
17b-Estradiol inhibits prostaglandin E2-induced COX-2
expressions and cell migration by suppressing Akt and ERK1/2
signaling pathways in human LoVo colon cancer cells

Tung-Yuan Lai • Li-Mien Chen • Jing-Ying Lin • Bor-Show Tzang •

James A. Lin • Chang-Hai Tsai • Yueh-Min Lin • Chih-Yang Huang •

Chung-Jung Liu • Hsi-Hsien Hsu

Received: 10 January 2010 / Accepted: 12 April 2010 / Published online: 6 May 2010

� Springer Science+Business Media, LLC. 2010

Abstract Epidemiological studies demonstrate that the

incidence and mortality rates of colorectal cancer in

women are lower than in men. However, it is unknown if

17b-estradiol treatment is sufficient to inhibit prostaglandin

E2 (PGE2)-induced cellular motility in human colon can-

cer cells. Upregulation of cyclooxygenase-2 (COX-2) is

reported to associate with the development of cancer cell

mobility, metastasis, and subsequent malignant tumor.

After administration of inhibitors including LY294002

(Akt activation inhibitor), U0126 (ERK1/2 inhibitor),

SB203580 (p38 MAPK inhibitor), SP600125 (JNK1/2

inhibitor), or QNZ (NFjB inhibitor), we found that PGE2

treatment increases COX-2 via Akt and ERK1/2 pathways,

thus promoting cellular motility in human LoVo cancer

cells. We further observed that 17b-estradiol treatment

inhibits PGE2-induced COX-2 expression and cellular

motility via suppressing activation of Akt and ERK1/2 in

human LoVo cancer cells. Collectively, these results suggest

that 17b-estradiol treatment dramatically inhibits PGE2-

induced progression of human LoVo colon cancer cells.
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Abbreviations

E2 17b-Estradiol

PGE2 Prostaglandin E2

ERK Extracellular signal regulated kinase

p38 MAPK p38 Mitogen-activated protein kinase

JNK c-Jun N-terminal kinase

NF-jB Nuclear factor j B

PI3-K Phosphatidylinositol 3-kinase

PKB Protein kinase B

DMEM Dulbecco’s modified Eagle’s medium

QNZ 6-Amino-4-(4-phenoxyphenylethylamino)

quinazoline

ECM Extracellular matrix

PBS Phosphate-buffered saline

Introduction

Colorectal carcinoma (CRC) is one of the most prevalent

cancers world-wide [1], and is the secondary leading cause

of cancer-related mortality in the developed countries [2].

Colon cancer accounts for more than 130,000 new cases

per year [3] and causes more than 56,000 deaths per year in

United States [4] despite the advanced chemotherapeutic

treatments.

Cyclooxygenase 2 (COX-2) is overexpressed in several

human cancers. COX-2 enzymes converted arachidonic

acid into various structurally related prostaglandins,

including prostaglandin E2 (PGE2), PGD2, PGF2a, PGI2,

and thromboxane A2 by specific prostaglandin synthases

[5]. COX-2 expression is normally low or absent in

most cells and tissues but greatly upregulated by tumor

promoters [6], which indicate that COX-2 is a pharmaco-

logical target for anticancer therapy. Among the COX-2-

derived prostaglandins, PGE2 has emerged as one of the

most studied because that COX-2 mediated PGE2 synthesis

is showed to further induce expression of COX-2 positive

feedback, thus leading to the development of malignant

tumor [5, 7].

Epidemiological studies demonstrate that the incidence

and mortality rates of colorectal cancer in women are lower

than in men [8]. Estrogen (E2) performing the profound

effect on target tissue is mediated by two estrogen receptor

(ER) subtypes ERa and ERb [9]. ERa and ERb have been

identified in colon tissue in both the sexes [10]. In obser-

vational studies, estrogen exerts a protective role against the

development of fatal colon cancer with a substantially

decreased risk in women receiving hormone replacement

therapy (HRT) [11–13], and a reduced mortality from this

disease [14]. However, the precise mechanism behind

protective effects of 17b-estradiol against PGE2-induced

progression in colon cancer remains unclear. In this study,

we examined the effects of 17b-estradiol on PGE2-induced

cellular motility in human LoVo colon cancer cells, and

further identified the precise molecular and cellular mecha-

nisms behind this protective property. The results demon-

strated that 17b-estradiol treatment inhibits PGE2-induced

cellular motility and expression of COX-2 by suppressing the

activation of Akt and ERK1/2 in LoVo cells. This study

suggests that 17b-estradiol presents the properties of anti-

cancer by inhibiting PGE2-induced progression in human

LoVo cancer cells.

