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15-Deoxy-A'>'*-prostaglandin J, Induces Epithelial-to-
mesenchymal Transition in Human Breast Cancer Cells
and Promotes Fibroblast Activation
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In inflammation-associated carcinogenesis, COX-2 is markedly overexpressed, resulting in accumulation of various prostaglan-
dins. 15-deoxy-A""-prostaglandin J, (15d-PGJ,) is one of the terminal products of COX-2-catalyzed arachidonic acid catabolism
with oncogenic potential. Epithelial-to-mesenchymal transition (EMT) is a process by which epithelial cells lose their polarity and
adhesiveness, and thereby gain migratory and invasive properties. Treatment of human breast cancer MCF-7 cells with 15d-PGJ,
induced EMT as evidenced by increased expression of Snail and ZEB1, with concurrent down-regulation of E-cadherin. Nuclear
extract from 15d-PGJ,-treated MCF-7 cells showed the binding of Snail and ZEB1 to E-box sequences present in the E-cadherin
promoter, which accounts for repression of E-catherin expression. Unlike 15d-PGJ,, its non-electrophilic analogue 9,10-dihy-
dro-15d-PGJ, failed to induce EMT, suggesting that the a,B-unsaturated carbonyl group located in the cyclopentenone ring of
15d-PGJ, is essential for its oncogenic function. Notably, the mRNA level of interleukin-8 (IL-8)/CXCL8 was highly elevated in
15d-PGJ,-stimulated MCF-7 cells. 15d-PGJ,-induced up-regulation of IL-8/CXCL8 expression was abrogated by silencing of Snail
short interfering RNA. Treatment of normal fibroblast with conditioned medium obtained from cultures of MCF-7 cells undergoing
EMT induced the expression of activated fibroblast marker proteins, a-smooth muscle actin and fibroblasts activation protein-a.
Co-culture of normal fibroblasts with 15d-PGJ,-stimulated MCF-7 cells also activated normal fibroblast cells to cancer associated
fibroblasts. Taken together, above findings suggest that 15d-PGJ, induces EMT through up-regulation of Snail expression and sub-
sequent production of CXCL8 as a putative activator of fibroblasts, which may contribute to tumor-stroma interaction in inflammato-
ry breast cancer microenvironment.
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INTRODUCTION

Breast cancer is one of the most common female cancers,
predominantly causing carcinoma-associated death in wom-
en. The high mortality of breast cancers results from metas-
tasis rather than the primary tumor [1]. Epithelial-to-mesen-
chymal transition (EMT), an underlying process of cancer
progression, is a crucial event in initiation of the tumor me-
tastasis [2]. During EMT, cancer cells lose epithelial cell-cell
junctions and acquire migratory characteristics to become

motile fibroblastic cells with metastatic capacity. E-cadherin,
a major adhesion molecule contributing to cell-cell junctions,
is highly expressed in epithelium-derived cancer cells. As
cancer cells undergo EMT, the expression of E-cadherin is
down-regulated [3], whereas levels of proteins expressed in
mesenchymal cells are enhanced. The down-regulation of
E-cadherin is known to be regulated by repressive transcrip-
tion factors such as Snail, Slug, and ZEB1, which bind to the
E-box present in its promoter region [4].

Metastasis of cancer cells is induced by several factors
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including an inflammatory microenvironment [5]. Aberrant
up-regulation of COX-2, a prototypic pro-inflammatory en-
zyme mediating the biosynthesis of prostaglandins from
arachidonic acid, is associated with the progression of breast
cancer [6]. 15-Deoxy-A""*-prostaglandin J, (15d-PGJ,), a
cyclopentenone prostaglandin, is one of the final products of
the COX-2-dependent arachidonic acid pathway (Fig. 1) [7].
Although 15d-PGJ, has been shown to have anti-carcino-
genic roles [8], it also promotes tumor development, such as
cell proliferation, angiogenesis, and metastasis [9]. 15d-PGJ,
contains an electrophilic a,-unsaturated carbonyl group in its
cyclopentenone ring, which may play a crucial role in exerting
pro- or anti-carcinogenic effects.

