of
OC cells via activation of IL-33 signaling.

Keywords: Ovarian cancer, dual-specificity phosphatases 5 (DUSP5), interleukin 33 (IL-33), proliferation, migra-
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Introduction identify the mechanisms of OC pathophysiology
for use in diagnostic and clinical applications.

Ovarian cancer (OC) is a major gynecologic

malignancy; it is the sixth most prevalent can-
cer in the world, the fourth most common site
of malignancy in females, and the seventh lead-
ing cause of cancer death in females [1]. OC is
highly curable if caught early, but it is often
asymptomatic in early stages. Approximately
80% patients with OC have a ~90% survival
rate at early stages, but this decreases to 30%
in those with stage Il and IV disease [2, 3].
Pelvic examination, ultrasonography, and CA-
125 detection are routine OC screening proce-
dures, but their diagnostic values are limited.
Although a variety of targeted drugs have been
developed to treat OC, patient overall survival
remains suboptimal [4]. It is therefore critical to

Dual-specificity phosphatase (DUSPs) dephos-
phorylate tyrosine and serine/threonine resi-
dues required to activate extracellular signal-
regulated kinase (ERK), c-Jun NH2-terminal
kinase (JNK), and p38 mitogen-activated pro-
tein kinases (MAPKs) [5-7]. DUSPs are broadly
classified into 3 groups based on their localiza-
tion: group | (DUSPs 1, 2, 4 and 5) is nuclear,
group Il (DUSP 6, 7 and 9) is cytoplasmic, and
group Il (DUSPs 8, 10 and 16) exist in both the
nucleus and cytoplasm. Functionally, individual
DUSPs often prefer specific MAPK substrates:
DUSPs 5, 6 and 7 are ERK selective, while
DUSP9 prefers ERK over the p38 and JNK
MAPKs [5]. DUSP5 is a nuclear ERK1/2-
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selective phosphatase induced by ERK signal-
ing in mammalian cells [8, 9]. Its expression is
also stimulated by either heat shock or growth
factor expression. Sustained inflammation
caused by nuclear factor (NF)-kB activation in
irradiated human arteries leads to DUSP5 over-
expression [10]. Unlike other inducible mito-
gen-activated protein kinase phosphatases
(MKPs) such as MKP-1/DUSP1, MKP-2/DUSP4
and PAC1/DUSP2, which interact with and inac-
tivate both mitogen- and stress-activated
MAPKs, DUSP5 selectively binds and inacti-
vates ERK1 and ERK2 in vivo [8, 9, 11].
Furthermore, DUSP5 is a direct transcriptional
target of the tumor suppressor p53 [12] and
has tumor-suppressive functions in several
types of cancer [7, 8, 10, 13-16]. DUSP5 defi-
ciency in the mouse epidermis increases
H-Ras-driven papilloma formation in a carcino-
gen-induced model of skin cancer [8]. Con-
sistent with this putative tumor suppressor
role, DUSP5 levels are down-regulated in pros-
tate and gastric cancers, where loss of its
expression is associated with poor prognosis
[14, 15]. In gastric cancer, DUSP5 down-regula-
tion correlates with promoter CpG island meth-
ylation, and its over-expression in gastric can-
cer cell lines reduced nuclear p-ERK levels and
cell growth [15]. Low DUSP5 expression was
also recently reported in colorectal cancer and
was associated with worse outcome [10, 16].
However, the role of DUSP5 in OC initiation
and/or progression has not been reported.

In this study, we measured DUSP5 expression
in clinical samples and investigated its effects
on OC cell proliferation, invasion, and migration
in vitro. Our findings demonstrate that DUSP5
is up-regulated in OC and exerts suppressive
effects on tumor progression. Furthermore,
DUSP5 knockdown transcriptionally elevated
interleukin-33 (IL-33) expression and secretion,
and altering IL-33 levels affected OC cell prolif-
eration, invasion, and migration. The collective
evidence suggests that DUSP5 suppresses
OC by inhibiting IL-33 signaling and could serve
as a target for developing new therapeutic
strategies.

