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Abstract Corticotropin-releasing hormone (CRH) takes a

role in the regulation of the onset of parturition. Stresscopin

(SCP) is a high affinity ligand for CRH receptor (CRHR)-2.

CRHR-2 inhibits VEGF-induced neovascularization. In the

present study, we investigated the effects of CRH and SCP

on VEGF expression in early placental extravillous tro-

phoblasts (EVTs). Isolation and culture of trophoblasts

differentiating into EVTs were performed by the enzymatic

digestion of anchoring early placental villi. The presence of

CRH, SCP, CRHR-1, and CRHR-2 in cultured EVTs was

examined by RT-PCR and immunocytochemistry. The

effects of CRH and SCP on VEGF mRNA levels in cultured

EVTs were assessed by real-time RT-PCR. CRH, SCP,

CRHR-1, and CRHR-2 were expressed in cultured EVTs at

mRNA and protein levels. Treatment with either 100 nM

CRH or 100 nM SCP for 24 h decreased VEGF mRNA

levels in cultured EVTs. The CRH- and SCP-induced

decrease in VEGF mRNA levels was counteracted by the

concomitant treatment with CRHR-2 antagonist antisauva-

gine-30, but not with CRHR-1 antagonist antalarmin. We

demonstrated that CRH and SCP inhibited VEGF mRNA

expression in cultured EVTs through the interaction with

CRHR-2, suggesting that CRH and SCP may inhibit angi-

ogenesis during early placentation.
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Introduction

In female reproductive system, stress is known to affect

menstrual disorders and pregnancy maintenance [1]. Dur-

ing stress, hypothalamic neuropeptide corticotropin-

releasing hormone (CRH) stimulates pituitary ACTH and

adrenal cortisol secretion, leading to the classic ‘‘fight or

flight’’ responses that have short-term protective and

adaptive effects and are characterized by the activation of

the CRH–adrenocorticotropin–glucocorticoid axis, medi-

ated by CRH receptor (CRHR)-1. In contrast, the CRHR-2

mediates the stress-coping responses during the recovery

phase of stress [2].

Recently, new functional CRH family members uro-

cortin (UCN), stresscopin-related peptide (SRP), and

stresscopin (SCP, urocortin 3) have been identified [2]. The

biological actions of CRH and UCN are mediated via

binding to two G protein-coupled receptors, CRHR-1and

CRHR-2 [3, 4]. These receptors share 70% identity at the

amino acid level, but have different binding properties for

the members of the CRH family [5–7]. CRH and UCN bind

to both CRHR-1 and CRHR-2, while SRP and SCP bind

exclusively to CRHR-2 [2]. These two receptor subtypes

have different physiological functions and are distributed

in the brain, pituitary, and various peripheral tissues [3, 4,

8–11]. CRHR-1 has four splice variants (1a, 1b, 2a, and C)

and CRHR-2 has three splice variants (a, b, and c), and

these receptor subtypes are thought to have different

actions [12, 13]. CRHR-2 is important for stress-coping

responses, including dearousal, sustained hypophagia, and

reduced blood pressure during the recovery phase of stress

response, and for avoiding damage incurred by excessive

exposure to the ‘‘fight or flight’’ responses initiated by the

activation of pituitary CRHR-1 [14, 15]. Elucidation of the

biological roles of these endocrine or paracrine stress
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regulators is important for the understanding of normal and

pathological status in female reproductive system. More-

over, Bale et al. demonstrated in their study using CRHR-2

deficient mice that CRHR-2 was a critical component in

the pathway necessary for the inhibition of neovasculari-

zation [16].

Neovascularization is crucial for successful early pla-

centation. Hemochorial placentation is dependent on the

establishment and maintenance of a competent fetoplac-

ental vascular network formed by branching (first and

second trimesters) and non-branching (third trimester)

angiogenesis. In human placentas, branching angiogenesis

is important for both the development of the villous vas-

culature and the formation of terminal villi [17]. Chorionic

tissues contain heterogeneous populations of trophoblasts

including villous cytotrophoblasts and syncytiotropho-

blasts, and extravillous trophoblasts (EVTs) [18]. The

development of the human fetus depends on the ability of

EVTs to invade the maternal uterine tissues to anchor the

placenta and the fetus to the maternal endometrium,

enabling the fetus to gain access to the maternal circulation

[19–21]. For successful hemochorial placentation, vascular

development and reduction in maternal blood flow resis-

tance are necessary, and vascular endothelial growth factor

(VEGF), angiopoietins, and their receptors seem to be

involved in the regulation of this molecular process [22].