During the progression of cancer, the tumor microenviron-
ment plays a pivotal role by providing the field for cancer and
stromal cells for interaction [10]. Among the components of
the tumor stroma including extracellular matrix, inflammatory
cells and fibroblasts, cancer-associated fibroblasts (CAFs)
represent major units [11]. CAFs, equated to activated fibro-
blasts or myofibroblasts, assist tumor development by secret-
ing various cytokines, growth factors, and matrix-degrading
enzymes, which stimulate cancer cells for proliferation and
progression [12]. Origins of CAFs have been proposed by
some studies [13], but the mechanisms by which fibroblasts
are activated still elusive. The alteration of normal fibroblasts
to CAFs is affected by a number of factors, especially through
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the crosstalk between fibroblasts and cancer cells. Not only
cancer cells activate fibroblasts to CAFs, but activated fibro-
blasts also stimulate cancer cells to become more invasive
and carcinogenic.

In the present study, we investigated the effect of 15d-PGJ,
on manifestation of an EMT phenotypes in human breast
cancer (MCF-7) cells, and whether this could activate fibro-
blasts to CAFs, consequently affecting the overall cancer
progression and metastasis.

MATERIALS AND METHODS

Materials

15d-PGJ,, prostaglandin E, (PGE,), and 9,10-dihy-
dro-15d-PGJ, were obtained from Cayman Chemical Co.
(Ann Arbor, MI, USA). MTT was purchased from Sigma Al-
drich (St. Louis, MO, USA). RPMI 1640 medium, Dulbecco’s
modified Eagle’s medium (DMEM), and FBS were purchased
from Gibco BRL (Grand Island, NY, USA). Antibody against
E-cadherin was obtained from BD Biosciences (San Jose,
CA, USA). Antibodies against Snail and fibroblasts activation
protein-a. (FAP-a) were products of Santa Cruz Biotechnol-
gies Co. (Santa Cruz, CA, USA). Antibody for a-smooth mus-
cle actin (a-SMA) was obtained from Abcam (Cambridge,
UK). The antibody used for neutralization of interleukin-8 (IL-
8) was purchased from R&D systems (Minneapolis, MN,
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Figure 1. Biosynthesis of PGE, and 15d-PGJ,, two principal prostaglandins involved in inflammation and cancer. PGG,, prostaglandin G,;
PGH,, prostaglandin H,; PGE,, prostaglandin E,; PGD,, prostaglandin D,; PGJ,, prostaglandin J,.
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USA). Secondary antibodies, Snail short interfering RNA
(siRNA), negative control siRNA, and lipofectamin RNAI-MAX
reagent were purchased from Invitrogen Life Technologies,
Inc. (Carlsbad, CA, USA). All other chemicals used were of
analytical or the highest purity grade available.

Cell culture

MCF-7 cells were maintained in RPMI 1640 medium sup-
plemented with 10% FBS and a 100 ng/mL penicillin/strep-
tomycin/fungizone mixture at 37°C in humidify atmosphere
of 5% CO, and 95% air. Normal fibroblasts were maintained
in DMEM supplemented with 5% FBS and an 100 ng/mL
penicillin/streptomycin/fungizone mixture at 37°C in humidify
atmosphere of 5% CO, and 95% air. The cells were plated at
an appropriate density according to each experimental scale.

Co-culture of fibroblasts with cancer cells
Human breast fibroblasts were plated at a density of 1 x 10°
cells/mL on a 6-well plate in DMEM medium, and 1 x 10°
cells/mL of MCF-7 cells were seeded on the membrane of
transwell insert (Corning Inc., Corning, NY, USA) in RPMI
medium. After 24-hour incubation, MCF-7 cells were treated
with 15d-PGJ, or dimethyl sulfoxide (DMSO).

Cell proliferation assay

Human breast fibroblasts were plated at a density of 1 x 10°
cells/mL in 48-well plate and were treated with the condi-
tioned medium of MCF-7 cells for 24 hours. The proliferation
rate was determined by the conventional MTT assay. After
incubation, cells were treated with the MTT solution (final
concentration, 1 mg/mL) for 1 hour at 37°C. The dark blue for-
mazan crystals that formed in intact cells were solubilized in
DMSO, and the absorbance at 570 nm was measured with a
microplate reader (Molecular Devices, Sunnyvale, CA, USA).

