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Abstract Sprouty (SPRY) proteins are well-characterized
factors that inhibit receptor tyrosine kinase (RTK)-mediated
activation of cellular signaling pathways. The down-
regulation of SPRY4 expression has been reported in human
ovarian cancer. However, the specific roles and mechanisms
by which SPRY4 affects ovarian cancer progression are
completely unknown. Amphiregulin (AREG) binds exclu-
sively to the epidermal growth factor receptor (EGFR) and
has been considered to be a dominant autocrine/paracrine
EGFR ligand in ovarian cancer. In the present study, we first
examined the effects of AREG on SPRY4 expression and the
possible underlying molecular mechanisms involved in this
process in two human ovarian cancer cell lines. Our results
demonstrated that treatment with AREG up-regulated SPRY4
expression by activating the ERK1/2 signaling pathway. In
addition, we showed that small interfering RNA (siRNA)-me-
diated knockdown of SPRY4 attenuated the AREG-induced
down-regulation of E-cadherin by inhibiting the expression of
SNAIL but not SLUG. In contrast, overexpression of SPRY4
enhanced AREG-induced down-regulation of E-cadherin by
increasing the expression of SNAIL. Moreover, SPRY4
knockdown attenuated AREG-induced cell migration and in-
vasion. Overexpression of SPRY4 enhanced AREG-induced
cell invasion. This study reveals that SPRY4 is involved in
EGFR-mediated human ovarian cancer progression.
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Introduction

Sprouty (SPRY), which can antagonize fibroblast growth factor
(FGF)-regulated tracheal development, was first identified in
Drosophila [1]. Four mammalian SPRY genes (SPRYI—4) with
sequence similarity to Drosophila SPRY have been identified [2].
In adult and mouse embryos, SPRY1, SPRY2, and SPRY4 are
present in various tissues and organs, whereas the expression of
SPRY3 is restricted to the brain and testes in adults [2, 3]. To date,
many studies have demonstrated that, similar to Drosophila
SPRY, mammalian SPRY inhibits the activation of the ERK1/2
signaling pathway in response to a wide range of growth factors
[4]. Moreover, increasing evidence has indicated that there is
aberrant expression of SPRY in different types of human cancer,
and SPRY is involved in the regulation of tumorigenesis [5].
Although ovarian cancer accounts for only approximately
3 % ofall cancers among women, it remains the primary cause
of death from gynecological malignancies in developed coun-
tries due to the lack of effective screening methods and a
paucity of symptoms during the early stages of the disease.
The majority of women with ovarian cancer are diagnosed at a
late stage when the cancer has spread beyond the confines of
the ovary. Overexpression of the epidermal growth factor re-
ceptor (EGFR) has been detected in ovarian cancer and is
associated with more aggressive clinical behavior and a poor
prognosis [6]. Multiple cognate ligands have been shown to
bind to and activate the EGFR, while only epidermal growth
factor (EGF), amphiregulin (AREG) and transforming growth
factor- (TGF-«) bind to the EGFR exclusively [7]. In ovar-
ian cancer tissues, cell lines, and peritoneal fluid, the expres-
sion levels of AREG are significantly higher than those of
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EGF or TGF-a, which indicates that AREG is the most im-
portant autocrine/paracrine ligand of the EGFR [8, 9].

We have shown that treating human ovarian cancer cells
with AREG induces cell invasion by down-regulating E-
cadherin expression [10, 11]. In addition, activation of
ERK1/2 signaling is involved in EGFR-mediated down-regu-
lation of E-cadherin and cell invasion in ovarian cancer cells
[11-14]. Importantly, recent studies by our and other groups
have demonstrated that the expression levels of SPRY4 are
down-regulated in ovarian cancer cell lines and clinical tissue
samples, which suggest that SPRY4 has an important role in
ovarian cancer progression [15, 16]. However, thus far, the
function of SPRY4 in ovarian cancer is completely unknown.
In addition, whether AREG can regulate SPRY4 expression
needs to be determined. Given the importance of SPRY proteins
in regulating ERK1/2 activity, the present study was designed
to investigate the effects of AREG on SPRY4 expression and to
clarify the role of SPRY4 in AREG-induced down-regulation
of E-cadherin and cell invasion in human ovarian cancer.