Methods

Cells, antibodies, reagents, and enzymes

Human colon cancer cell lines, LoVo, were obtained from

the American Tissue Culture Collection (ATCC) (Rockville,

MD, USA). LoVo cells were established from the metastatic

nodule resected from a 56-year-old colon adenocarcinoma

patient. 17b-Estradiol (E2) purchased from Sigma (Sigma

Chemical Co., St. Louis, Missouri, USA). Prostaglandins E2

(PGE2) was purchased from CALBIOCHEM (Darmstadt,

Germany). The LY294002 (PI3K inhibitor), U0126

(MEK1/2 inhibitor), SB203680 (p38 MAPK inhibitor),

SP600125 (JNK inhibitor), and ER antagonist ICI 182,780

(ICI) were purchased from TOCRIS (Ellisville, Missouri,

USA). 6-Amino-4-(4-phenoxyphenylethylamino) quinazo-

line (QNZ), NFjB activation inhibitor was purchased from

Calbiochem, Darmstadt, Germany. We utilized the follow-

ing antibodies against Akt and phospho-Akt, (Cell Signaling

Technology, Inc. Beverly, MA, USA); ERK1/2, phospho-

ERK1/2, and COX-2 (Santa Cruz Biotechnology, Inc. Santa

Cruz, California, USA); a-tubulin (Lab Vision Corporation,

Fremont, California, USA) as loading control. Goat anti-

mouse IgG antibody conjugated to horseradish peroxidase

and goat anti-rabbit IgG antibody conjugated to horseradish

peroxidase and rabbit anti-goat IgG horseradish peroxidase

conjugate were purchased from Santa Cruz Biotechnology,

Inc., California, USA.

Cell culture

LoVo colon cancer cell line from the American Type

Culture Collection (ATCC) (Rockville, MD) were cultured

on 100- or 60-mm culture dishes in Dulbecco’s modified
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Eagle’s medium (DMEM) supplemented with 100-lg/ml

penicillin, 100-lg/ml streptomycin, 2-mM glutamine,

1-mM HEPS buffer, and 10% Clontech fetal bovine serum

in humidified air (5% CO2) at 37�C

Immunoblotting

To isolate total proteins, cultured LoVo cells were washed

with cold PBS and resuspended in lysis buffer (50-mM

Tris, pH 7.5, 0.5-M NaCl, 1.0-mM EDTA, pH 7.5, 10%

glycerol, 1-mM BME, 1% IGEPAL-630 and a proteinase

inhibitor cocktail; Roche Molecular Biochemicals). After

incubation for 30 min on ice, the supernatant was collected

by centrifugation at 12,0009g for 15 min at 4�C, and the

protein concentration was determined by the Bradford

method. Sample containing equal proteins (60 lg) were

loaded and analyzed by Western blot analysis. Briefly,

proteins were separated by 12% SDS-PAGE and trans-

ferred onto PVDF membrane (Millipore, Belford, Massa-

chusetts, USA). Membrane was blocked with blocking

buffer (5% non-fat dry milk, 20-mM Tris-HCl, pH

7.6, 150 mM NaCl, and 0.1% Tween 20) for at least 1 h at

room temperature. Membranes were incubated with pri-

mary antibodies (1:1000) in the above solution on an orbit

shaker at 4�C overnight. Following primary antibody

incubations, membranes were incubated with horseradish

peroxidase-linked secondary antibodies (1:2000) (anti-

rabbit, anti-mouse, or anti-goat IgG).

Migration assay

Migration assay was performed using the 48-well Boyden

chamber (Neuro Probe) plate with the 8-lm pore size

polycarbonate membrane filters [15]. The lower compart-

ment was filled with DMEM containing 20% FCS. LoVo

cells were placed in the upper part of the Boyden chamber

containing serum-free medium and incubated for 48 h.

After incubation, the cells on membrane filter were fixed

with methanol and stained with 0.05% Giemsa for 1 h. The

cells on upper surface of the filter were removed with a

cotton swab. The filters were then rinsed in double distilled

water until additional stain was leached. The cells then were

air-dried for 20 min. The migratory phenotypes were

determined by counting the cells that migrated to the lower

side of the filter with microscopy at 9200 and 9400 mag-

nifications, respectively. The fourth fields were counted for

each filter, and each sample was assayed in triplicate.