Method and materials
Bioinformatics analyses

DUSP5 (NM_004419.3) expression patterns
were downloaded from the Gene Expression
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Omnibus (GEO) database (https://www.ncbi.
nim.nih.gov/geo/) under the accession number
GSE49997.

Patients and tissue samples

For real-time polymerase chain reaction
(RT-PCR) analysis, OC and normal adjacent
specimens were collected from 15 patients
who underwent resections between 2014 and
2017 at the First Affiliated Hospital of Soochow
University. Samples were frozen in liquid nitro-
gen and kept at -80°C until use. This study was
approved by the Ethical Committee of the First
Affiliated Hospital of Soochow University.
Written informed consent was provided by each
participant prior to surgery.

The OC tissue-array HOva-CanO90PT-01 was
from Shanghai Outdo Biotech Co., Ltd. (Shang-
hai, China) was used for tissue-array assays.
We processed samples from 75 OC patients
(aged 17 to 86 years old, median age of 53).
Finally, a total of 75 cases were included in the
H-Score statistical analysis.

Cell lines and cell culture

Human OC cell lines SK-OV-3 and Caov-3 were
obtained from the Chinese Academy of Sci-
ences at the Shanghai Institutes for Biologi-
cal Sciences. Both lines were maintained in
Dulbecco’s minimum essential medium (DM-
EM) supplemented with 10% fetal bovine serum
(FBS) under standard culture conditions (5%
CO,, 37°C).

Plasmids, siRNAs, and cell transfection

Human DUSP5 over-expressing vector (pLvx-
DUSP5) and the control plasmid (pLVX-IRES-
GFP) were purchased from Genelily Biote-
chnology Company (Shanghai, China). Small
interference  RNAs (siRNAs) specific to hu-
man DUSP5 were generated by GenePharma
(Shanghai, China) to transiently silence expres-
sion. The transfection experiment was divided
into the following treatments: si-NC (siRNA NC
vector) si-DUSP5 (si-DUSP5 vector), oe-NC
(over-expression NC vector) and oe-DUSP5
(DUSP5 over-expression vector). The above
vectors were transfected with Lipofectamine®
3000 transfection reagent as previously re-
ported. Forty-eight hours after transfection, the
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transfection efficiency of cells in each group
was detected by reverse transcription quantita-
tive PCR (RT-qPCR) and western blot analyses.

RT-PCR

RT-PCR was performed to measure the mRNA
levels of DUSP5 and IL-33 in OC tissue or cells
as described previously [17]. Briefly, total RNA
was extracted using TRIzol (Invitrogen, Car-
Isbad, CA, USA) reagent, then purified RNA was
reversely transcribed into cDNA using the RT
reaction kit (Toyobo, Osaka, Japan). RT-PCR
was conducted using the ABI vii7 system
(Applied Biosystems, Foster City, CA, USA), and
SYBR Green was used as a DNA-specific fluo-
rescent dye. Human glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) was selected
as a housekeeping gene. Primers were syn-
thesized as follows: human DUSP5 forward
primer, 5-GTGCCTACTGCACATTCCC-3’ and re-
verse primer, 5-TCCCGAGAACCTACCCTGAG-3’;
human 1L-33 forward primer, 5-GCTTCCC-
AAGAAAGGCATCG-3’ and reverse primer, 5-
TCTAGTCCCCAGTCATCGCA-3’; GAPDH forward,
5-TGACTTCAACAGCGACACCCA-3’ and reverse:
5-CACCCTGTTGCTGTAGCCAAA-3'. Relative ge-
ne expression was measured by the compara-
tive CT method (AACT) where the fold enrich-
ment was calculated as: 2(ACT lsamplel-ACT [calibrator])

Western blot

Cells were collected, and proteins were extract-
ed. Equal amounts of proteins from each sam-
ple were separated using 12% sodium dode-
cyl sulfate-polyacrylamide gel electrophoresis.
Western blot analysis was performed according
to established method with antibodies against
DUSP5 and IL-33 (Abcam, Cambridge, UK).
GAPDH was used as a loading control.