Materials and methods
Cell culture

The SKOV3 human ovarian cancer cell line was obtained from the
American Type Culture Collection (Manassas, VA). The
OVCARS human ovarian cancer line was kindly provided by Dr.
T.C. Hamilton (Fox Chase Cancer Center, Philadelphia, PA). Cells
were grown in a 1:1 (v/v) mixture of M199/MCDB105 medium
(Sigma, Oakville, ON) supplemented with 10 % fetal bovine serum
(FBS; Hyclone Laboratories Inc., Logan, UT). The cultures were
maintained at 37 °C in a humidified 5 % CO, atmosphere.

Antibodies and reagents

The polyclonal anti-sprouty4 antibody (#ab7513) was obtained
from Abcam (Toronto, ON). The monoclonal anti-E-cadherin
antibody (#610181) was obtained from BD Biosciences (Mis-
sissauga, ON). The polyclonal anti-actin antibody (#sc-1615)
was obtained from Santa Cruz Biotechnology (Santa Cruz,
CA). The polyclonal anti-ERK1/2 (#9102), anti-phospho-
AKT (#9271), anti-AKT (#9272), anti-Slug (#9585), monoclo-
nal anti-phospho-ERK1/2 (#9106), and anti-Snail (#3895) an-
tibodies were obtained from Cell Signaling Technology (Dan-
vers, MA). Horseradish peroxidase-conjugated goat anti-
mouse IgG and goat anti-rabbit IgG were obtained from Bio-
Rad Laboratories (Hercules, CA). Horseradish peroxidase-
conjugated donkey anti-goat IgG was obtained from Santa
Cruz Biotechnology. AG1478 and LY294002 were obtained
from Sigma. U0126 was obtained from Calbiochem (San
Diego, CA). Recombinant human AREG was purchased from
R&D Systems (Minneapolis, MN).
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Small interfering RNA transfection and overexpression

For endogenous ERK 1, ERK2, or SPRY4 knockdown, the cells
were transfected with 50 nM ON-TARGETplus SMARTpool-
specific small interfering RNA (siRNA) (Dharmacon Research,
Inc., Lafayette, CO) using Lipofectamine RNAIMAX
(Invitrogen, Burlington, ON). Non-targeting siCONTROL
siRNA (Dharmacon) was used as a transfection control. To
overexpress human SPRY4, 1 pg pXJ40-FLAG-SPRY4 vector
or empty pXJ40-FLAG vector (gifts from Dr. Graeme R. Guy,
Institute of Molecular and Cell Biology, Singapore) was
transfected using Lipofectamine 3000 (Invitrogen).

Real-time quantitative PCR (RT-qPCR)

Total RNA was extracted using the TRIzol reagent (Invitrogen,
Life Technologies, Burlington, ON) according to the manufac-
turer’s instructions. Reverse transcription was performed with
3 ng RNA, random primers, and M-MLV reverse transcriptase
(Promega, Madison, WI). The primers used for SYBR Green
real-time quantitative PCR (RT-qPCR) were as follows:
SPRY4, forward 5'-AGC CTG TAT TGA GCG GTT TG-3'
and reverse 5'-GGT CAA TGG GTA GGA TGG TG-3'; E-
cadherin, forward 5-ACA GCC CCG CCT TAT GAT T-3'
and reverse 5-TCG GAA CCG CTT CCT TCA-3"; SNAIL,
forward 5'-CCC CAATCG GAA GCC TAA CT-3" and reverse
5'- GCT GGA AGG TAA ACT CTG GAT TAG A-3'; SLUG,
forward 5-TTC GGA CCC ACA CAT TAC CT-3' and reverse
5'-GCA GTG AGG GCA AGA AAA AG-3'; and GAPDH,
forward 5-GAG TCA ACG GAT TTG GTC GT-3' and reverse
5'-GAC AAG CTT CCC GTT CTC AG-3'". RT-qPCR was
performed using an Applied Biosystems 7300 Real-Time
PCR System (Perkin-Elmer) equipped with a 96-well optical
reaction plate. All RT-qPCR results represent the means from at
least three independent experiments conducted in triplicate.
The relative quantification of the messenger RNA (mRNA)
levels was performed by the comparative Ct method using
GAPDH as the reference gene and the formula 274",

