Toxicology Reports 8 (2021) 1530-1537

Contents lists available at ScienceDirect

toxicology

Toxicology Reports

reports

journal homepage: www.elsevier.com/locate/toxrep

ELSEVIER

Check for

Inhibition of PKC/MEK pathway suppresses f1l-integrin and mitigates ol
breast cancer cells proliferation

Nahla E. EL-Ashmawy ?, Enas A. EL-Zamarany ”, Naglaa F. Khedr?, Hend M. Selim **,
Eman G. Khedr®

& Biochemistry Department, Faculty of Pharmacy, Tanta University, Egypt
Y Clinical Pathology Department, Faculty of Medicine, Tanta University, Egypt

ARTICLE INFO ABSTRACT

Handling Editor: Dr. Aristidis Tsatsakis Prostaglandin E2 (PGE2) and pl-integrin have been correlated with breast cancer, where both could enhance

progression and metastasis. Protein kinase C (PKC) and MEK have played a vital role in breast cancer devel-

Keywords: opment. Our study was conducted to elucidate the effect of inhibition of E-prostanoid receptor 1 (EP1)/ PKC/
Breast cancer MEK/ Bl-integrin pathway in mitigating breast cancer progression and to evaluate the role of the intermediate
IE?)I;CZ signals FOXC2, E2F1, NF-kB and survivin. MCF7 cells were treated with 17 -PT-PGE2, an EP1 agonist, for 24 h,
NE-XB and pl-integrin was measured. To MCF7 cells treated with 17-PT-PGE2, inhibitors of either EP1, MEK, PKC or

NF-xB were added followed by measurement of 1-integrin gene expression and cell proliferation in each case.
Addition of 17- PT-PGE2 to MCF7 cells showed enhancement of both cell proliferation, and cell cycle transition
from G1 to S phase. In addition, activation of EP1 receptor increased pl-integrin expression. On the contrary,
inhibition of EP1 receptor showed a decrease in the cell proliferation, p1-integrin expression and cells transition
to S phase, but increased cell count in apoptotic phase. Selective inhibition of each of MEK, PKC, and NF-xB
suppressed 17 -PT-PGE2-mediated pl-integrin expression as well as cell proliferation. Furthermore, FOXC2,
phosphorylated NF-xB, E2F1, and survivin levels were upregulated with 17- PT-PGE2 and suppressed by MEK,
PKC and NF-xB inhibitors. Targeting the biochemical mediators of PKC/MEK pathway may be of value in
developing new chemical entities for cancer treatment.

Prostaglandin E2
pl-integrin

1. Introduction

Over expression of cyclooxygenase 2 (COX2) was documented in
different cancer tissues. Prostaglandin E2 (PGE2), is one of the most
important products of COX2 and is implicated in many cancer types. In
breast cancer, COX2 could modulate growth, progression, invasion
and even metastasis. The effect of PGE2 is mediated by activation of
multiple mediators such as endothelial growth factor receptor (EGFR),
extracellular-signal-regulated kinase (ERK) and metalloproteinase-9
(MMP9) [1-3].

PGE2 exerts its action through coupling with four E-Prostanoid re-
ceptors (EP), among them EP1 that plays a crucial role in hepatocellular
carcinoma and was also expressed in other cancerous tissues including
breast cancer [4]. Targeting EP1 receptor with specific antagonist
significantly inhibits the development of chemically-induced breast
cancer in rats [5].

Integrins are cell surface family of receptors for extracellular matrix

proteins, including collagen and fibronectin. These integrins are glyco-
proteins that composed of two main subunits alpha and beta which
transduce the signal from extracellular matrix to inside the cell. f1-
integrin is reported to play a significant role in breast cancer in vivo and
in vitro by mediating proliferation, invasion and migration [6]. More-
over, PGE2 is positively correlated with pl-integrin in hepatocellular
carcinoma [7]. Interestingly, f1-integrin itself was reported to increase
COX2 and PGE2 levels and hence tumerogenesis and metastasis of breast
cancer cell line, as noted in earlier studies [8].

Cancer cells might utilize inflammatory mediators like nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-xB) and other
tumor-propagating factors like mitogen activated protein kinase
(MAPK), vascular endothelial growth factor (VEGF) and protein kinase C
(PKC), to maintain growth, proliferation and migration [9].