Besides its mitogenic action on vascular endothelial cells,

VEGF has been reported to stimulate the proliferation of

the choriocarcinoma cell line BeWo and human EVT cell

line HTR-8 [23–25]. On the other hand, a recent study of

Kaufmann et al. has identified that the failure in the

development of functional maternal vasculature during

branching angiogenesis leads to severe conditions such as

intrauterine growth restriction of the fetus and preeclamp-

sia of the pregnant woman [26]. Low VEGF levels or

increased production of VEGF antagonists such as a sol-

uble form of VEGF receptor-1 (flt-1) have been proposed

as possible mediators of preeclampsia [17, 27, 28]. A

failure in neovascularization at the site of EVT invasion

into the endometrium is thought to be a primary cause of

abnormal placentation, which eventually leads to miscar-

riage in the first trimester of pregnancy and preeclampsia in

the second or third trimester of pregnancy [29, 30].

Human EVTs express and release CRH, UCN and

express CRHR-1 [31, 32]. Little is known about the effects

of CRH family peptides on VEGF expression in early

placental EVTs. Thus, in the present study, we investigated

the presence of CRH, SCP, and VEGF in cultured early

placental EVTs, along with the effects of these peptides on

VEGF mRNA expression in those cells. This study dem-

onstrates that CRH and SCP may take an inhibitory role in

an autocrine/paracrine manner in the regulation of VEGF

expression in early placental EVTs.

Results

RT-PCR analysis of CRH, SCP, CRHR-1, CRHR-2b,

and VEGF mRNA in cultured EVTs

The mRNA expression of CRH, SCP, CRHR-1, CRHR-2b,

and VEGF in cultured EVTs after 24 h subsequent cultures

was examined by RT-PCR analysis. The 122-bp band

corresponding to CRH, 237-bp band to SCP, 164-bp band

to CRHR-1, and 126-bp band to CRHR-2b were observed

in cultured EVTs and chorionic villi (Fig. 1). All bands

were sequenced to be correct. For VEGF mRNA expres-

sion, the 98-bp and 228-bp bands corresponding to VEGF

isoform 121 and 165, respectively, were observed in cul-

tured EVTs and chorionic villi (Fig. 1).

Immunocytochemical analysis of CRH, SCP, CRHR-1,

CRHR-2, and VEGF in cultured EVTs

To confirm the presence of CRH, SCP, CRHR-1, CRHR-2,

and VEGF proteins in cultured EVTs after 24 h subsequent

culture, immunocytochemical analyses were performed

using their specific antibodies (Table 2). CRH, SCP,

CRHR-1, CRHR-2, and VEGF were all positively immu-

nostained in cultured EVTs. The replacement of the

primary antibody with blocking peptide resulted in a lack

of positive immunostaining (Fig. 2).

Effect of CRH treatment on VEGF mRNA levels

in cultured EVTs

Real-time RT-PCR analysis revealed that the treatment

with CRH of 10 nM, 30 nM, and 100 nM significantly

(P \ 0.05) decreased VEGF mRNA levels in cultured

EVTs, to 72%, 62%, and 48%, respectively, compared with

untreated control (Fig. 3). Treatment with CRH signifi-

cantly (P \ 0.05) inhibited VEGF mRNA levels in cultured

EVTs in a dose-dependent manner. To examine whether the

CRH-induced decrease in VEGF mRNA levels was medi-

ated through interaction with its receptors, the EVTs

cultured with CRH were concomitantly treated with either

CRHR-1 specific antagonist antalarmin or CRHR-2 specific

antagonist antisauvagine-30, because CRH could bind both

two receptors. The treatment with either 1 M antalarmin

alone or 1 M antisauvagine-30 alone did not affect VEGF

mRNA levels in cultured EVTs compared with untreated

control cultures. While 100 nM CRH-induced decrease in

VEGF mRNA levels was not recovered by the concomitant

treatment with 1 M antalarmin, the 100 nM CRH-induced

decrease in VEGF mRNA in cultured EVTs was signifi-

cantly (P \ 0.05) recovered by the concomitant treatment

with 1 M antisauvagine-30 compared with treatment with

100 nM CRH alone (Fig. 3). This revealed that CRHR-2
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antagonist antisauvagine-30 could antagonize the effect of

CRH on VEGF mRNA levels in cultured EVTs.