Western blot

Cells were lysed in lysis buffer (Cell Signaling Technology),
and the protein concentrations were determined using a DC
protein assay kit with BSA as the standard (Bio-Rad Labora-
tories). Equal amounts of protein were separated by SDS poly-
acrylamide gel electrophoresis and were transferred to PVDF
membranes. After being blocked with Tris-buffered saline
(TBS) containing 5 % non-fat dry milk for 1 h, the membranes
were incubated overnight at 4 °C with primary antibodies,
followed by incubation with the HRP-conjugated secondary
antibody. Immunoreactive bands were detected with an en-
hanced chemiluminescent substrate (Pierce, Rockford, IL).
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Migration and invasion assay

Cell culture inserts (24-well, pore size 8 um; BD
Biosciences) were seeded with 1% 10° cells in 250 ul of
medium with 0.1 % FBS. Uncoated inserts were used for
migration assays whereas inserts pre-coated with growth
factor reduced Matrigel (50 pl, 1 mg/ml; BD Biosciences)
were used for invasion assays. Medium with 10 % FBS
(750 pl) was added to the lower chamber and served as a
chemotactic agent. After 24- (migration) or 48-h (invasion)
incubation, non-migrating/invading cells were wiped from
the upper side of the membrane and cells on the lower side
were fixed in cold methanol and air-dried. The cell nuclei
were stained with crystal violet (Sigma), and the cell num-
bers were counted. Each individual experiment was per-
formed with triplicate inserts, and five microscopic fields
were counted per insert.

Fig. 1 AREG up-regulates A
SPRY4 expression in human

ovarian cancer cells. a SKOV3

cells were treated with 10 ng/ml

AREG for different time periods;

then, the SPRY4 mRNA levels

were examined by RT-qPCR. The

level of SPRY4 mRNA at each

time point was normalized to the
GAPDH mRNA level at the same

time point. b, ¢ SKOV3 cells were

treated for 3 h with vehicle control

or with different concentrations of B
AREG,; then, the SPRY4 mRNA

(b) and protein (c) levels were

examined by RT-qPCR and

Western blot, respectively. d, e

SKOV3 (d) and OVCARS (e)

cells were treated with 10 ng/ml

AREG for different time periods;

then, the SPRY4 protein levels

were examined by Western blot. 0-
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Statistical analysis

The results are presented as the means+SEM of at least three
independent experiments. The results were analyzed by a one-
way ANOVA and Tukey’s multiple comparison test using the
PRISM software. Significant differences were defined by
values of P<0.05.

Results

Amphiregulin up-regulates SPRY4 expression in human
ovarian cancer cells

To examine the effects of AREG on SPRY4 expression,
SKOV3 human ovarian cancer cells were treated with
10 ng/ml AREG for different periods of time, and the
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Fig. 2 ERK1/2 signaling is
required for the AREG-induced
up-regulation of SPRY4
expression. a SKOV3 and
OVCARS cells were treated with
10 ng/ml AREG for 5, 10, and
30 min; then, the levels of p-
ERK1/2 and p-AKT were
examined by Western blot. b
SKOV3 and OVCARS cells were
treated with vehicle control
(DMSO), 10 uM AG1478,