Forkhead box protein C2 (FOXC2) is a member of the family of helix/
forkhead transcription factors. It is known to be involved in the upre-
gulation of f1-integrin expression by coupling of fox-binding element to
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the integrin promotor. FOXC2 is also responsible for controlling a huge
range of biological processes; including cell growth, longevity and
progression [10]. Furthermore, E2F transcription factor 1 (E2F1) is a
transcription factor, which is involved in regulation of cell renewal,
differentiation and cell cycle check points in breast cancer [11].

Another molecular protein is survivin which is overexpressed in
many types of malignancies with the ability to make cells bypass the cell
cycle checkpoints, resulting in uncontrolled, continuous cells replica-
tion. Survivin also inhibits apoptosis by acting on caspase 3, 7 and 9, and
is involved in breast cancer development by interacting with protein
kinase B (Akt) pathway [12].

Progression of cells through the cell cycle is an essential process
governing genome duplication and cell division. Cells go through four
phases of cell cycle; G1 phase, where cells grow properly to enter the S
phase where DNA is replicated and cells get ready for another growth
and preparations for mitosis in G2 phase, then the mitosis phase, where
cells actually divide. Cell cycle dysregulation is one of the hallmarks in
cancer through which cells can go uncontrolled and show continuous
replication and proliferation [13].

Up till now, little was known about PGE2 exact effect on p1-integrin
expression in breast cancer. Thus, our study aimed to elucidate the
ability of PGE2 to elicit fl-integrin over-expression in MCF7 breast
cancer cells through EP1 receptor and the possible underlying molecular
mechanistic pathway that may be involved. In the presence of PGE2
analog 17-PT-PGE2 (EP1 agonist), we used EP1 antagonist and PKC,
MEK and NF-xB inhibitors to investigate their effect on cell proliferation,
cell cycle transition and the related biochemical intermediates FOXC2,
E2F1, NF-xB, survivin as well as f1-integrin expression.

2. Materials and methods
2.1. Reagents and cell line

MCF7 cell line was purchased from the Egyptian company for pro-
duction of vaccines, sera, and drugs (VACSERA, Cairo, Egypt). Cells
were verified by karyotyping analysis according to American Type
Culture Collection (ATCC) Guidelines. MCF7 cells were cultured in
Roswell Park Memorial Institute Medium (RPMI 1640) (Gibco®, USA)
supplemented with 10 % heat-inactivated fetal bovine serum (FBS)
(Gibco®, USA) and 1% penicillin/streptomycin (Gibco®, USA).

17-phenyl trinor-prostaglandin E2 (17-PT-PGE2) as EP1 agonist,
PD98059, as MEK inhibitor, and Bisindolylymaleimide I (GF109203X)
as PKC inhibitor, were all purchased from SantaCruiz Biotechnology, Inc
(USA). SC-19220 as EP1 antagonist and ammonium pyrrolidinedithio-
carbamate (PDTC) as NF-xB inhibitor were obtained from Sigma-Aldrich
(USA).

Ca?* Mg®" free phosphate-buffered saline (PBS) was obtained from
Lonza Verviers Sprl® (Belgium), phenol red-free RPMI 1640 media was
purchased from Lonza® (USA), Dimethyl Sulfoxide (DMSO) was ob-
tained from S D Fine-Chem Limited Company® (India). Trypsin-
ethylenediaminetetraacetic acid (trypsin-EDTA) was obtained from
Gibco® (USA) and MTT cell proliferation assay kit was obtained from
(Thermo Fisher Scientifc®, USA).

2.2. Experimental design

MEFC?7 culture flasks were divided into 6 groups, each of 6 replicates,
according to treatment, as follows:

- Control group; cells were treated with DMSO for 24 h.

- EP1 agonist group; cells were treated with 5 pM 17-PT-PGE2 [14] for
24 h.

- EP1 antagonist + EP1 agonist group; cells were treated with 10 pM
EP1 antagonist (SC-19220) [15], for one hour, followed by
17-PT-PGE2 (for 24 h).
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- MEK inhibitor + EP1 agonist group; cells were treated with 10 pM
MEK inhibitor (PD98059) [16] for one hour, followed by
17-PT-PGE2 for 24 h.

- PKC inhibitor + EP1 agonist group; cells were treated with 10 pM
PKC inhibitor (GF109203X) [17], for one hour, followed by
17-PT-PGE2 for 24 h.