Statistical analysis

Each experiment was duplicated at least three times.

Results were presented as the mean ± SE, and statistical

comparisons were made using the Student’s t test. Signif-

icance was defined at the P \ 0.05 or 0.01 levels.

Results

The effect of prostaglandin E2 on expression of COX-2

in human LoVo colon cancer cells

We detected the expression of COX-2 in LoVo cells treated

with PGE2. In this study, we observed that the significant

increase in expression level of COX-2 (Fig. 1) is induced

following PGE2 (10-6 M) treatment within 3 h, and is

maintained up for 24 h. The quantitative results showed

that COX-2 is significantly increased by approximately

2.77-fold within 3 h, 2.86-fold within 6 h, 2.58-fold within

12 h, and 2.49-fold within 24 h.

Both Akt and ERK1/2 co-mediate PGE2-upregulated

COX-2 in human LoVo colon cancer cells

To further identify which signal transduction pathway(s) is

involved in the mechanism behind PGE2-upregulated

expression of COX-2 in human colon cancer cells, we

applied the following inhibitors such as Akt (LY294002),

U0126 (ERK1/2 activation inhibitor), SB203580 (p38

Fig. 1 PGE2 induces expression of COX-2 in human LoVo colon

cancer cells. LoVo cells cultured in DMEM were treated with PGE2

(10-6 M) for 3, 6, 12, and 24 h, and subsequently observed protein

level of COX-2 in LoVo cells by immunoblotting assay. The

responses to different time periods of PGE2 treatment were measured

by the immunoblotting assay. * P \ 0.05 versus control, ** P \ 0.01

versus control (mean ± SE, n = 3)
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MAPK inhibitor), SP600125 (JNK1/2 inhibitor), and QNZ

(NFjB activation inhibitor) to, respectively, block these

pathways following the administration of PGE2. LoVo

cells were preincubated with LY294002 (1 lM), U0126

(1 lM), SB203580 (1 lM), SP600125 (1 lM), or QNZ

(1 lM) for 1 h and followed by the administration of

PGE2 (1 lM) for 24 h, and subsequently were subjected to

immunoblotting assay to assess the effect of these inhibi-

tors on PGE2-induced expression of COX-2. The finding

showed that Akt inhibitor (LY294002) and ERK1/2

inhibitor (U0126) significantly suppress PGE2-induced

protein levels of COX-2 (Fig. 2). It suggested that coop-

eration of Akt and ERK1/2 mediates PGE2-induced

COX-2 expression in human LoVo colon cancer cells.

The effect of prostaglandin E2 on activation of Akt

and ERK1/2 in human LoVo colon cancer cells

To further explore the effects of prostaglandin E2 (PGE2)

on activation of Akt, and ERK1/2 in human LoVo colon

cancer cells, we first treated LoVo cells with PGE2

(10-6 M) for various time periods (15 min, 30 min, 1 h,

3 h, 6 h, 12 h, and 24 h), and subsequently measured the

phosphorylation/activation of proteins by immunoblotting

assay. Phosphorylation of Akt and ERK1/2 is significantly

induced within 15 min in response to PGE2 stimulation,

and was maintained up for 24 h (Fig. 3). The findings

suggested that administration of PGE2 may induce the

progression of human colon cancer by inducing activation

of Akt and ERK1/2.

17b-Estradiol inhibits PGE2-induced COX-2

expression by suppressing activation of Akt

and ERK1/2

In this study, we treated LoVo cells with 17b-estradiol

(10-8 M) for various time periods (5 min, 15 min, 30 min,

1 h, 3 h, 6 h, 12 h, and 24 h), and subsequently measured

the phosphorylation/activation of proteins by immunoblot-

ting assay. The results showed that phosphorylation of Akt

and ERK1/2 are significantly reduced within 5 min in

response to 17b-estradiol stimulation, and are maintained up

for 24 h (Fig. 4a). Serum-starved human LoVo colon cancer

cells were preincubated with 17b-estradiol (10-8 M) for

30 min, followed by PGE2 (10-6 M) treatment for 3 or 24 h,

and then were subjected to immunoblotting assay for protein

detection of phospho-Akt, phospho-ERK1/2, and COX-2,

respectively. We observed that PGE2-induced phosphory-

lation of Akt and ERK1/2 are dramatically inhibited by

17b-estradiol, which further led to the down-regulation of

COX-2 expression within 24 h in human LoVo colon cancer

cells (Fig. 4b).