10 uM U0126, or 10 uM
LY294002 for 30 min and then
were treated with 10 ng/ml AREG
for 3 h. The protein levels of
SPRY4 were examined by
Western blot. The results are
expressed as the means + SEM of
at least three independent
experiments. Values without a
common letter are significantly
different (P <0.05)

SPRY4 mRNA levels were examined by RT-qPCR. As
shown in Fig. 1a, the SPRY4 mRNA levels were signifi-
cantly up-regulated by treatment with AREG, with the

Fig. 3 Knockdown of ERK1/2
attenuates AREG-induced up-
regulation of SPRY4 expression.
SKOV3 and OVCARS cells were
transfected for 48 h with 50 nM
control siRNA (siCtrl) or ERK1/2
siRNAs (siERK1/2) and then
treated with 10 ng/ml of AREG
for 3 h. The protein levels of
SPRY4 and ERK1/2 were
examined by Western blot. The
results are expressed as the means
+ SEM of at least three
independent experiments. Values
without a common letter are
significantly different (P <0.05)
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effects of different concentrations of AREG (1, 10, and
100 ng/ml) on SPRY4 expression. As shown in Fig. 1b, c,
treatment with 1 ng/ml AREG did not significantly up-
regulate the SPRY4 mRNA or protein levels. However,
treatment with 10 and 100 ng/ml AREG led to compara-
ble stimulatory effects on the SPRY4 mRNA and protein
levels. Therefore, 10 ng/ml AREG was used in the subse-
quent experiments. In addition, treatment with AREG up-
regulated SPRY4 protein levels in a time-dependent man-
ner (Fig. 1d). Moreover, the stimulatory effect of AREG
on SPRY4 protein expression was further confirmed in
another human ovarian cancer cell line, OVCARS
(Fig. le).

Amphiregulin up-regulates SPRY4 expression
by activating ERK1/2 signaling

Consistent with our previous study [11], treatment with
AREG activated ERK1/2 and AKT signaling pathways in
human ovarian cancer cells (Fig. 2a). Like EGF, AREG has
been shown to bind exclusively to the EGFR [18]. To confirm
the involvement of EGFR in the AREG-induced up-regulation
of SPRY4, we used a specific EGFR tyrosine kinase inhibitor,
AG1478, to block the function of the EGFR. As shown in
Fig. 2b, pretreatment with AG1478 abolished the stimulatory
effect of AREG on the SPRY4 protein expression in both
SKOV3 and OVCARS cells. To examine whether the

Fig. 4 Knocking down SPRY4 A SKOV3 OVCARS5
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ERK1/2 or PI3K/AKT signaling pathway is required for
AREG-induced up-regulation of SPRY4 expression, a MEK
inhibitor, U0126, and a PI3K inhibitor, LY294002, were used
to block the activity of ERK1/2 and AKT, respectively. The
Western blot results showed that inhibition of ERK1/2 signal-
ing attenuated the AREG-induced up-regulation of the SPRY 4
protein levels in both SKOV3 and OVCARS cells. However,
the stimulatory effect of AREG on the SPRY4 protein levels
was not affected by the inhibition of PI3K/AKT signaling
(Fig. 2b).

Knockdown of ERK1/2 attenuates amphiregulin-induced
up-regulation of SPRY4 expression

To further confirm the involvement of ERK1/2 signaling in
AREG-induced SPRY4 expression and avoid off-target ef-
fects of the pharmacological inhibitor, the endogenous expres-
sion of ERK1/2 was knocked down by transfection with spe-
cific siRNAs. As shown in Fig. 3, ERK1/2 siRNAs specifi-
cally down-regulated ERK1/2 protein levels in both SKOV3
and OVCARS cells. In addition, knockdown of ERK1/2 at-
tenuated the AREG-induced up-regulation of SPRY4 protein
levels. These results clearly indicated that the AREG-induced
up-regulation of SPRY4 expression in human ovarian cancer
cells is mediated by the ERK1/2 signaling pathway.