- NF-xB inhibitor + EP1 agonist; cells were treated with 20 pM NF-xB
inhibitor (PDTC) [18], for one hour, followed by 17-PT-PGE2 for 24
h.

Separately, the same experimental design was conducted using a-six-
wells cell culture plates (plates were divided into 6 groups, each of 6
replicates) for measurement of total and phosphorylated NF-kB P65,
where the inhibitors (§C-19220, PD98059, GF109203X and PDTC) were
added for two hours followed by addition of 17-PT-PGE2 for one hour
(as the phosphorylated form of NF-xB is best to be measured at 2 h after
the activation).

2.3. Preparation of cell lysate

MCF?7 cells were harvested and detached by trypsinization (trypsin-
EDTA) then cells were washed and resuspended in PBS (pH 7.4) to get a
concentration of one million cells/mL. Cells were exposed to five
repeated cycles of freezing and thawing (freezing at —80 °C for 10 min
then thawing at 60 °C for 5 min) to obtain the cell lysate, which was then
centrifuged at 2500 rpm for 10 min to remove any cell debris. The su-
pernatant was collected and stored at —80 °C for analysis of E2F1,
FOXC2, survivin and NF-xB.

2.4. Biochemical analysis

2.4.1. Cell proliferation test (MTT assay)

Methylthiazolyl blue tetrazolium (MTT; Thermo Fisher, USA) spec-
trophotometric dye assay was used to measure the cell proliferation of
MCF7 cell line. Cells were cultured in 96-well tissue culture plate at a
density of 1 x 10* cells per well in a final volume of 100 pL phenol red-
free RPMI 1640 media (Lonza®, USA). The cultured cells were incu-
bated for 24 h in the incubator Shel lab® (USA) at 37 °C and 5% CO»,
then treatments were added and the plate was incubated for another 24
h. After that, 10 pL MTT was added to each well, followed by incubation
for 4 h at 37 °C. Then, 150 pL. DMSO was added to each well in order to
dissolve the crystals with gentile shaking for 10 min. The absorbance
was measured at 540 nm with a microplate reader (Tecan, Austria). The
rate of cell proliferation was calculated as a percentage of the control
group.

2.4.2. Cell cycle analysis

According to the protocol of the kit purchased from abcam Co. Ltd
(USA), MCF?7 cells were trypsinised and washed with PBS. Then, cells
were resuspended in ice cold PBS (pH 7.4) to obtain a concentration of 2
million cell/mL. Ice cold 70 % ethanol was added to keep the cells fixed,
and then stored at 4°C. Finally, cells were labeled by Propidium Iodide/
triton staining solution [19]. The flow cytometric analysis was done
using BD facsCanto class II (BD Biosciences, USA) and data were
analyzed using BD FACS Diva software (USA) and presented as histo-
grams of cell count percent in each cell cycle phase.

2.4.3. Determination of FOXC2, E2F1, NF-xB and survivin

Cell lysate was used to measure the level of FOXC2 and E2F1 in
MCF7 breast cancer cell line by using ELISA kits purchased from SunRed
Co. Ltd (China) according to the manufacturer protocols. Whereas NF-xB
p65 levels (phosphorylated and total) and survivin were analyzed using
ELISA kits purchased from Bioneovan Co. Ltd (China), according to the
manufacturer protocols.
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2.4.4. Determination of f31-integrin gene expression by quantitative-real
time PCR (qRT-PCR)

MCF7 cell lysate was used for RNA extraction which was conducted
using Simply P® total RNA extraction kit (Bior Technology, China).
Then, ScanDrop Nano-volume spectrophotometer (Analytik Jena®,
Italy) was used to detect the purity and the concentration of extracted
RNA. cDNA was prepared using HiSenScriptRH(-) cDNA synthesis kit
(iNtRON Biotechnology Co., Korea) according to the manufacturer in-
structions. The program was set as the following: 50 °C for 60 min for
cDNA synthesis followed by 85°C for 10 min for inactivation by using
thermal cycler (Thermo Fisher Scientific®, USA)and samples were
stored at —80 °C.