Preparation of nuclear extracts

After treatment with 15d-PGJ, or DMSO, cells were washed
with ice-cold PBS, scraped in 1 mL PBS and centrifuged
at 7,000 xg for 15 minutes at 4°C. Pellets were suspended
in 50 uL of hypotonic buffer A (10 mM HEPES [pH 7.8], 1.5
mM MgCl,, 10 mM KCI, 0.5 mM dithiothreitol [DTT], 0.2
mM phenylmethylsulfonyl fluoride [PMSF]) for 15 minutes
on ice, and 1 L of 10 Nonidet P-40 solution was added for
5 minutes. The mixture was centrifuged at 12,000 xg for 7
minutes. The pellets were washed with hypotonic buffer and
were resuspended in hypertonic buffer C (20 mM HEPES
[pH 7.8], 20% glycerol, 420 mM NaCl, 1.5 mM MgCl,, 0.2
mM ethylenediaminetetraacetic acid, 0.5 mM DTT, 0.2 mM
PMSF) for 30 minutes on ice and centrifuged at 12,000 xg for
7 minutes. The supernatant containing nuclear proteins was
collected and stored at —70°C after determination of the pro-
tein concentration by the Bradford method using the protein
assay kit (Bio-Rad Laboratories, Hercules, CA, USA).
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Reverse transcriptase (RT)-PCR

Total RNA was isolated from MCF-7 cells and normal fibro-
blasts using the TRIzol® reagent (Invitrogen, Carlsbad, CA,
USA) according to the manufacturer’s protocol. One pl of total
RNA was reverse transcribed with Moloney murine leukemia
virus reverse transcriptase (Promega, Madison, WI, USA) at
42°C for 50 minutes and at 72°C for 15 minutes. The primers
used are listed in Appendix.

Western blot analysis

MCF-7 cells (2 x 10° cells/mL) were plated in a 60-mm dish
and treated with 15d-PGJ, under specified conditions. After
rinsing with PBS, the cells were exposed to radio-immuno-
precipitation assay buffer containing 150 mM NaCl, 1% NP-
40, 0.5% sodium deoxycholate, 0.1% SDS, 50 mM Tris-HCI
(pH 7.4) and a protease inhibitor in ice for 30 minutes. After
centrifugation at 12,000 xg for 15 minutes, the supernatant
was collected and stored at —70°C until use. The protein
concentration was determined by using the bicinchoninic
acid protein assay kit (Pierce, Rockford, IL, USA). Protein
samples were electrophoresed on 8% to 10% SDS PAGE
and transferred to polyvinylidene difluoride membrane at 300
mA for 3 hours. Blots were incubated in fresh blocking buffer
(0.1% Tween-20 in TBS containing 5% non-fat dry milk, pH
7.4) for 1 hour followed by incubation with appropriate pri-
mary antibodies in TBS with Tween-20 (TBST) with 3% non-
fat dry milk. After washing with TBST three times, blots were
incubated with horseradish peroxidase-conjugated secondary
antibody in TBST with 3% non-fat dry milk for 1 hour at room
temperature. Blots were washed again three times with TBST
buffer, and were detected with enhanced chemiluminescence
detection kit (Amersham Pharmacia Biotech, Buckingham-
shire, UK).

Immunocytochemistry of Snail and E-cadherin
To visualize the expression of Snail and E-cadherin, immu-
nocytochemistry was performed. MCF-7 cells were plated
on the chamber slide at a density of 1 x 10° cells/mL and
treated with 15d-PGJ, or DMSO. Cells were fixed with 95%
methanol/5% acetic acid at —20°C for 5 minutes, washed
with PBS twice, treated with 0.2% Triton X-100 in PBS for 5
minutes, washed with PBS with Tween-20 (PBST), and then
washed with PBS. Samples were incubated with blocking
agent (0.1% Tween-20 in PBS containing 5% bovine serum
albumin [BSA]) at room temperature for 1 hour, washed with
PBS, and then incubated with a diluted (1 : 100) primary an-
tibody for overnight at 4°C. After washing with PBS, samples
were incubated with a diluted (1 : 1,000) TRITC-conjugated
anti-mouse or FITC-conjugated anti-rabbit immunoglobulin
G secondary antibody in PBST containing 1% BSA at room
temperature for 1 hour. Samples were washed with 0.1%
PBST containing 1% BSA then examined under a fluorescent
microscope.



Cell-scattering assay
MCF-7 cells were plated at a density of 5 x 10* cells/mL in a

6-well plate and treated with 15d-PGJ, or DMSO. Cells were
observed for 5 days, and the scattering cells were examined
under a confocal microscope.

Cell migration assay
Normal fibroblasts were plated at a density of 1 x 10° cells/

mL in a 12-well plate with culture inserts (ibidi). After 24-
hour incubation, culture inserts were removed with sterilized
forceps and cells were treated with the conditioned medium
of 15d-PGJ, or DMSO-treated MCF-7 cells. Cells were ob-
served over 24 to 48 hours under a confocal microscope.