Knockdown of SPRY4 attenuates amphiregulin-induced
down-regulation of E-cadherin expression

To examine the role of SPRY4 in the AREG-induced down-
regulation of E-cadherin, a siRNA-mediated knockdown ap-
proach was used to block the function of SPRY4. As shown in

Fig. 4a, transfecting SKOV3 and OVCARS cells with SPRY4
siRNA not only knocked down the endogenous SPRY4
mRNA levels but also eliminated the AREG-induced up-reg-
ulation of the SPRY4 mRNA levels. Importantly, SPRY4
knockdown did not affect the basal mRNA levels of E-
cadherin but significantly attenuated the AREG-induced
down-regulation of the E-cadherin mRNA levels. Similarly,
Western blot results showed that knockdown of SPRY4 atten-
uated AREG-induced down-regulation of E-cadherin protein
levels in both SKOV3 and OVCARS cells (Fig. 4b).

Overexpression of SPRY4 enhances
amphiregulin-induced down-regulation of E-cadherin
expression

Next, we performed forced-expression studies to further
confirm the role of SPRY4 in AREG-induced down-reg-
ulation of E-cadherin. As shown in Fig. 5, SKOV3 and
OVCARS cells transfected with vector encoding human
SPRY4 had significantly increased SPRY4 protein levels
compared to cells transfected with empty vector. In ad-
dition, overexpression of SPRY4 enhanced AREG-
induced down-regulation of E-cadherin protein levels.
These results clearly indicate that SPRY4 is required
for AREG-induced down-regulation of E-cadherin in hu-
man ovarian cancer cells.

Knockdown of SPRY4 attenuates amphiregulin-induced
up-regulation of SNAIL expression

SNAIL and SLUG are the best characterized transcrip-
tional repressors of E-cadherin [19]. Our previous

Fig.5 Overexpression of SPRY4 SKOV3 OVCARS
enhances the AREG-induced
down-regulation of E-cadherin. Vector SPRY4 Vector SPRY4
SKOVS3 and OVEARS cells were Ctrl AREG Ctrl AREG Ctrl AREG Ctrl AREG
transfected for 48 h with 1 ug
control vector (Vector) or SPRY4 E-cadherin == v s E-cadherin == « = s -
overexpression vector (SPRY4)
and then treated with 10 ng/ml of SPRY4 - ' . SPRY4 — . '
AREG for 24 h. The protein
levels of E-cadherin and SPRY4 Actin | Actin
were examined by Western blot.
The results are expressed as the . .
means + SEM of at least three 15 E-cadherin E-cadherin
. . = 1.59 = 1.5
independent experiments. Values = =
without a common letter are Q Q
significantly different (P <0.05) % 1.01 a % 1.0 a 2
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T 0.51 b T 0.51 -
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studies have shown that treatment of SKOV3 cells with
AREG up-regulates SNAIL and SLUG expression, and
both SNAIL and SLUG are required for the AREG-
induced down-regulation of E-cadherin [10, 11]. There-
fore, we examined whether knocking down SPRY4 af-
fects the AREG-mediated up-regulation of SNAIL and
SLUG. As shown in Fig. 6a, consistent with our previ-
ous studies, treatment with AREG up-regulated the
SNAIL and SLUG mRNA levels in both SKOV3 and
OVCARS cells. Interestingly, SPRY4 knockdown atten-
uated the AREG-induced up-regulation of the SNAIL
mRNA levels, but not those of SLUG. Consistent with
RT-qPCR results, in both SKOV3 and OVCARS cells,
Western blot results showed that knockdown of SPRY4
attenuated the AREG-induced up-regulation of the
SNAIL protein levels. The AREG-induced SLUG

Fig. 6 Knocking down SPRY4
attenuates the AREG-induced up-
regulation of SNAIL. a, b
SKOV3 and OVCARS cells were
transfected for 48 h with 50 nM
control siRNA (siCtrl) or SPRY4
siRNA (siSPRY4) and then
treated with 10 ng/ml of AREG

A —S:(OV3 SNAIL

SNAIL/GAPDH
N w
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-

for 3 h. The mRNA (a) and
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protein (b)dlevels of SNAIL, sictrl <ISPRY4
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independent experiments. Values
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significantly different (P <0.05)
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protein levels were not affected by SPRY4 knockdown
(Fig. 6b).