For qRT-PCR of pl-integrin, SensiFAST SYBR® No-ROX kit (Bioline
Co., USA) was used. The relative gene expression level of 1-integrin was
measured by a RT- PCR system (Thermo Fisher Scientific, PikoReal5100,
Finland). The amplification program was adjusted as follows: the initial
activation lasted for 2 min at 94 °C, followed by 45 cycles (94 °C for 5 s
for denaturation, 60 °C for 10 s for annealing and 72 °C for 20 s for
extension). The relative gene expression was normalized to house-
keeping gene GAPDH and the fold difference in the expression of the
target gene was calculated using Livak method (RQ = 2744CTy 20].
Primers were obtained from invitrogen Co. (USA) and the Primer 3 plus
software was used for designing the primers. pl-integrin (forward,
5'TCCAACCTGATCCTGTGTCC3, reverse, 5’ AACCATGACCTCGTTGTTC
C3'). GAPDH (forward, 5’ACAGTCAGCCGCATCTTCTT3' and reverse:
5'TGACTCCGACCTTCACCTTC3").

2.4.5. Statistical analysis

Statistical analysis was performed by using Statistical Package for
Social Science (SPSS) version 25. Differences between groups were
statistically analyzed using one-way analysis of variance (ANOVA). The
results were expressed as mean + SD. p values less than 0.05 were
considered statistically significant.

3. Results
3.1. Effect of different treatments on MCF7 cell proliferation

Table 1 illustrates that EP1 agonist treated group was significantly
increased in cellular proliferation (p< 0.001, 1.65 fold) compared to
control group. However, the cells proliferation significantly decreased
(p < 0.001) when treated with EP1, MEK, PKC and NF-kB inhibitors
before EP1 agonist by 26.56 %, 19.97 %, 21.63 % and 39.48 %,
respectively, compared to control group. In addition, MCF7 cells treated
with EP1, MEK, PKC and NF-xB inhibitors showed a significant decrease
in cellular proliferation by 55.44 %, 51.43 %, 52.44 %, 63.27 %,
respectively, compared with EP1 agonist treated group.

3.2. Effect of treatments on MCF7 cell cycle analysis
EP1 agonist group showed a significant increase in S phase (1.06

Table 1
Effect of different treatments on cell proliferation.

Groups % Cell proliferation rate
Control 100
EP1 agonist 164.8 + 6.6%

73.44 +1.68 ®°
80.03 + 2.07 &
78.37 £1.19%°
60.52 & 3.7 %P

EP1 antagonist + EP1 agonist
MEK inhibitor + EP1 agonist
PKC inhibitor + EP1 agonist
NF-xB inhibitor + EP1 agonist

Data are presented as mean + SD, n = 6 (tissue culture flask) per each
group. a: Significant versus control group. b: Significant versus EP1 agonist
group. n =6 replicates. EP1: E prostanoid receptor 1, MEK: Mitogen activated
protein kinase kinase, PKC: Protein kinase C, NF-kB: Nuclear factor kappa-light-
chain-enhancer of activated B cells.
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fold, p < 0.001) when compared with control group. On the other
hand, groups pretreated with inhibitors EP1, MEK, PKC and NF-xB
showed significant (p < 0.001) decrease in the S phase by 78.12 %,
76.01 %, 75.11 %, 81.5 %, respectively when compared with EP1
agonist group. Pretreatment with EP1, MEK, PKC and NF-xB inhibitors
before EP1 agonist showed blocking in G1 phase which was reflected
as a significant (p < 0.001) increase in cell count by 6.7, 7.7, 6.9 and
6.87 fold, respectively when compared with EP1 agonist group (Fig. 1
and Table 2).

Treatment with EP1 agonist showed a significant (p < 0.001)
decrease in apoptosis by 68.7 % when compared with control group.
However, applying EP1, MEK, PKC and NF-xB inhibitors before EP1
agonist showed a significant (p < 0.001) increase in cell count by 10.6,
7.73, 8.58, 13.1 fold, respectively when compared with EP1 agonist
group. Moreover, pretreatment with EP1, MEK, PKC and NF-xB in-
hibitors followed by EP1 agonist showed a significant (p < 0.001)
decrease in G2 phase cell count by 59.1 %, 79.05 %, 58.15 % and 84.8
%, respectively, when compared with EP1 agonist group (Fig. 1 and
Table 2).