Effect of SCP treatment on VEGF mRNA levels

in cultured EVTs

The treatment with SCP 10 nM, 30 nM, and 100 nM

attenuated VEGF mRNA levels to 65%, 61%, and 31%,

respectively, compared with untreated control cultures,

indicating that SCP treatment significantly (P \ 0.05)

decreased VEGF mRNA levels in cultured EVTs in a dose-

dependent manner compared with untreated control cul-

tures (Fig. 4). To explore whether the SCP-induced

decrease in VEGF mRNA levels was mediated through

interaction with its specific receptors, the EVTs cultured

with SCP were concomitantly treated with CRHR-2

CRH 122 bp

SCP 237 bp

CRHR-1 164 bp

CRHR-2ββ 126 bp

228 bpVEGF 165
VEGF 121 98 bp

β-actin 218 bp

β-actin 218 bp

β-actin 218 bp

β-actin 218 bp

β-actin 218 bp

chorionic
villi

EVTs

EVTschorionic
villi

Fig. 1 The mRNA expression

of CRH, SCP, CRHR-1, CRHR-

2b, and VEGF in early placental

EVTs assessed by RT-PCR. The

122-bp PCR product specific for

CRH, the 237-bp PCR product

specific for SCP, the 164-bp

PCR product specific for

CRHR-1, the 126-bp PCR

product specific for CRHR-2b
and the 98-bp and 228-bp PCR

product specific for VEGF 121

and 165 were detected

Fig. 2 Immunocytochemical staining of CRH, SCP, CRHR-1,

CRHR-2, and VEGF in early placental EVTs attached to FN-

precoated dishes after 48-h subculture. Immunocytochemical analysis

of the cells after 48-h subculture demonstrated that CRH (A), SCP

(B), CRHR-1 (C), CRHR-2 (D), and VEGF (E). The replacement of

the primary antibody with peptide resulted in a lack of positive

immunostaining in the cells CRH (F), SCP (G), CRHR-1 (H), CRHR-

2 (F), and VEGF (J). Original magnification, 9400
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specific antagonist antisauvagine-30. Treatment with 1 M

antisauvagine-30 alone did not affect VEGF mRNA levels

compared with untreated control cultures. However, the

100 nM SCP-induced decrease in VEGF mRNA in cul-

tured EVTs was significantly (P \ 0.05) recovered by the

concomitant treatment with 1 M antisauvagine-30 com-

pared with treatment with 100 nM SCP alone (Fig. 4). This

demonstrates that antisauvagine-30 could antagonize the

effect of SCP on VEGF mRNA levels in cultured EVTs.

Discussion

CRH has been implicated in playing a role in the regulation

of the onset of parturition [33]. Although CRH is a hypo-

thalamic neuropeptide, CRH is produced in several human

reproductive organs, including the endometrial glands

and decidualized stroma, as well as villous trophoblasts and

placental deciduas [34]. Human EVTs also express and

release CRH, UCN and express CRHR-1 [32, 35]. Thus far,

locally produced CRH has been reported to promote

implantation and maintenance of early pregnancy by

inducing apoptosis of the surrounding activated T lym-

phocytes at the fetal-maternal interface through CRHR-1

[32]. On the other hand, CRH has been described to inhibit

trophoblast invasion by decreasing the expression of car-

cinoembryonic antigen-related cell adhesion molecule 1

through CRHR-1 [35]. The exact functions of placental

CRH during early pregnancy still remain to be elucidated.

CRH, a 41-amino acid peptide, can activate both CRHR-

1 and CRHR-2. CRHR-1 expression in human EVTs has

been confirmed, whereas CRHR-2 expression in human

EVTs has not been shown yet [32]. In the present study,

RT-PCR analysis based on the sequence analysis of the

cDNAs obtained from human EVTs indicated that CRHR-1

and CRHR-2, especially CRHR-2b had all correct

sequence. Immunocytochemical analysis also demon-

strated the presence of CRHR-1 and CRHR-2 proteins in

human EVTs. It is, therefore, now evident that both CRHR-

1 and CRHR-2 are present in human EVTs. CRHR-2 is a

receptor, which can be bound by the newly identified SCP

and SRP [2]. Although SCP is a newly identified member

of CRH family peptides in the central nervous system, SCP

is expressed in many organs ubiquitously. In the pancreas,

SCP secreted from pancreas beta cells regulates glucagon

and insulin secretion by its binding to the receptor, CRHR-

2 in the pancreas beta cells in a paracrine manner [36].