Overexpression of SPRY4 enhances
amphiregulin-induced up-regulation of SNAIL expression

Similarly, we performed forced-expression studies to further
confirm the role of SPRY4 in AREG-induced up-regulation of
SNAIL and SLUG. As shown in Fig. 7, SKOV3 and
OVCARS cells transfected with vector encoding human
SPRY4 had significantly increased SPRY4 protein levels
compared to cells transfected with empty vector. In addition,
overexpression of SPRY4 enhanced AREG-induced up-regu-
lation of SNAIL protein levels. The AREG-induced SLUG
protein levels were not affected by SPRY4 overexpression.
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SPRY4 is required for amphiregulin-induced cell
migration and invasion

We have previously shown that down-regulating E-cadherin ex-
pression promotes human ovarian cancer cell invasion [10, 11,
20]. We next examined whether SPRY4 knockdown also affects
the AREG-induced cell migration and invasion. As shown in
Fig. 8a, treatment with AREG induced cell migration in both
SKOV3 and OVCARS cells. SPRY4 knockdown did not affect
the basal level of cell migration but significantly attenuated the
AREG-induced cell migration. Similarly, in both cell lines,
AREG treatment induced cell invasion and the AREG-induced
cell invasion was attenuated by knockdown of SPRY4 (Fig. 8b).
Moreover, overexpression of SPRY4 enhanced AREG-induced
cell invasion in both SKOV3 and OVCARS cells (Fig. 8c).

Discussion

Although the down-regulation of SPRY4 has been reported in
human ovarian cancer, the regulation and function of SPRY4

remain unknown. It has been shown that SPRY4 expression
can be rapidly up-regulated in human and mouse fibroblasts
by treatment with serum and EGF, FGF, insulin growth factor
(IGF) or platelet-derived growth factor (PDGF) [21-24].
However, the effects of an EGFR ligand, AREG, on SPRY4
expression were unknown. In the present study, we showed
that treatment of two human ovarian cancer cell lines with
AREG up-regulated the SPRY4 expression. Many studies
have demonstrated that ERK1/2 is the major signaling path-
way that mediates the growth factor-induced up-regulation of
SPRY4 [22-24]. Consistent with the previous findings obtain-
ed using pharmacological inhibitors, our results showed that
ERK1/2, but not the PI3K/AKT signaling pathway, was re-
quired for AREG-induced up-regulation of SPRY4 in ovarian
cancer cells.

Generally, SPRY proteins are able to inhibit the receptor
tyrosine kinase (RTK)-mediated ERK1/2 activation [25]. In-
teresting, the inhibitory function of SPRY4 has been shown to
be ligand-specific. In human embryonic kidney fibroblasts
and mouse embryonic fibroblasts, SPRY4 inhibits the FGF-
induced activation of ERK1/2 but enhances the EGF-induced

Fig.7 Overexpression of SPRY4 SKOV3 OVCAR5

enhances the AREG-induced up-

regulation of SNAIL. SKOV3 Vector SPRY4 Vector SPRY4
and OVCARS cells were Ctrl AREG Ctrl AREG Ctrl AREG Ctrl AREG
transfected for 48 h with 1 pg

control vector (Vector) or SPRY4 SNAIL i e SNAIL _— -
overexpression vector (SPRY4) pram—. ann

and then treated with 10 ng/ml of SLUG SLUG -
AREG for 3 h. The protein levels

of SNAIL, SLUG, and SPRY4 SPRY4 e ' SPRY4 “m .