3.3. Effect of treatments on FOXC2, E2F1, NF-xB and survivin levels in
MCF?7 cells

Treatment of MCF7 cell line with EP1 agonist showed significant
increase in FOXC2 level (1.27 fold, p < 0.001) when compared with
control group. Comparing with EP1 agonist treated group, pretreatment
with inhibitors of MEK, PKC, EP1 and NF-xB showed a significant (p <
0.001) decrease in FOXC2 level by 43.36 %, 45.96 %, 51.07 %, 58.57 %,
respectively (Fig. 2).

Fig. 3 illustrates that EP1 agonist group showed a significant increase
in E2F1 level when compared to control group by 1.74 fold, (p < 0.001).
However, cell line groups pretreated with the inhibitors of EP1, MEK,
PKC and NF-xB, showed significant decrease in E2F1 level (p < 0.001)
by 63.88 %, 56.84 %, 57.36 % and 74.3 %, respectively, compared with
EP1 agonist group.

MCEF7 cell line treated with EP1 agonist showed a significant increase
in level of phosphorylated NF-xB p65 by 1.37 fold (p < 0.001) compared
with control group. On the other hand, cells treated with antagonist of
EP1 and inhibitors of PKC, MEK and NF-xB showed a significant (p <
0.001) decrease in the phosphorylated NF-xB p65 by 48.8 %, 31.1 %,
29.5 % and 66.8 %, respectively compared with control group. On the
other hand, different treatments didn’t show significant difference in the
total NF-xB p65 concentration (Fig. 4).

Treatment of MCF7 cells with EP1 agonist significantly increased
survivin level compared to control group (1.3fold, p < 0.001). On the
other hand, cells pretreated with EP1 antagonist, MEK, PKC and NF-xB
inhibitor exhibited a significant decrease in survivin level by 62.24 %,
44.05 %, 47.33 % and 63.4 %, respectively compared to EP1 agonist
group (Fig. 5).

3.4. Effect of treatments on f1-integrin gene expression

As shown in Fig. (6): Treatment of MCF-7 cells with EP1 agonist
showed a significant increase in p1-integrin gene expression by 1.87 fold
(p < 0.001) compared with control group. However, pretreatment with
EP1, MEK, PKC and NF-xB inhibitors significantly (p < 0.001) decreased
Bl-integrin expression by 58 %, 34 %, 35 % and 69 %, respectively
compared to control group. Moreover, EP1 antagonist, MEK, PKC and
NF-kB inhibitors exhibited significant (p < 0.001) downregulation in p1-
integrin gene expression by 77.5 %, 64.7 %, 65.2 % and 83.4 %,
respectively, compared to EP1 agonist treated group.

4. Discussion

Cyclooxygenase-2 mediates the production of PGE2 which is
involved in proliferation and growth of cancer cells. pl-integrin is
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Table 2
Effect of treatments on breast cancer cell counts in different cell cycle phases.
Groups Apoptosis G0/G1 phase S phase G2/M phase
Control 6.8+ 0.6° 9.4 +0.61° 67.08 £ 0.31° 16.45+0.5°
EP1 agonist 2.13 + 0.32% 8.16 + 0.57 71.11 +£0.82° 18.47 + 0.76%
EP1 antagonist + EP1 agonist 22.6 +0.71 P 54.36 + 0.4 > P 15.56 + 0.3 &P 7.57 +0.37 %P
MEK inhibitor 4+ EP1 agonist 16.46 + 0.65 * ° 62.76 + 0.5 %P 17.06 + 0.67 * © 3.87+£03%°
PKC inhibitor + EP1 agonist 18.27 £0.45 > " 56.43 + 0.45 > P 17.7 £0.9%° 7.73 +0.35%°
NF-xB inhibitor + EP1 agonist 27.9+0.85% P 56.1 + 1.05 > ® 13.13+£0.71%° 28+0.31%°

Data are presented as mean + SD. a: Significant versus control group. b: Significant versus EP1 agonist group. n = 3 replicates. EP1: E prostanoid receptor 1, MEK:
Mitogen activated protein kinase kinase, PKC: Protein kinase C, NF-kB: Nuclear factor kappa-light-chain-enhancer of activated B cells. GO/G1: Gap phase GO and G1, S:

Synthesis phase, G2/M: Gap phase 2 and mitosis phase.