In the present study, we evaluated the effects of the

CRH family peptides on the expression of VEGF in cul-

tured early placental EVTs. This is because CRHR-2

knockout mouse indicates that CRHR-2 suppresses vas-

cularization through inhibiting the expression of VEGF

[16]. We found that SCP and its receptor, CRHR-2 were

identified in cultured early placental EVTs and that both

SCP and CRH inhibited VEGF expression through their

binding to CRHR-2 in those cells. Since both CRH-induced

decrease in VEGF mRNA and SCP-induced decrease in

VEGF mRNA in cultured EVTs were reversed by the

concomitant treatment with CRHR-2 antagonist, anti-

sauvagine-30, but not with CRHR-1 antagonist antalarmin,

the inhibitory effects of CRH and SCP on the VEGF

expression in those cells were mediated through CRHR-2,

but not through CRHR-1. It is, therefore, likely that CRH

and SCP may affect vascularization in early placentation
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Fig. 3 Effect of CRH on the VEGF mRNA levels in cultured early

placental EVTs concomitantly treated with either CRHR-1 antagonist,

antalarmin or CRHR-2 antagonist, antisauvagine-30. The amount of

VEGF mRNA was extrapolated from a standard curve by quantitative

RT-PCR, and the results are expressed as the relative VEGF mRNA

levels in EVTs compared to the untreated controls. Data represent the

mean ± SEM of three independent experiments. * P \ 0.05 com-

pared with untreated control, � P \ 0.05 compared with treatment

with 100 nM CRH
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Fig. 4 Effect of SCP on the VEGF mRNA levels in cultured early

placental EVTs concomitantly treated with either CRHR-2 antagonist,

antisauvagine-30. The amount of VEGF mRNA was extrapolated

from a standard curve by quantitative RT-PCR, and the results are

expressed as the relative VEGF mRNA levels in EVTs compared

to the untreated controls. Data represent the mean ± SEM of

three independent experiments. * P \ 0.05 compared with untreated

control, � P \ 0.05 compared with treatment with 100 nM SCP
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through the inhibition of VEGF expression in early pla-

cental EVTs.

During early placentation, differentiation and develop-

mental processes such as trophoblast invasion and complete

remodeling of maternal vasculature are regulated by angio-

genic growth factors and their receptors. EVTs have a unique

ability to invade maternal blood vessels to replace the

maternal vascular endothelium within the spiral artery seg-

ments in the myometrium, and to remodel the tunica media of

these arteries [26]. Angiogenic growth factors are considered

to be the main mediators of these processes. Actually the

importance of VEGF, angiopoietins and their tyrosine kinase

receptors in placental angiogenesis has been demonstrated in

the mouse [17, 37]. The discrete phenotypes of the null

animals suggest the distinct roles for individual families with

VEGF family members being important for the initial stages

of vasculogenesis and angiogenesis and with angiopoietins

being involved in the latter stages of fetal blood vessel

maturation [17, 38]. On the other hand, in human EVT cell

line HTR-8, VEGF was shown to stimulate proliferation but

not migration or invasiveness [24].

The present study is, to our knowledge, the first to reveal

that both CRH and SCP are present in cultured early pla-

cental EVTs, and that CRH and SCP, through their binding

to CRHR-2, inhibit VEGF mRNA expression in cultured

early placental EVTs. These findings suggest that CRH and

SCP produced in early placental EVTs may take an

inhibitory role in the autocrine/paracrine regulation of

placental vascular development through attenuating VEGF

mRNA expression in those cells. In this context, it is

noteworthy that CRH is increased in most samples

including myometrium, fetal membranes, and chorionic

villi in women with spontaneous abortions when compared

with the levels in elective abortions [39].

Materials and methods

Clinical material

Normal early placental tissues were obtained from 32

patients who underwent elective abortion at 4 to 8 weeks of

gestation for psychosocial reasons. The gestational age of the

placenta was determined by estimating the duration of

pregnancy from the date of the patient’s last menstrual period

and by ultrasound examination. The use of placental tissues

in the present study was approved by the institutional review

board. Informed consent was obtained from each patient.