Cell viability assay

Cell growth was monitored with Cell-Counting
Kit-8 (CCK8) assays (Dojindo Kumamoto,
Japan) as previously reported [18]. Briefly, cells
at a dilution of 5 x 103 per well were incubated
in 96-well plates for O, 24, 48, or 72 h, and
CCK-8 was added into the well according to
the manufacturer’s instructions. After 4 h of
CCK-8 incubation, cell viability was measured
by reading the optical density at a wavelength

846

of 450 nm. All experiments were performed in
triplicate.

Wound healing assay

Cell migration was assessed using wound
scrape assays as previously reported [19].
Briefly, cells (5 x 10* per well) were maintained
in 6-well plates. A small wound area was creat-
ed using a 200-uL pipette tip when cells
reached 90% confluence. Cells were then
washed twice with phosphate-buffered saline
and further incubated in serum-free DMEM
at 37°C in a 5% CO, incubator for 24 h.
Photographs were acquired at the indicated
times, and wound width was measured using
Imagel) software (National Institutes of Health,
Bethesda, MD, USA). Ten measurements were
made at random intervals along the wound
length, and data from three independent exper-
iments were averaged and expressed as a per-
centage of the original width.

Invasion assay

Cells were plated into the upper Transwell
chamber with 8-um pores (BD Falcon, Franklin
Lakes, NJ, USA) at a density of 5 x 10* per well.
Chambers with Matrigel matrix for cell migra-
tion or invasion assays were inserted into
24-well plates containing 20% FBS. Cells in the
chamber were cultivated without FBS. After 24
h, migrated or invasive cells adhering to the
lower chamber surface were fixed and stained
with 5% crystal violet. Cells were counted in five
20 x microscope fields per well.

Enzyme-linked immunosorbent assays (ELI-
SAs)

The secreted human IL-33 was monitored by
ELISA assays using human IL-33 ELISA kit
(Proteintech, Chicago, IL, USA) as previously
reported [13].

Promoter activity assay

pGL3-Luciferase Reporter assays (Promega,
Madison, WI, USA) were performed according
to the manufacturer’s instructions to analyze
IL-33 promoter activity. Briefly, the pGL3 lucifer-
ase reporter plasmid containing the promoter
fragment of the IL-33 gene from nucleotides
-2,500 to +50 was generated by Genelily. Prior
to transfection, SK-OV-3 cells were cultured in
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Figure 1. DUSP5 expression is down-regulated in OC tissues. A. Kaplan-Meier survival analysis of the association
between RNF183 expression and overall survival in 194 patients. B. Relative DUSP5 mRNA levels were evaluated by
real-time-PCR in 15 paired human OC tissues and adjacent normal tissues (control). C. An immunohistochemical tis-
sue array was used to detect DUSP5 expression in human OC tissues and adjacent normal tissues (control). Positive
DUSP5 staining was mainly observed in normal tissues. H-scores were used to analyze DUSP5 levels in 60 cases of
0OC and 15 noncancerous tissue samples. Data are presented as mean + SEM, *** P < 0.001.

24-well plates for 24 h. Luciferase Assay
Reagent Il (LAR Il) and Stop & Glo Reagent were
added sequentially 48 h after transfection, and
dual luciferase activities were measured.

Statistical analysis

Statistical analyses were completed using
SPSS version 16.0 software (SPSS Inc., Ch-
icago, IL, USA). Survival analysis was carried
out using the Kaplan-Meier method, and log-
rank tests were used to compare survival
curves. Other data were assessed with two-
tailed Student’s t-tests in the Prism 5.0 soft-
ware package (GraphPad Software, Inc., San
Diego, CA, USA). P < 0.05 was considered sta-
tistically significant.