Transient transfection with Snail siRNA

MCF-7 cells were seeded at a density of 1.5 x 10° cells in 60 mm
dish and grown to 80% confluence. Snail siRNA (10 nM) was
transfected into MCF-7 cells with lipofectamine RNAi-MAX
reagents according to the manufacturer’s instructions. After
48-hour transfection, cells were treated with 15d-PGJ, for
additional 12 hours, and total RNA was isolated and reverse
transcribed by RT-PCR. The target sequence for Snail siR-
NA was 5-GCGAGCUGCAGGACUCUAA-3’ (forward) and
5-AGGACUCUAAUCCAGAGUU-3 (reverse).

Statistical analysis

When necessary, data were expressed as means + SD of at
least three independent experiments, and statistical analysis
for single comparison was performed using the Student’s t-test.

A PGE, B
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RESULTS

PGE, does not induce EMT of MICF-7 cells

One of the major products of the arachidonic acid cascade
is PGE, (Fig. 1). Previous studies have demonstrated that
PGE, induces EMT in gastric cancer (SNU719) [14] and
lung cancer (A549) cells [15]. To determine whether PGE,
also induces EMT in human breast cancer cells, MCF-7 cells
were treated with PGE,. The mRNA level of Snail, a principal
transcription factor involved in EMT, was unchanged (Fig.
2A). The expression of E-cadherin at both transcriptional
(Fig. 2A) and translational (Fig. 2B) levels was not also influ-
enced by the same treatment. Moreover, the morphology of
PGE,-treated MCF-7 cells was not much different from that of
the control, growing in contact with the neighboring cells (Fig.
2C). These results suggest that PGE, lacks ability to induce
EMT in MCF-7 cells.

15d-PGJ, induces manifestation of an EMT
phenotype in MICF-7 cells

As 15d-PGJ, is a terminal product of the alternative ara-
chidonic acid pathway, we examined its effects on EMT.
15d-PGJ, treatment resulted in the scattering of MCF-7 cells
(Fig. 3A), indicating that the cells acquired the migratory
characteristics of mesenchymal cells. 15d-PGJ, also induced
a transient increase in the expression of repressive transcrip-
tion factors, Slug and ZEB1 (Fig. 3B). Consequent down-reg-
ulation of E-cadherin was observed at both mRNA (Fig. 3B)
and protein (Fig. 3C) levels in time- (Fig. 3B and 3C) and
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Figure 2. The effects of PGE, on

epithelial-to-mesenchymal transition
in breast cancer cells. (A, B) MCF-
7 cells were treated with the indicated
concentrations of PGE, for 12 hours.
Cells were incubated for 12 hours and
24 hours to measure mRNA (A) and/or
protein (B) levels of Snail and E-cadherin
by reverse transcriptase-PCR and
Western blot analysis, respectively.
(C) MCF-7 cells were exposed to the
indicated concentrations of PGE, for
24 hours, and the cell-scattering assay
was performed (x 100). Scattering cells
were photographed under an inverted
microscope. PGE,, prostaglandin E,;
GAPDH, glyceraldehyde 3-phosphate
dehydrogenase.
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Figure 3. 15d-PGJ,-induced EMT of phenotypes MCF-7 cells. (A) MCF-7 cells were incubated with 30 uM of 15d-PGJ, for 24 hours (x 100). The
scattering growth pattern was assessed by the cell-scatting assay. (B, C) MCF-7 cells were incubated with 30 uM of 15d-PGJ, for the indicated time
periods. The mRNA (B) and protein (C) levels of EMT-related factors were determined by reverse transcriptase-PCR and Western blot analysis,
respectively. (D, E) MCF-7 cells were incubated with 10 or 30 uM of 15d-PGJ, for 12 or 24 hours to measure the mRNA (D) and protein (E) levels of
E-catherin, respectively. (F) Immunocytochemical analysis was performed using E-cadherin antibody after treatment of MCF-7 cells with 15d-PGJ, for
12 hours (x 40). Cells were stained with DAPI (4'6-diamidino-2-phenylindole) and visualized under a confocal microscopy. 15d-PGJ,, 15-deoxy-A'*"-
prostaglandin J,; EMT, epithelial-to-mesenchymal transition; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

concentration- (Fig. 3D and 3E) dependent manners. In addi-
tion, the decreased expression of E-cadherin was verified by
immunocytochemistry (Fig. 3F).

While E-cadherin expression was down-regulated, the
expression of Snail was elevated at both transcriptional and
translational levels in time- (Fig. 4A and 4B) and concentra-
tion-dependent (Fig. 4C and 4D) manners in 15d-PGJ,-treat-
ed MCF-7 cells. The 15d-PGJ,-induced accumulation of Snail
was also visualized by immunofluorescence staining of MCF-
7 cells (Fig. 4E).