Cell culture

Trophoblasts differentiating into EVTs was isolated and

purified according to the techniques using the enzymatic

digestion of anchoring chorionic villi, as described previ-

ously (Oki et al., 2004). Trophoblasts from the cell column

were directly accessible to enzymatic digestion and were

released from the tissues in aggregates, whereas the iso-

lation of villous cytotrophoblasts required more intensive

enzymatic digestion of chorionic villi [40]. Purified human

fibronectin (FN); 10 g/ml (ICN Biomedicals, Aurora, OH)

was incubated at 37�C for 1 h in 5% CO2, and then 0.5 ml

FN was placed into the dishes. Chorionic villi were incu-

bated in PBS containing 0.125% trypsin (Sigma–Aldrich

Corp., Tokyo, Japan), 4.2 mM MgSO4, 25 mM HEPES,

and 50 Kunitz unit/ml deoxyribonuclease type IV (Sigma-

Chemie, Saint-Quentin, Fallavier, France) at 37�C for

15 min without agitation. After tissue sedimentation, the

supernatant was filtered (100 m pore size). The collected

cells were sedimented twice with PBS. Trypsin digestion

was stopped with 5% FBS (BioWhittaker, Walkersville,

MD). The cells obtained were centrifuged at 300g for

10 min, diluted to a concentration of 5–6 9 105 cells/2 ml,

and then plated on FN-precoated, six-well, 35-mm culture

dishes (BD Biosciences, Oxnard, CA) and FN-precoated,

two-well chamber plastic slides (Nalge, Nunc Interna-

tional, Naperville, IL). The cells were maintained in

bicarbonate-buffered RPMI Medium 1640 (Invitrogen Life

Technologies, Grand Island, NY), supplemented with 10%

FBS, 2 mM glutamine, 25 mM HEPES, 100 IU/ml peni-

cillin, and 100 g/ml streptomycin, and incubated in 5%

CO2 at 37�C. For 3 h, the cells were washed three times

and were cultured for 48 h at 37�C in 5% CO2 in bicar-

bonate-buffered RPMI Medium 1640 supplemented with

10% FBS, 2 mM glutamine, 25 mM HEPES, 100 IU/ml

penicillin, and 100 g/ml streptomycin. The cells attached to

FN-precoated dishes were characterized by immunocyto-

chemical analyses of cytokeratin-7 (CK7), human placental

lactogen (hPL), ErbB1, and ErbB2 to identify the tropho-

blastic origin of the cells as we reported previously [40].

The immunocytochemical features of the cells attached to

FN-precoated dishes after 48-h subculture were positive for

immunostaining of CK7, hPL, and ErB2 and negative for

immunostatining of ErB1, indicating the characteristic

features of EVTs [41]. The cells were also characterized by

RT-PCR analyses of ErbB1 and ErbB2 after 48-h subcul-

tures (date not shown). Thereafter, cultured cells were

stepped down to a condition by incubating in RPMI

Medium 1640 without FBS supplemented with 2 mM

glutamine, 25 mM HEPES, 100 IU/ml penicillin, and

100 g/ml streptomycin. After 48 h of subsequent cultures,

the expression of CRH, SCP, CRHR-1, CRHR-2, and

VEGF was examined by RT-PCR and immunocytochem-

istry. The cultured cells were treated for the subsequent

24 h with the different doses (10–100 nM) of CRH and

SCP, which were dissolved in PBS and distilled water,

respectively, according to the manufacture’s protocol
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(Phoenix Pharmaceuticals Inc., Belmond, CA) in the

presence or absence of 1 M antalarmin (42) (Sigma–

Aldrich Corp., Tokyo, Japan), or 1 M antisauvagine-30

[43] (Phoenix Pharmaceuticals Inc., Belmond. CA). After

24 h of subsequent cultures, VEGF expression in cultured

EVTs was monitored by real-time quantitative RT-PCR.

Total RNA extraction and cDNA synthesis

After 24 h of subsequent cultures, total RNA was isolated

from EVTs using RNeasy Micro Kit (Qiagen, Hilden,

Germany). First strand cDNA was synthesized from 4 lg

total RNA using a Transcriptor 1st Strand cDNA Synthesis

Kit (Roche Applied Science, Mannheim, Germany).

RT-PCR

PCR was performed using 0.1 lg cDNA as a template in a

25-ll reaction buffer [10 mM Tris-HCl (pH 9.0), 50 mM

KCl, 1.5 mM MgCl2, and 0.1% Triton X-100 containing

1.0 pM of each primer, 2.5 mM deoxy-NTPs, and 2.5 Taq

DNA polymerase (Promega Corp., Madison, WI)]. Reac-

tions were amplified by a Gene Amp PCR System 9600-R

(PerkinElmer, Norwalk, CT) using the following thermal

profile. The specific oligonucleotide primers designed to

amplify the sequences of CRH, SCP, CRHR-1, CRHR-2,

and VEGF are listed in Table 1. The 10 microliters reac-

tion mixture was electrophoresed on a 1.8% agarose gel

and visualized by ethidium bromide. Distilled water was

used as a negative control for all of the reactions in place of

the cDNA. The resultant PCR products were cloned into

TA cloning vector (Invitrogen, San Diego, CA) and

sequenced (Bio Matrix Research, Inc, Chiba, Japan). The

sequence data were analyzed using Blast Nucleic Acid

Database Searches from the National Center for Biotech-

nology Information.