were examined by Western blot.
The results are expressed as the
means + SEM of at least three
independent experiments. Values

Actin ———— e e c—

Actin = e c— c—

without a common letter are 15- SNAIL & 15- SNAIL
significantly different (P <0.05) I
= = c
Q 10- b © 10- ==
< < b
- L = ==
< G < 5.
=z 5 =z 5
» - a n a a
c L] L] L) L] L] L] L] L]
Ctrl AREG Ctrl AREG Ctrl AREG Ctrl AREG
Vector SPRY4 Vector SPRY4
SLUG SLUG
154 151
c b b c b b
.'.3 10 = = "3 10 L T
< =t
2 2
o 5 o 5
(7)) n
a a a a
1 T — T 1 T 1 T
Ctrl AREG Ctrl AREG Ctrl AREG Ctrl AREG
Vector SPRY4 Vector SPRY4
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Fig. 8 SPRY4 knockdown
attenuates AREG-induced cell

migration and invasion. a, b SKOV3 OVCAR5
SKOV3 and OVCARS cells were 6- 61
transfected with 50 nM control c b c |
siRNA (siCtrl) or SPRY4 siRNA 8 9 T 8° .
(siSPRY4) for 48 h. After © 41 c © 41 T
transfection, the cells were treated 23 I D 3]
with 10 ng/ml AREG and the E 2] E 2 <
effects of AREG on cell migration 2 ; a a 2 ; a a
(a) and invasion (b) were o | I | | (S | | | |
examined by the Transwell 0 T T T T 0 T T T T
migration/invasion assay. ¢ Ctrl AREG Ctrl AREG Ctrl AREG Ctrl AREG
SKOV3 and OVCARS cells were siCtrl siSPRY4 siCtrl siSPRY4
transfected with 1 pg control B
vector (Vector) or SPRY4 Invasion
overexpression vector (SPRY4)
for 48 h. After transfection, the SKOV3 OVCARS5
cells were treated with 10 ng/ml 6 6
AREG and the effects of AREG c 5 < 5
on cell invasion were examined % b %
by the Transwell invasion assay. @ 41 T 4
The results are expressed as the 2 3 c 2 31 b
means = SEM of at least three = 2 = 2 <
independent experiments. Values 8 1] 2 a 8 P a
without a common letter are | | I I | | I |
significantly different (P <0.05) 0 T T 0 T T
Ctrl AREG Ctrl AREG Ctrl AREG Ctrl AREG
siCtrl siSPRY4 siCtrl siSPRY4
c Invasion
SKOV3 OVCAR5
64 6-
c T c
S ° S 5
1 ! c
E % £
T 2 a 32 a
a a
O 14 I_l I——-I O 1- ﬁ I;|
c v L) c v L}
Ctrl AREG Ctrl AREG Ctrl AREG Ctrl AREG
Vector SPRY4 Vector SPRY4

ERK1/2 activation [23, 26]. Given the binding specificity of
AREG to the EGFR, these results suggest that SPRY4 may
enhance the effects of AREG. Indeed, our loss- and gain-of-
function experiments showed that SPRY4 is required for the
AREG-induced down-regulation of E-cadherin and ovarian
cancer cell invasion. In human ovarian cancer, not only the
EGFR but also many other RTKs are involved in disease
progression, and targeting RTKSs has been applied for the clin-
ical treatment of ovarian cancer patients [27, 28]. Therefore,
although the loss of SPRY4 attenuates EGFR-mediated
ERK1/2 activation and cellular functions, it may also enhance
other RTK-mediated cellular functions, which could contrib-
ute to the progression of ovarian cancer. Interestingly, the
overexpression of SPRY4 has been shown to inhibit the basal
cell migration and invasion of human prostate and lung can-
cers [29, 30]. However, the effects of SPRY4 overexpression
on growth factor-induced cancer cell migration and invasion

were not examined in those studies. In the present study, our
results showed that knocking down SPRY4 did not affect the
basal cell invasiveness but did attenuate the AREG-induced
invasion of ovarian cancer cells. Moreover, overexpression of
SPRY4 enhanced the AREG-induced cell invasion. These re-
sults indicate that SPRY4 acts in a context-dependent manner.
Thus, further studies will be needed to clarify the role of
SPRY4 in regulating the progression of different human
cancers.