The cyclopentenone ring structure of 15d-PGlJ,
is critical in inducing EMT in MCF-7 cells

An a,B-unsaturated carbonyl moiety of cyclopentenone
prostaglandins including 15d-PGJ, is considered to account
for some distinct biological reactions they mediate. 9,10-Di-
hydro-15d-PGJ,, a non—electrophilic analogue of 15d-PGJ,,
lacks such a reactive a,p-unsaturated carbonyl group in
its cyclopentenone ring (Fig. 5A). In contrast to 15d-PGJ,,
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9,10-dihydro-15d-PGJ, failed to influence the expression of
Snail and E-cadherin (Fig. 5B and 5C). In addition, 9,10-di-
hydro-15d-PGJ,-treated MCF-7 cells grew in contact with
the neighboring cells, whereas MCF-7 cells dispersed in
response to the same concentration of 15d-PGJ, (Fig. 5D).
These results imply that the electrophilic carbon center in the
cyclopentenone ring of 15d-PGJ, is critical for inducing EMT
in MCF-7 cells.

MCF-7 cells activate human breast fibroblasts
to CAFs

Fibroblasts in the tumor microenvironment are proposed to
be in the activated state and are termed CAFs. CAFs tend
to gain increased motility and proliferation, with enhanced
expression of a-SMA, FAP-«, and stromal-derived factor-1
(SDF-1), also known as CXCL12, which are regarded as
the markers of CAFs [16]. To elucidate the effect of MCF-7
cells on the activation of human breast fibroblasts, the condi-
tioned medium of MCF-7 cells was collected after 24 hours
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of incubation (Fig. 6A). When exposed to the conditioned
medium of MCF-7 cells treated with 15d-PGJ,, the viability of
fibroblasts was enhanced (Fig. 6B). In another experiment,
proliferative capability of fibroblasts was assessed by the
cell migration assay. The conditioned media of PGE, and
9,10-dihydro-15d-PGJ,-treated-MCF-7 cells did not stimulate
fibroblasts to migrate, whereas fibroblasts incubated with
the conditioned medium of 15d-PGJ,-treated-MCF-7 cells
gained the increased migration potential as evidenced by a
significantly reduced gap (Fig. 6C). Moreover, to determine
whether fibroblasts were transformed to CAFs, we measured
the mRNA levels of a-SMA, FAPq, and SDF-1. As a result,
transcriptional expression of CAF markers was up-regulated
in normal breast fibroblasts treated with conditioned medium
of 15d-PGJ,-stimulated MCF-7 cells (Fig. 6D and 6E). Taken
together, these findings indicate that the activation of human
breast fibroblasts to CAFs is influenced by breast cancer cells
undergoing EMT.

Secretion factors from MICF-7 cells may play a
role in activating fibroblasts to CAFs; IL-8 as a
putative mediator

Based on the above results, we speculated that certain se-
creted factors could be responsible for the crosstalk between
breast cancer cells and fibroblasts. IL-8/CXCL8 is known
to play an important role in EMT and the tumor microenvi-
ronment [17]. To investigate the possible factors involved in
the tumor-stroma interactions, expression of IL-8 as well as
SNAI1 was measured in 15d-PGJ,-treated MCF-7 cells by
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15d-PGJ,

Figure 4. Effects of 15d-PGJ, on
Snail expression in MCF-7 cells. (A,
B) MCF-7 cells were incubated with 30
uM of 15d-PGJ, for the indicated time
periods. The mRNA (A) and protein
(B) levels of snail were determined by
reverse transcriptase (RT)-PCR and
Western blot analysis, respectively.
(C) MCF-7 cells were incubated with
10 or 30 uM of 15d-PGJ, for 6 hours,
and the mRNA expression SNAI1/
Snail was determined by RT-PCR.
(D) MCF-7 cells were incubated with
30 uM of 15d-PGJ, for 6 or 12 hours,
and the nuclear levels of Snail were
measured by Western blot analysis.
(E) Immunocytochemical analysis
was performed using E-cadherin
antibody after treatment of MCF-7 cells
with 15d-PGJ, for 12 hours (x 100).
Cells were stained with propidium
iodide (Pl) and visualized under a
confocal microscopy. 15d-PGJ,,
15-deoxy-A'*"-prostaglandin J,;
GAPDH, glyceraldehyde 3-phosphate
dehydrogenase.