Immunocytochemistry for cultured early human EVTs

Immunocytochemical staining was performed using the

avidin-biotin immunoperoxidase method with the use of

Vectastain ABC kit (Vector Laboratories, Inc., Burlingame,

CA). Briefly, cultured cells attached to the FN-precoated

chamber slides were washed three times with PBS at room

temperature and were fixed in 1.0% formaldehyde for

10 min. The fixed cells were preincubated with 3%

hydrogen peroxide in methanol for 20 min to quench

endogenous peroxidase activity, and then blocked with 5%

blocking serum in PBS for 30 min to saturate nonspecific

binding sites. The primary antibodies against CRH, SCP,

CRHR-1, CRHR-2, and VEGF were diluted with PBS

containing 5% blocking serum. The fixed cells were incu-

bated overnight at 4�C and washed three times for 20 min

with PBS. The fixed cells were incubated with biotinylated

polyvalent antibody, and then were carried out with avidin-

biotinylated enzyme complex. Thereafter, chromogenic

reaction was developed by incubation with prepared solu-

tion of DAB substrate Kit (Vector Laboratories, Inc.,

Burlingame, CA). Negative controls were performed by

substituting the primary antibody with peptides. The cells

were counterstained with Harris hematoxylin, and mounted

in 65% methylbenzene toluol phenylmethane. The primary

antibodies used are indicated in Table 2.

Real-time quantitative RT-PCR

After 24 h of subsequent cultures with either CRH or SCP,

total RNA was obtained from cultured EVTs. For VEGF

Table 1 Primer sequences used in RT-PCR

Sense primer,

antisense primer

Sense primer, antisense primer Annealing

temperature/cycle

PCR

product (bp)

CRH 50-TCCGAGGAGCCTCCCATC-30 65�C/32 cycle 122

50- AATCTCCATGAGTTTCCTGTTGC-30

SCP 50-TACCTGCGCAGCAGAGACGCCTCTTC-30 65�C/32 cycle 237

50-CTTGGCGATGTTGAAGAGGAGGTTCAT-30

CRHR-1 50-TGGTGTCCGCTACAATACCA-30 65�C/35 cycle 164

50-AGTGGCCAGGTAGTTGATG-30

CRHR-2b 50-TCAGCCGTGAGGAAGAGGTG-30 66�C/35 cycle 126

50-GGCCGTCTGCTTGATGCTGT-30

VEGF 50-CACATAGGAGAGATGAGCTTC-30 57�C/33 cycle *

50-CCGCCTCGGCTTGTCACAT-30

b-actin 50-AAGAGAGGCATCCTCACCCT-30 52�C/35 cycle 218

50-TACATGGCTGGGGTGTTGAA-30

*The VEGF primers correspond to exon 4 and exon 8 of the VEGF gene. These amplified fragments of 98, 168, 228, 300, and 350 base pairs (bp)

correspond to human VEGF isoforms 121, 145, 165, 189, and 206, respectively
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mRNA levels, the ratio of VEGF to GAPDH mRNA copy

number was measured with real-time quantitative RT-PCR

using a LightCycler system and SYBR green I dye (Roche

Molecular Systems, Indianapolis, IN). The relative VEGF

mRNA levels in EVTs treated with either CRH or SCP

were calculated compared to untreated controls. The VEGF

and GAPDH primers and their standard cDNAs were

synthesized (Search-LC, Heidelberg, Germany). The

reaction mixture contained 2 ll LC DNA Master SYBR

Green I, 2 ll of GAPDH or VEGF LightCycler-Primer Set

(Search-LC, Heidelberg, Germany), and 10 ll cDNA with

dilution at 1:500. The final volume was adjusted to 20 ll

with H2O. The PCR conditions were programmed

according to the primer supplier’s instructions. Fluorescent

products were measured by a single acquisition mode after

each cycle. To distinguish specific products from non-

specific products, and primer dimers, a melting curve was

obtained.

Statistical analysis

Results were expressed as the mean ± SEM of three

independent experiments. Statistical analyses were carried

out by one-way ANOVA and posthoc Student’s t-test. P

value of \0.05 was considered to be significant.
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