SPRY proteins have proved to exert divergent effects, and
the role of different SPRY proteins in regulating of cancer
progression is associated with complexity and even controver-
sy [5]. To the best of our knowledge, the functions of SPRY
protein in human ovarian cancer progression remain largely
unknown. In SKOV3 cells, overexpression of SPRY1 sup-
presses cell proliferation, migration, and invasion [31]. Our
previous study shows that, in SKOV3 cells, the basal levels
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of E-cadherin expression or cell invasiveness are not affected
by overexpression of SPRY2. However, the SPRY2 overex-
pression attenuates EGF-induced down-regulation of E-
cadherin and cell invasion [16]. These results indicate that
SPRY?2 antagonizes the effects of EGF on the E-cadherin
down-regulation and cell invasion. Interestingly, the current
study demonstrated that SPRY4 was required for the AREG-
induced down-regulation of E-cadherin and cell invasion.
Given the exclusive binding between EGF/AREG and EGFR,
our studies indicated that, in human ovarian cancer cells,
SPRY2 and SPRY4 have opposing effect on regulation of
EGFR-mediated E-cadherin down-regulation and cell inva-
sion. Our previous study and a recent immunohistochemical
study show that SPRY?2 and SPRY4 proteins are significantly
down-regulated in human ovarian cancer cell lines and clinical
tissue samples [15, 16]. Importantly, patients with the low
expressing of SPRY2, but not SPRY4, have significantly
poorer survival than those with high expression of SPRY?2
[15]. These results suggest that the roles of SPRY?2 in regulat-
ing human ovarian cancer progression may be more important
than that of SPRY4. However, the details of the molecular
mechanisms underlying the different roles of SPRY2 and
SPRY4 in regulation of E-cadherin expression and cell inva-
sion in human ovarian cancer remain unknown and warrant
further investigation.

SPRY?2 has been shown to regulate E-cadherin expression
by modulating its transcriptional repressors [16, 32]. Howev-
er, it is currently unclear if the same is true for SPRY4. In this
study, we showed that knocking down SPRY4 did not affect
the basal levels of E-cadherin, SNAIL, or SLUG. Interesting-
ly, SPRY4 knockdown attenuated the AREG-induced down-
regulation of E-cadherin by inhibiting SNAIL, but not SLUG,
expression. Moreover, overexpression of SPRY4 enhanced
AREG-induced down-regulation of E-cadherin by increasing
SNAIL, but not SLUG, expression. It has previously been
shown that knocking down SPRY2 resulted in different inhib-
itory effects on SNAIL and SLUG expression in two human
colorectal cancer cell lines [32]. These results suggest that the
effects of SPRY proteins on E-cadherin transcriptional repres-
sors are cell-type dependent. Future studies will be required to
investigate in more detail of the molecular mechanisms under-
lying this regulation.

In summary, our results showed that treatment with the
most abundant and important EGFR ligand, AREG, up-
regulated the SPRY4 expression in human ovarian cancer
cells by activating the ERK1/2 signaling pathway. In addition,
using loss- and gain-of-function approaches, we showed that
SPRY4 was required for the AREG-induced down-regulation
of E-cadherin and cell invasion. These results provide for the
first evidence of the involvement of SPRY4 in ovarian cancer
progression. A better understanding of the mechanisms under-
lying the function and regulation of SPRYs may provide an
opportunity to develop novel therapeutic strategies.
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