847

Results
DUSP5 is down-regulated in OC tissues

We first examined DUSP5 expression in OC tis-
sues and normal adjacent tissues and found
that it was markedly down-regulated in cancer-
ous tissues (Figure 1A). To further explore the
relationship between DUSP5 levels and clinical
outcomes, Kaplan-Meier survival analysis was
performed using GEO dataset GSE8671.
Patients with low DUSP5 expression had short-
er overall survival (Figure 1B). We next immuno-
histochemically measured DUSP5 protein lev-
els in human OC and normal adjacent tissues
using a tissue microarray containing 60 OC
cases and 15 normal tissue samples (Figure
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Figure 2. Silenced of DUSP5 promotes the proliferation, migration and invasion ability in OC cells. DUSP5 knock-
down efficiencies in two OC cell lines were examined by real-time PCR (A) and western blots (B). (C) Effects of DUSP5
silencing on SK-OV-3 and Caov-3 cell proliferation were monitored with CCK8 assays. (D) Effects of DUSP5 silencing
on SK-OV-3 and Caov-3 cell migration were assessed using wound healing assays. (E) Effects of DUSP5 silencing
on SK-OV-3 and Caov-3 cell invasion were monitored by Transwell invasion assays. Data are presented as mean +

SEM, *, P < 0.05, **, P < 0.01.

1C). To objectively describe DUSP5 expression,
the degree of immunohistochemical staining
was quantified using the H score method
(Figure 1C). All 15 normal tissue samples were
positive for DUSP5 with a median H score of
79.5. Among the 60 OC samples, 42 samples
showed weak or undetectable DUSP5 staining
with < 5, 17 samples had modest staining with
an H score between 5 and 30, and 1 sample
had comparable staining to normal tissue.
These results clearly indicate that DUSP5
expression is down-regulated in OC tissues.

DUSP5 suppresses OC cell proliferation, migra-
tion, and invasion ability

Unlimited cell proliferation, migration, and inva-
siveness are hallmarks of tumor malignancy.

848

We therefore explored the role of DUSP5 in OC
progression using gain- and loss-of-function
approaches. We silenced DUSP5 expression in
SK-OV-3 and Caov3 cells and confirmed the
knockdown efficiency by real-time PCR (Figure
2A) and western blot (Figure 2B). DUSP5 knock-
down accelerated SK-OV-3 and Caov3 cell pro-
liferation (Figure 2C). Subsequently, we exam-
ined the function of DUSP5 silence on OC cell
motility. In wound healing assays and invasion
assays, DUSP5 knockdown significantly pro-
moted the migration (Figure 2D) and invasion
(Figure 2E) abilities of both SK-OV-3 and Caov3
cells.

We next investigated whether DUSP5 over-
expression affects cell proliferation, migration,
or invasiveness. Over-expression efficiency was

Am J Transl Res 2019;11(2):844-854
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Figure 3. DUSP5 over-expression suppresses the proliferation, migration and invasion ability in OC cells. DUSP5
over-expression efficiencies in two OC cell lines were examined by real-time PCR (A) and western blots (B). (C) Effects
of DUSP5 over-expression on SK-OV-3 and Caov-3 cell proliferation were monitored with CCK8 assays. (D) Effects
of DUSP5 over-expression on SK-OV-3 and Caov-3 cell migration were assessed using wound healing assays. (E) Ef-
fects of DUSP5 over-expression on SK-OV-3 and Caov-3 cell invasion were monitored by Transwell invasion assays.
Data are presented as mean + SEM, *, P < 0.05, **, P < 0.01.

confirmed by real-time PCR (Figure 3A) and
western blot (Figure 3B). As expected, DUSP5
over-expression impaired the proliferation of
both cell lines in CCK8 assays (Figure 3C).
However, DUSP5 over-expression did not affect
migration (Figure 3D) or invasion (Figure 3E) in
either cell line. Collectively, these data suggest
that DUSP5 suppresses OC cell proliferation,
migration, and invasion.