17b-Estradiol inhibits PGE2-induced cell migration

in human LoVo colon cancer cells

In this study, we examined the effects of PGE2 on the

migration ability in human LoVo colon cancer cells by

culturing LoVo cells with PGE2 (10-6 M) in the presence

Fig. 2 PGE2 upregulates COX-2 via Akt and ERK1/2 pathways in

human LoVo colon cancer cells. LoVo cells were pretreated with

vehicle, LY294002 (Akt activation inhibitor), U0126 (ERK1/2

activation inhibitor, 1 lM), SB203580 (p38 MAPK inhibitor,

1 lM), SP600125 (JNK1/2 inhibitor, 1 lM), or QNZ (NFjB

inhibitor, 1 lM) for 1 h and followed by PGE2 (10-6 M) adminis-

tration for 24 h, and then were harvested for immunoblotting assays.

Total protein of cell extracts was separated by 12% SDS-PAGE,

transferred to PVDF membranes, and immunoblotted with antibodies

against COX-2 protein. Equal loading was assessed with an anti-a-

tubulin antibody. * P \ 0.05 versus control, ** P \ 0.01 versus

control (mean ± SE, n = 3)

Fig. 3 PGE2 induces activation of Akt and ERK1/2 in human LoVo

colon cancer cells. LoVo cells cultured in DMEM were treated with

PGE2 (10-6 M) for various periods (15 min, 30 min, 1 h, 3 h, 6 h,

12 h, and 24 h), and subsequently measured the phosphorylation/

activation of proteins by immunoblotting assay. The responses to

different time periods of PGE2 treatment were measured by the

immunoblotting assay
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or in the absence of Akt inhibitor (LY294002), ERK1/2

inhibitor (U0126) for 48 h. Subsequently, we observed the

ability of migration in LoVo cells by migration assay. In

migration assay (Fig. 5), we observed that PGE2 induces a

dramatic increase in cellar migration in LoVo cells. A

significant increase of cell migration about 85.67% fol-

lowing PGE2 treatment (10-6 M) for 48 h was observed in

human LoVo cancer cells. However, inhibitors such as

LY294002 and U0126 significantly blocked PGE2-induced

cell migration about 47.13 and 43.15%, respectively. In

addition, pretreatment of 17b-estradiol (10-8 M) notably

inhibited PGE2-promoted LoVo cancer cell migration.

Alone 17b-estradiol treatment showed a significant reduc-

tion in LoVo cell migration in the absence of PGE2. ICI

182780 treatment further confirmed the inhibitory property

of 17b-estradiol/estrogen receptor (ER) complex on LoVo

cellular motility by suppressing function of ERs. These

findings suggested that 17b-estradiol may inhibit PGE2-

promoted cellular motility by suppressing activation Akt

and ERK1/2 in human LoVo colon cancer cells.

Discussion

The major findings of this study can be summarized as

followings: (1) PGE2 treatment dramatically induces

phosphorylation of Akt and ERK1/2 in human LoVo colon

cancer cells. (2) Migration of LoVo colon cancer cells is

significantly promoted by PGE2 (10-6 M) treatment. We

simultaneously observed that an increase in cell migration

is accompanied with the upregulation of COX-2, following

PGE2 (10-6 M) treatment. In addition, both Akt and

ERK1/2 signaling pathways contribute to COX-2 expres-

sion in response to PGE2 treatment. (3) PGE2-induced

expression of COX-2 in human LoVo cells is significantly

inhibited by 17b-estradiol (10-8 M) pretreatment. 17b-

Estradiol dramatically inhibits PGE2-induced COX-2

expression by suppressing activation of both Akt and

ERK1/2. These results demonstrate that 17b-estradiol may

efficiently inhibit PGE2-induced progression in human

LoVo colon cancer cells (Fig. 6).

An increase in COX-2 expression has been detected in

50% of colorectal adenomas and in up to 85% of colorectal

cancer [16], which further indicates that great expression of

COX-2 is a marker for poor survival [17]. Evidences have

shown that deficiency or inhibition of COX-2 function is

associated with a reduced risk of malignant tumor forma-

tion and growth in colorectal cancer in clinical and animal

studies [18–21]. Stimuli such as growth factors, cytokines,

and tumor promoters have been shown to up-regulate level

of COX-2 by various signaling pathways such as Akt,

protein kinase C (PKC), and mitogen-activated protein

kinases (MAPKs) [5, 22–26]. In this study, we observed

that 17b-estradiol dramatically inhibits PGE2-induced

COX-2 expression by suppressing the activation of Akt and

ERK1/2 signaling pathways.