RT-PCR. As shown in Figure 7A, the mRNA level of SNAI1
started to increase at 6 hours after 15d-PGJ, treatment which
was accompanied by induced IL-6 expression. To determine
whether IL-8 is a key regulator in 15d-PGJ,-induced EMT
phenomenon, MCF-7 cells were transiently transfected
with scrambled or Snail siRNA, and treated with DMSO or
15d-PGJ,. Knock down of Snail resulted in suppression of
IL-8 expression (Fig. 7B). These findings suggest that IL-8
may be a putative mediator connecting EMT of MCF cells and
fibroblasts. Chemokine receptor 2 (CXCR2), an IL-8 receptor,
was up-regulated in the fibroblasts co-cultured with MCF-7
cells stimulated with 15d-PGJ, (Fig. 7C and 7D). The expres-
sion of CXCR2 as well as FAP-q in activated fibroblasts stim-
ulated with conditioned media from 15d-PGJ,-treated MCF-
7 cells was abrogated in the presence of IL-8 neutralizing
antibody (Fig. 7E). It is hence likely that fibroblasts stimulated
in response to IL-8 express a higher level of its receptor,
CXCR2.

DISCUSSION

Abnormal up-regulation of COX-2 contributes to the chronic
inflammation, which is closely related to the tumor progres-
sion [18]. In breast carcinogenesis, overexpression of COX-2
has been frequently associated with poor prognosis, including
cell proliferation, angiogenesis, and metastasis [19,20]. In the
light of the fact that the high mortality of human breast cancer
appears to be primarily caused by metastasis, it would be
worth examining the initiation of metastasis in depth. EMT
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Figure 5. A critical role of the cyclopentenone ring in 15d-PGJ,-induced EMT in MCF-7 cells. (A) 15d-PGJ, contains a cyclopentenone ring
structure with an electrophilic a,f-unsaturated carbonyl moiety, which is absent in 9,10-dihydro-15d-PGJ,. (B, C) MCF-7 cells were treated with the
indicated concentrations of 15d-PGJ, or 9,10-dihydro-15d-PGJ,. Cells were incubated for 12 hours and 24 hours to measure the mRNA (B) and
protein (C) levels of Snail and/or E-cadherin, respectively. (D) MCF-7 cells were treated with the indicated concentrations of 15d-PGJ, or 9,10-dihydro-
15d-PGJ, for 24 hours (x 100). Scattering morphology was assessed by the cell-scattering assay. 15d-PGJ,, 15-deoxy-A'*"*-prostaglandin
J,; 9,10-dh-PGJ,, 9,10-dihydro-15d-A""-prostaglandin J,; EMT, epithelial-to-mesenchymal transition; GAPDH, glyceraldehyde 3-phosphate

dehydrogenase. °It denotes an electrophilic carbon center.

is considered to be an important means for cancer cells to
escape the tissue structure and migrate to other organs [21].
Tumor microenvironment plays a vital role in growth and
survival of cancer cells and also in metastasis. As a major
product of COX-2, PGE, has been reported to play a crucial
role in the inflammatory tumor microenvironment and in EMT
of gastric cancer (SNU719) [14] and lung cancer (A549) cells
[15]. Therefore we initially speculated that PGE, might also
cause EMT in breast cancer cells. Contrary to our specula-
tion, however, PGE, did not induce EMT of human breast
cancer (MCF-7) cells. It has been shown that the level of
PGE, is different between the central and peripheral regions
of colorectal cancer [22]. Similarly, the function of PGE, may
also differ depending on its subcellular localization. This may
explain why the EMT-inducing effect of PGE, was not prom-
inent in breast cancer cells unlike in gastric and lung cancer
cells.

15d-PGJ,, another lipid mediator produced during inflam-
mation, is one of the terminal products in the COX-2-medi-
ated arachidonic acid pathway [23]. 15d-PGJ, is known to
exert dual roles in carcinogenesis depending on the cell type
and its intracellular concentration [24]. The present study fo-

158  J Cancer Prev 25(3):152-163, September 30, 2020

cused on the oncogenic effect of 15d-PGJ, in inducing EMT
in human breast malignancies. E-cadherin is down-regulated
by suppressive transcription factors such as Snail, Slug and
ZEB1, and then cancer cells undergoing EMT subsequently
lose cell-cell adhesion [25]. The data from the present study
reveal that 15d-PGJ, up-regulates expression of EMT-related
transcription factors, thereby suppressing the transcription of
E-cadherin. The underlying molecular mechanism by which
15d-PGJ, enhances the expression of Snail remains to be
unveiled.