highly expressed in breast cancer, where it mediates tumor initiation,
proliferation and metastasis [15,21]. While previous reports discussed
the importance of PGE2 and pl-integrin in cancer cells growth and
proliferation, the mechanism through which PGE2 may interplay with
pl-integrin in breast cancer still not revealed clearly. PGE2 exerts its
tumor-related activity through EP1 receptor, which plays a vital role
in cancer progression [22]. However, little is known about the role of
EP1 receptor in mediating PGE2 effect on pl-integrin in breast cancer
cells. Therefore, the present study aimed to examine the effect of EP1
agonist (17-PT-PGE2) along with EP1, MEK, PKC and NF-xB inhibitors
on breast cancer cell line to explore the crosslink between PGE2 and
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pl-integrin expression.

Our study revealed that treating MCF7 cells with EP1 agonist showed
enhancement of both cell proliferation, cell cycle transition to S phase
and increased pl-integrin expression. Furthermore, FOXC2, phosphor-
ylated NF-xB p65, E2F1, and survivin levels were upregulated with EP1
agonist treatment.

On the contrary, inhibition of EP1 receptor showed suppression of
the cell proliferation, pl-integrin expression and cells transition to S
phase, but increased cell count in the apoptotic phase. Moreover, se-
lective inhibition of each of MEK, PKC, and NF-xB suppressed EP1
agonist-mediated p1-integrin over-expression, cell proliferation, cell
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Fig. 2. Effect of treatments on FOXC2 level in breast can-
cer cell line.

Data are presented as mean + SD. a: Significant versus con-
trol group. b: Significant versus EP1 agonist group. n = 6 rep-
licates. EP1: E prostanoid receptor 1, MEK: Mitogen activated
protein kinase kinase, PKC: Protein kinase C, NF-kB: Nuclear
factor kappa-light-chain-enhancer of activated B cells, FOXC2:
Forkhead box protein C2.
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cycle transition and downregulated FOXC2, phosphorylated NF-xB p65,
E2F1 and survivin levels. These results were in line with Liu et al. [23],
who reported the ability of PGE2 to upregulate p1-integrin expression in
chondrosarcoma cells.

EP1 receptor activates PKC, focal adhesion kinase phosphorylation
and promote tumor growth [24]. PKC mediates the connection between
external signals and cell response. PKC expression is directly correlated
with tumor size and aggressiveness and can be used as prognostic
marker for malignant breast cancer tissues [24,25]. However, PKC
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inhibition resulted in a decrease of both cell proliferation and migration
[25]. Herein, pretreated MCF7 cell line with PKC inhibitor showed
downregulation of EP1-mediated p1- integrin expression together with
cell proliferation, cells population in S phase and enhanced cell
apoptosis when compared to EP1 agonist treated group. Our results were
in consistence with Lin et al. [26], who reported that PKC inhibition
decreased proliferation in triple negative breast cancer cells.

Mitogen activated protein kinase kinase (MEK) plays a vital role in
breast cancer progression mainly through activating of extracellular
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signal regulated kinase (ERK) pathway. ERK in turn, phosphorylates and
inhibits caspase-9 and activates B-cell lymphoma-2 (Bcl-2) proteins,
resulting in enhancing cancer cells proliferation. Also, MEK activated
cyclin D in cell cycle progression [27].

In the present work, pretreatment with MEK inhibitor markedly
increased apoptosis and decreased pl-integrin gene expression and
suppressed cell proliferation when compared to the EP1 agonist treated
group. Our data were in accordance with Gong et al. [28], who reported
that MEK inhibition has the ability to decrease the cell proliferation of
colorectal cancer cell line HCT 116.

Nuclear factor kappa light-chain-enhancer of activated B cells is
defined as a transcription factor that is mainly activated in many
cancer types and its activation is vital in progression, invasion and
migration [29]. It has been reported to be implicated in breast cancer
progression by upregulating cyclin D1 and down-regulating pro-
grammed cell death protein 4 [29]. Herein, pre-treating MCF7 cell line
with NF-xB inhibitor (PDTC) impaired EP1 agonist-mediated
B1l-integrin over-expression, cell proliferation, cell cycle transition
and increased apoptosis. These results were in accordance with pre-
vious study which showed that NF«kB is required for pl-integrin
transactivation in T4-2 breast cancer cells and inhibition of NFxB
reduced cells survival, induced apoptosis in tumor colonies [30].