A large number of studies have been dedicated to

exploring the molecular mechanisms involved in the

downregulation of cancer development. Mitogen-activated

protein kinases (MAPKs) include tree major subfamilies

such as the extracellularly responsive kinases (ERKs), the

c-Jun N-terminal kinases (JNKs), also known as stress-

activated protein kinases (SAPKs), and the p38 MAPKs

[27]. Studies have showed that ERK1/2 is involved in

hepatoma-derived growth factor-induced promotion of

carcinogenesis of gastric epithelial cells [28] and in the

proliferation of pancreatic stellate cells [29]. p38 MAPK

mediates TNFa-induced MMP-9 expression, thus leading

to the progression of human urinary bladder cancer cells

[30]. JNK/AP-1 signaling pathway may contribute to cel-

lular migration and invasion of prostate cancer cells [31].

Hepatocyte growth factor activated both Akt and JNK

which enhance the proteolysis and invasiveness of human

nasopharyngeal cancer cells [32]. Abnormal response of

Fig. 4 17b-Estradiol down-regulates PGE2-induced COX-2 expres-

sion by suppressing activation of Akt and ERK1/2 in human LoVo

cells. a LoVo cells cultured in DMEM were treated with 17b-estradiol

(10-8 M) for various periods (5 min, 15 min, 30 min, 1 h, 3 h, 6 h,

12 h, and 24 h), and subsequently measured the phosphorylation/

activation of proteins by immunoblotting assay. The responses to

different time periods of 17b-estradiol treatment were measured by

the immunoblotting assay. b LoVo cells were pretreated with

17b-estradiol (10-8 M) for 30 min, followed by PGE2 (10-6 M)

treatment for 3 or 24 h, and then were subjected to immunoblotting

assay for protein detection of phospho-Akt and phospho-ERK1/2

(PGE2 stimulation within 3 h); COX-2 (PGE2 stimulation within

24 h). * P \ 0.05 versus control, ** P \ 0.01 versus control

(mean ± SE, n = 3)
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NFkB signaling pathway may contribute to the chemore-

sistance in acute lymphoblastic leukemia [33].

Therefore, we further attempted to identify the role of

these factors including Akt, ERK1/2, p38 MAPK and

JNK1/2 and NFkB in PGE2-induced expression of COX-2

and PGE2-promoted cellular mobility in human LoVo

colon cancer cells. Using Akt activation inhibitor

LY294002, ERK1/2 activation inhibitor U0126, p38

MAPK inhibitor SB203580, JNK1/2 inhibitor SP600125,

and NFkB activation inhibitor QNZ, we observed that both

Akt and ERK1/2 signaling pathways co-mediate PGE2-

induced COX-2 expression, which further contributes to

cellular motility of human LoVo cancer cells. Previous

studies have shown that 17b-estradiol (E2) binding to

estrogen receptors (ERs) can regulate tissue/cellular

responses through multiple signaling pathways [27]. In this

study, we further observed that 17b-estradiol pretreatment

inhibits PGE2-induced expression of COX-2 and cellular

motility via suppressing activation of Akt and ERK1/2 in

LoVo cells. It suggested that 17b-estradiol presents the

anti-cancer properties by inhibiting PGE2-promoted pro-

gression in human LoVo cancer cells. Estrogen receptors

a and b (ERa and b) have been identified in colon tissue.

Therefore, further more studies are also required to identify

Fig. 5 17b-Estradiol inhibits

PGE2-promoted cellular

motility in human LoVo cells.

LoVo cells cultured in DMEM

were pretreated with vehicle,

LY294002 (Akt activation

inhibitor), U0126 (ERK1/2

activation inhibitor, 1 lM), or

17b-estradiol (10-8 M) for 1 h

prior to PGE2 (10-6 M)

treatment for another 48 h, and

subsequently observed the

ability of migration in LoVo

cells by migration assay. At the

same time, LoVo cells were

treated 17b-estradiol (10-8 M)

in the presence or in the absence

of ERs inhibitor, ICI 182780

(5 9 10-6 M). The responses to

different treatments were

observed and analysis with a

fluorescence microscope.

* P \ 0.05 versus control,

** P \ 0.01 versus control

(mean ± SE, n = 4)
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which ER subtype (ERa and/or ERb) is involved in

downregulation of cellular mobility in human LoVo colon

cancer cells.
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