DUSP5 down-regulation transcriptionally
enhances IL-33 expression and secretion in
OC cells

The suppressive functions of DUSP5 in OC cell
growth, migration, and invasion suggest that it
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has a regulatory role in oncogenesis. DUSP5 is
reportedly a novel negative regulator of IL-33-
dependent eosinophil function and survival
[20]. Importantly, IL-33 was reported to predict
poor prognosis and promote OC cell growth and
metastasis [21]. We therefore performed real-
time PCR to evaluate the influence of DUSP5 on
IL-33 expression and secretion. DUSP5 knock-
down increased IL-33 transcription (Figure 4A).
ELISA (Figure 4B) results suggested that
DUSP5 knockdown markedly increased [L-33
secretion in the culture medium of SK-OV-3 and
Caov3 cells. Western blot (Figure 4C) results
further confirmed that DUSP5 knockdown
markedly increased the level of pro-IL-33 and
mature IL-33 in SK-OV-3 and Caov3 cells. To
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sion (Figure 6C) abilities were
further enhanced by adding
recombinant IL-33 protein to
the culture medium of SK-OV-
3 and Caov3 cells with or
without DUSP5 over-expres-
sion, suggesting an oncogenic
role of IL-33. Taken together,
these findings suggest that
the anti-oncogenic function of
DUSP5 is largely dependent
on transcriptional inhibition of
IL-33 expression.

Discussion

Ras/ERK signaling is implicat-
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Figure 4. IL.-33 expression and secretion are elevated in DUSP5 silenced OC
cells. (A) Relative IL-33 mRNA levels were evaluated by real-time-PCR in OC
cells with or without DUSP5 silencing. IL-33 protein levels in culture medium
were evaluated by western blot (B) and ELISA (C). (D) IL-33 promoter activity
was determined by dual-luciferase assays. Data are presented as mean +

SEM; *, P < 0.05, **, P < 0.01, ***, P < 0.001.

elucidate whether IL-33 is transcriptionally
induced following DUSP5 down-regulation, we
performed luciferase assays using a wild-type
IL-33 promoter (pGL3-2.5k-luc). As shown in
Figure 4D, DUSP5 silencing activated IL-33-Luc
but not the vector control group, suggesting
that DUSP5 transcriptionally regulates IL-33
expression.

The anti-oncogenic function of DUSP5 is de-
pendent on IL-33 signaling

Based on the above results, we decided to
determine whether targeting IL-33 signaling
could attenuate the anti-oncogenic function of
DUSP5. SK-0OV-3 and Caov3 cells were treated
with IL-33 neutralizing antibody (anti IL-33),
which inhibited the effects of DUSP5 silencing
on cell proliferation (Figure 5A), migration
(Figure 5B), and invasion (Figure 5C). Con-
versely, treatment with recombinant human
IL-33 protein rescued cell proliferation inhibi-
tion induced by DUSP5 over-expression (Figure
6A). Moreover, migration (Figure 6B), and inva-
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ed in the development and
progression of most human
cancers [22]. ERK activation
also increases the expression
of MKPs that inactivate ERK
[23]. Given that DUSP5 is
unique in its targeting of
classical ERK1/2, it acts as a
negative feedback regulator
of nuclear Ras/ERK signaling
[8, 9]. Although DUSP5 has
tumor-suppressive functions
in several types of cancer, its
role in OC remains unclear. In
this study, we initially demonstrated that the
DUSP5 is a potent tumor suppressor in OC. We
provided evidence that DUSP5 is aberrantly
down-regulated in OC tissues. Patients with low
DUSP5 expression have shorter overall surviv-
al, indicating that DUSP5 could serve as an
independent prognostic factor in OC. DUSP5
silence promotes proliferation, migration and
invasion of OC cells, whereas over-expression
increased proliferation, indicating that DUSP5
functions as a tumor suppressor in the patho-
genesis of OC. We uncovered a key function of
DUSP5 in suppressing IL-33 expression and
secretion, and these actions are likely respon-
sible for tumor suppression.