Tumor progression, which involves tumor growth, angio-
genesis, and EMT, significantly relies on the microenviron-
ment surrounding the tumor [26]. One study demonstrates
that stromal cells such as fibroblasts play an essential role in
the metastasis of breast cancer cells [27]. Stromal fibroblasts
around the tumor termed CAFs are activated fibroblasts and
are reported to secrete tumor promoting signaling molecules
[28]. Although the significance of CAFs has been acknowl-
edged, their origins and characteristics are yet to be clearly
defined.

Multiple sources of CAFs have been suggested by several
studies, including the conversion of normal fibroblasts [26],
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Figure 6. The effect of conditioned medium from MCF-7 cells on the proliferation and activation of human breast fibroblasts. (A, B) Human
breast fibroblasts were exposed to the conditioned media of MCF-7 cells (A) treated with the indicated concentrations of 15d-PGJ, for 24 hours (B).
The cell proliferation rate was determined by the MTT assay, and presented as means + SD (n = 3). (C) Human breast fibroblasts were incubated in the
24 hour-conditioned medium of MCF-7 cells treated with 10 pM of the indicated prostaglandins (x 100). Cell migration was visualized over 24 to 48
hours under a confocal microscope. (D, E) Human breast fibroblasts were treated with the conditioned medium of MCF-7 cells treated with DMSO
or 15d-PGJ, (30 uM). The mRNA levels of FAP-a, a-SMA (D) and the secretion factor SDF-1 (E) were determined by RT-PCR. 15d-PGJ,, 15-deoxy-
A*"_prostaglandin J,; DMSO, dimethyl sulfoxide; PGE,, prostaglandin E,; FAP-q, fibroblasts activation protein-o;; a-SMA, o-smooth muscle actin;
GAPDH, glyceraldehyde 3-phosphate dehydrogenase; SDF-1, stromal-derived factor-1.

bone marrow progenitor cells [29], epithelial cancer cells or
endothelial cells [30]. The present study demonstrates the
generation of CAFs as a consequence of activation of normal
fibroblast by cancer cell-derived secretion factors. Increased
expression of a-SMA and FAP-« in fibroblasts is commonly
regarded as the characteristics of CAFs. However, some
studies suggest that this is not necessarily same for all CAFs
[31], while another study reports SDF-1 as a representa-
tive marker of CAFs [16]. The data from our present study
indicate that human breast fibroblasts are activated by the
conditioned medium of 15d-PGJ,-treated MCF-7 cells, with
enhanced expression of a-SMA, FAP-o. and SDF-1. Based
on these results, it could be speculated that certain factors
may be involved in the interaction between cancer cells and
fibroblasts.

Among cytokines/chemokines screened in 15d-PGJ,-
treated-MCF-7 cells, IL-8 appears to be the most plausible

mediator, based on the time and the level of induction of the
EMT-related genes. Corresponding to the elevated IL-8 ex-
pression, expression of CXCR2 which is IL-8 receptor B was
also induced in fibroblasts. This suggests that fibroblasts be-
come activated in response to IL-8 secretion by breast can-
cer cells. IL-8 also has been reported to be secreted by CAFs
[32], indicative of the existence of both autocrine and para-
crine routes of IL-8 (Fig. 8) that may influence the fibroblast
activation through a positive feedback mechanism. Further
investigations would be needed to clarify the involvement of
other cytokines in tumor-stroma interaction.

In summary, this study reveals for the first time that the
cyclopentenone prostaglandin 15d-PGJ, produced during
chronic inflammation can cause EMT of MCF-7 cells through
up-regulation of Snail expression. MCF-7 cells going through
EMT secrete various factors to interact with stromal cells, in
which IL-8 may play a central role in the activation of human

http:/mww.jcpjournal.org 159



Choi et al.

A 15d-PGJ, (o4
0 1 3 6 9 12 24 36 (h) @» MCF-7 cells
* Normal fibroblasts

D 15d-PGJ,
MCF-7 cells - 10 30 (uM)
B Control 15d-PGJ, CXCR2
GAPDH
Fibroblasts
E IL-8 nAb