Protein kinases; MEK and ERK are implicated in PKC pathway [31]
and NF-xB is involved in PKC mediated effect in cultured MCF7 cells
[32]. Our data revealed a connection between EP1, MEK, PKC with
NF-xB; as pretreatment with their inhibitors, decreased phosphorylated
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NF-xB p65 level. Previous studies may explain our findings regarding
the role of PKC/MEK pathway as TNF-o was implicated in MEK-induced
NF-xB over-expression, which mediated invasion in oral squamous cell
carcinoma [33,34].

FOXC2 is a member of the family of forkhead transcription factors
and involved in many developmental processes. FOXC2 is highly
expressed in breast and colon cancers [35]. NF-kxB was shown to upre-
gulate FOXC2 expression [36]. In the present study, EP1 agonist
increased FOXC2 protein level together with increasing pl-integrin
expression and cell proliferation, an effect that was reversed by EP1
antagonist pretreatment. Similarly, inhibitors of MEK, NF-xB and PKC
inhibited FOXC2 level when compared with EP1 agonist group. Yu et al.
[37] supported our findings and reported that NF-xB worked as positive
effector of FOXC2 that upregulated signals involved in lung cancer
progression.

E2F1 is an important transcription factor involved in carcinogen-
esis and plays a major role in G1-S phase transition in various cancers
[11]. The present research showed increased E2F1 protein level along
with increased S phase cell population, cell proliferation and p1
-integrin expression in EP1 agonist treated group, in reference to un-
treated control group. However, pretreatment with EP1, PKC, MEK
and NF-xB inhibitors decreased E2F1 level, cell proliferation and
pl-integrin expression.

Interestingly, E2F1 was found to act on specific site on the promoter
of FOXC2 [11]. Herein, pretreating MCF7 cells with PD98059,
GF109203X and PDTC downregulated the levels of FOXC2 and E2F1.
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Thus, both E2F1 and FOXC2 could be suggested as downstream medi-
ators for PKC, MEK and NF-xB pathways that mediated EP1-dependent
Bl-integrin upregulation. Furthermore, both E2F1 and FOXC2 have
the ability to control cell cycle by upregulating cyclin E, resulting in
enhancing the cell transition in G1-S phase in preadipocyte cells as
mentioned by Bertoli et al. [37] and Gan et al. [38].

Survivin retained the ability to interact with cyclin dependent ki-
nase, which, in turn, phosphorylates and deactivates the cell cycle
inhibitory protein retinoblastoma and permits cells transition through
the cell cycle [39]. In breast cancer; survivin is correlated with aggres-
siveness by enhancing VEGF expression and affords chemotherapy drug
resistance [40].

Herein, EP1 agonist increased survivin level compared to control
cells. On the other hand, pretreatment with SC-19220 greatly decreased
survivin level compared to EP1 agonist treated cells. Similarly, pre-
treatment with PKC, MEK and NFxB inhibitors decreased survivin level
parallel with decreased f1-integrin expression, compared to the EP1
agonist group. Previous report supported our findings, where galectin-1
activated fl-integrin enhances MDA-MB-231 cells’ progression and
survival by increasing survivin expression [41]. Interestingly, Jiang
et al. [42] reported that E2F1 binds to survivin promotor and aggravates
rat embryonic fibroblast growth. Also, FOXC2 contributed to multidrug
resistance by activating survivin in gastric cancer [43] and survivin can
activate Akt pathway which increases the integrin expression [44,45].

5. Limitation

Further in vivo experiments and clinical studies are needed to put
hands on the exact role of PGE2/EP1/ PKC/ MEK/NF-xB/ p1- integrin in
different grades and subtypes of breast cancer.

6. Conclusion

Altogether, in MCF7 cancer cells, EP1 agonist increased f1-integrin
expression, an effect reflected by enhanced cell proliferation, cell cycle
G1/S phases transition and survivin level. Furthermore, EP1, PKC, MEK
and NF-xB inhibitors, partially, mitigated EP1 agonist mediated effect
on f1- integrin through increasing apoptosis and inhibiting FOXC2,
phosphorylated NF-xB p65 and E2F1 levels, thus, inhibited cell cycle
transition, survival and proliferation. Targeting these biochemical me-
diators may afford a new breast cancer therapy strategy.
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