IL-33 is a member of the IL-1 family of cytokines
that is released by necrotic epithelial cells or
activated innate immune cells [24, 25]. This
cytokine plays important roles in immune-
mediated conditions such as infection, allergy,
and autoimmune diseases [26, 27]. Recent
studies revealed its potential function in modu-
lating anti-tumor immunity and tumor growth in

Am J Transl Res 2019;11(2):844-854
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different organs [28-31]. A previous study indi-
cated that up-regulation of IL-33 expression in
epithelial OC (EOC) leads to tumor develop-
ment and progression [13]. Furthermore, the
IL-33/ST2 axis is closely associated with poor
prognosis in EOC patients, and it promotes OC
growth and metastasis by regulating ERK and
JNK signaling [20]. These results further sug-
gest crosstalk between DUSP5S/ERK and
IL-33/ST2 signaling. In this study, we found that
DUSP5 transcriptionally inhibits IL-33 expres-
sion. We also confirmed that DUSP5 decreas-
es IL-33 levels in the culture medium of OC
cells. In accordance with previous reports that
IL-33 contributes to each step of progression
including proliferation, migration, and invasion,
we found that IL-33 neutralization blocks
DUSP5’s tumor-suppressive activity. Moreover,
recombinant IL-33 protein treatment dramati-
cally enhances OC cell proliferation, migration,
and invasion ability with or without DUSP5 over-
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expression, suggesting an oncogenic role of
IL-33.

In summary, our results indicate that DUSP5
down-regulation contributes to malignancy by
activating IL-33 expression and secretion in OC
cells. Enhancing DUSP5 expression could be an
effective treatment for patients with OC with
elevated IL-33 levels.

Acknowledgements

This work was supported by grants from the
National Natural Science Foundation of China
(grant number: 81772773, 81672560, 813-
02275), Major scientific and technological proj-
ect of Changzhou municipal health and Family
Planning Commission (grant number: ZD-
201716), Science and Technology Develop-
ment Project of Nanjing Medical University
(grant number: 2017NJMUZD043), and Natural

Am J Transl Res 2019;11(2):844-854



The role of DUSP5 in ovarian cancer

A B Blank
Lv-NC Lv-DUSP5
= Lv-DUSP5+IL-33
- Lv-NC+IL-33 -
-= Lv-DUSP5 w | e
== LwNC 5
§ 1.5 # ux, =
o &
2 10
o
S 05 <
(=]
= s @
3 0.0 4
2 0 24 48 72 8|,
-+
(3]
- Lv-DUSP5+IL-33 C
—a—  Lv-NC+IL-33 Blank
-=~ Lv-DUSP5 Wiy
e Lv-NC  Lv-DUSP5
8 15 ©
g * 3
o o
2 10 ¥
> w
= ?
£ 0.5 o
3 .3
T 0.0
= 0 24 48 72

Lv-NC

Lv-NC

IL-33

Lv-DUSP5

Em Lv-NC

mm Lv-DUSPS
B Lv-NC+IL-33

W Lv-DUSP5+IL-33
25 4

SK-OV-3 Cavo-3

Relative migration distance

Lv-NC
Lv-DUSP5
Lv-NC+IL-33
Lv-DUSP5+IL-33

IL-33
Lv-DUSP5

[
LR

200

2

100

o 8

SK-OV-3 Cavo-3

Relative migration distance

Figure 6. Exogenous IL-33 treatment extremely promoted the proliferation, migration, and invasion ability of both
wildtype and DUSP5 over-expressed SK-OV-3 and Caov-3 cells. Effects of exogenous IL-33 treatment on the prolif-
eration (A), migration (B), and invasion (C) ability of DUSP5 over-expressed SK-OV-3 and Caov-3 cells as measured
by CCK8, wound healing, and Transwell invasion assays, respectively. Data are presented as mean + SEM; *, P <
0.05 versus corresponding Lv-NC group, #, P < 0.05, ##, P < 0.01 versus corresponding blank group.
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