CXCR2

MCEF-7 cells

FAP-o

a-SMA

GAPDH

I
HII"+

Fibroblasts

Figure 7. Up-regulated expression of IL-8 and its involvement in 15d-PGJ,-induced EMT and activation of fibroblasts. (A) MCF-7 cells
were treated with DMSO or 30 uM of 15d-PGJ, for the indicated time periods. The mRNA levels of IL-8 and Snail were determined by reverse
transcriptase (RT)-PCR. (B) MCF-7 cells were transfected with scrambled siRNA as a negative control or Snail siRNA for 48 hours and exposed
to DMSO or 15d-PGJ, (30 uM) for another 12 hours. The mRNA levels of Snail and IL-8 were determined by RT-PCR. (C) For the transwell co-
culture assay, human breast cancer MCF-7 cells stimulated with 15d-PGJ, (10 or 30 uM) for 24 hours and fibroblasts were seeded in the upper and
the lower chambers, respectively. (D) After 24-hour co-culture, the mRNA level of CXCR2 expressed in fibroblasts was determined by RT-PCR.
(E) The expression of CXCR2 as well as cancer-associated fibroblast marker genes was measured in human breast fibroblasts incubated with
conditioned media derived from 15d-PGJ,-stimulated MCF-7 cells in the absence or presence of IL-8 neutralizing antibody (IL-8 nAb; 10 puL/mL).
IL-8, interleukin-8; 15d-PGJ,, 15-deoxy-A'*"*-prostaglandin J,; EMT, epithelial-to-mesenchymal transition; siRNA, short interfering RNA; GAPDH,

glyceraldehyde 3-phosphate dehydrogenase; DMSO, dimethyl sulfoxide; CXCR2, chemokine receptor 2; FAP-q, fibroblasts activation protein-o;
a-SMA, a-smooth muscle actin.

° ®
&
g @ ® Activate fibroblasts
& o0 (CAFs)
®

@ cxcr2

CXCR2
as}
p— )
- ‘7% %
)
// ES Figure 8. Proposed mechanisms
for 15d-PGJ,-induced EMT in MCF-
— COOH . .
Om\ i 7 cells and consequent activation of
= . 6 human breast fibroblasts. 15d-PGJ,,
Eenanei ® o 15-deoxy-A""-prostaglandin J,; EMT,
epithelial-to-mesenchymal transition;
IL-8/CXCL8 CAF, cancer-associated fibroblast;
Breast cancer cell CXCR2, chemokine receptor 2; IL-8,

interleukin-8.

160  J Cancer Prev 25(3):152-163, September 30, 2020



breast fibroblasts into CAFs. Such crosstalk between MCF-7
cells and adjacent fibroblasts, as a prelude to breast cancer
metastasis, merits further investigations.
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Appendix. The list of primers used

15d-PGJ,-induced EMT and Fibroblast Activation

Primer name Primer sequence Cycle Temperature
E-cadherin Forward ACCACCTCCACAGCCACCGT 26 61T
Reverse GTCCAGTTGGCACTCGCCCC
GAPDH Forward GCATGGCCTTCCGTGTCCCC 23 60°C
Reverse CAATGCCAGCCCCAGCGTCA
SDF-1 Forward CTTTCCGCTAGACCCACTCG 30 56°C
Reverse GGCCAAAGACGGATCTCACA
CCL5 Forward CGTGCCCACATCAAGGAG 28 55C
Reverse GGACAAGAGCAAGCAGAAAC
CCL21 Forward TGCTCCAGCCCAGCTATCCT 35 55C
Reverse GCCCTTTAGGGGTCTGTGAC
IL-6 Forward TAGCCGCCCCACACAGACAG 28 55C
Reverse GCTTCGTCAGCAGGCTGGCAT
Snail Forward CCTGCTGGCAGCCATCCCAC 28 60C
Reverse GGCAGCGTGTGGCTTCGGAT
Slug Forward ACGCCCAGCTACCCAATGGC 30 62C
Reverse AGGGCGCCCAGGCTCACATA
ZEB1 Forward AGTGATCCAGCCAAATGGAA 30 52°C
Reverse TTTTTGGGCGGTGTAGAATC
FAP-a. Forward AGTTTCAGCGACTACGCCAA 26 55C
Reverse GGAAAGCTGTTCCTCGACCA
a-SMA Forward AGCGACCCTAAAGCTTCCCA 26 55T
Reverse CATAGAGAGACAGCACCGCC
IL-8 Forward ATGACTTCCAAGCTGGCCGTGGCT 30 59C
Reverse TCTCAGCCCTCTTCAAAAACTTCT
CXCR2 Forward CTTTTCTACTAGATGCCG 28 53C
Reverse GAAGAAGAGCCAACAAAG

GAPDH, glyceraldehyde 3-phosphate dehydrogenase; SDF-1, stromal-derived factor-1; IL, interleukin; FAP-qa, fibroblasts activation
protein-a; a-SMA, a-smooth muscle actin; CXCR2, chemokine receptor 2.
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