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Abstract The human placenta produces high amounts of

estradiol. 17b-hydroxysteroid dehydrogenase type 2

(17bHSD2) is expressed by placental endothelial cells and

was proposed to regulate sex hormone levels. Previous

results obtained in term placenta suggested that 17bHSD2

expression and activity differ among umbilical cord ves-

sels. In this study, 17bHSD2 expression level and enzy-

matic activity, and estrogen receptor a and b expression

levels, were measured in endothelial cell cultures from

umbilical arteries (HUAEC) and vein (HUVEC) using real-

time quantitative PCR, western blot, and radiolabeled ste-

roids. 17bHSD2-specific activities were also measured in

proximal and distal segments of freshly isolated umbilical

cord arteries and vein. 17bHSD2 mRNA level and activity

were higher in HUAEC than in HUVEC. Activity was

higher in umbilical arteries than in the umbilical vein. In

arteries, enzymatic activity was higher near the placenta,

suggesting a gradient of expression. No difference was

found in ERa expression, whereas ERb was expressed at a

higher level in HUAEC than in HUVEC. Expression pro-

files of estrogen receptors and 17bHSD2 suggest a vessel

type-specific response to estrogens. Our data support a

differential modulation of biologically active sex steroid

levels according to the vessel type in the foeto-placental

unit, with apparent higher inactivation in the arterial

system.
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Introduction

The human placenta secretes large amounts of estrogens

[estrone (E1) and estradiol (E2)] [1, 2]. E2 is important for

the development and the maturation of several fetal organs

and systems such as the lung and the hypothalamo-hypo-

physeal-adrenal axis. In the human placenta, E2 synthesis

depends on dehydroepiandrosterone (DHEA) and its sul-

fate (DHEAS) from both fetal and maternal origin. The

sulfatase converts DHEAS to DHEA, which is then con-

verted into androstenedione by 3b-hydroxysteroid dehy-

drogenase type 1 (3bHSD). Androstenedione is aromatized

into E1 by cytochrome P450 aromatase, and E1 is finally

reduced into E2 by 17b-hydroxysteroid dehydrogenase

(17bHSD) type 1. The human placenta expresses mainly

two 17bHSD isoforms, namely, types 1 and 2. Type 1

exclusively reduces E1 into E2 [3, 4], whereas type 2 oxi-

dizes E2 and testosterone into E1 and androstenedione,

respectively, with similar affinity [5, 6], and catalyzes the

conversion of 20a-dihydroprogesterone to progesterone.

These two enzymes catalyze the last and only reversible

step in the reaction sequences leading to E2.
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In human placenta, 17bHSD1 is exclusively expressed

by syncytium of floating villi [4, 7, 8], whereas 17bHSD2

is only expressed by endothelial cells of fetal vessels [8–

10]. In term placenta and stem villi [11], some large vessels

strongly express 17bHSD2 mRNA and protein, while

others show a barely detectable signal [9, 10]. In contrast,

17bHSD2 protein is strongly and uniformly expressed in

the paravascular capillary network of the stem villi and in

the sinusoidal capillaries of terminal villi [10]. We previ-

ously showed using Northern blot that 17bHSD2 mRNA

level was higher in umbilical arteries than in vein [9]. In

addition, the signal in the total umbilical cord was weak in

comparison to the villi, suggesting the presence of an

expression gradient along the foeto-placental unit.

E2 has vasoprotective effects, including the regulation of

vascular tone, and acts on endothelial cells via estrogen

receptors alpha (ERa) and beta (ERb) [12]. For example,

estrogens induce the activation of endothelial nitric oxide

synthase, resulting in rapid vasodilatation [13–15], and

reduce the expression of endothelin-1 [16], a vasocon-

strictor peptide. Hervé et al. [17] showed that human

umbilical vein endothelial cells (HUVEC) express ERb
mRNA, but were unable to detect ERa mRNA. In HUVEC,

ERb, but not ERa, was detected by immunohistochemistry

[18], whereas others demonstrated that HUVEC expresses

both ERa and ERb mRNA [19] and protein [20].

Tschugguel et al. [21] showed that ERa and ERb mRNA

and protein are expressed in human umbilical artery

endothelial cells (HUAEC). To the best of our knowledge,

no study has yet compared mRNA and protein expression

levels of the two ER types in HUVEC and HUAEC. A

differential distribution of ER and 17bHSD2 expression in

endothelial cell types may be suggestive of a vessel type-

specific response to E2, since 17bHSD2 inactivates the

latter.

We tested the hypotheses that 17bHSD2 expression and

activity would be different between HUVEC and HUAEC

and that the activity would be higher in umbilical vessels

isolated near the placental insertion point than in distal

ones. We deemed that information to be relevant regarding

the regulation of active estrogen and androgen levels in the

placental unit in relation to the protection of the fetus and/

or the mother to excessive hormone exposure. We quan-

tified mRNA level and measured enzymatic activity of

17bHSD2 in HUAEC, HUVEC, human aortic endothelial

cells (HAEC), and in total term villi. 17bHSD2 activity

was also measured in umbilical artery and vein segments

isolated from different regions of the cord. HAEC were

included as a point of comparison for extra-placental

endothelial cells. To better understand the role of

17bHSD2 and to further investigate ER expression profiles

in endothelial cells of umbilical vessels, we quantified ERa
and ERb mRNA levels in HUAEC, HUVEC, HAEC, and

in term villi. 17bHSD2, ERa, and ERb were also studied

by Western blot analysis in HUAEC, HUVEC, and total

villi.

Materials and methods

Cell culture and human tissue collection

Primary cultures of HUAEC, HUVEC, and HAEC were

purchased from Clonetics (Basel, Switzerland, CC-2520,

CC-2517, and CC-2535, respectively). HUAEC and HU-

VEC were derived from umbilical cords of term pregnan-

cies. HUVEC were also isolated from three umbilical cords

at term [22]. Informed consents were obtained according to

the policies for the Human Studies and the Institutional

Review Board of the Centre Hospitalier Universitaire de

Québec (protocol 75-05-04). In brief, a canula was inserted

into the umbilical cord vein. The vein was washed with

phosphate-buffered saline (PBS) and then incubated with

collagenase type 1 (Sigma-Aldrich, St. Louis, MO, USA),

0.1% in 0.02 M HEPES buffer, for 10 min at 37�C. The

endothelial cell layer was detached using HEPES buffer

and centrifuged at 1009g for 7 min. Cells were grown in

gelatin-coated flasks according to Clonetics recommenda-

tions (endothelial cell EGM-2 medium, 2% FBS supple-

mented with VEGF, hFGF-B, R3-IGF-1, hEGF, ascorbic

acid, and gentamicin). The purity of HUVEC cultures was

confirmed visually. The latter method used leads to high-

purity endothelial cell cultures with, rarely, a very limited

contamination with smooth muscle cells. Such contami-

nation is easily noticeable since endothelial and fibroblastic

phenotypes are distinguishable visually. HUAEC and

HUVEC were included in experiments at comparable cell

passage number (5–10).

Steroid metabolism in whole cells

Cells (50000–100000) were incubated in 24-well plates

with 1 ml of medium containing tritiated testosterone

(2 9 106 dpm) (NEN Life Science Products, Boston, MA,

USA) for 24 h. Media were frozen until steroid extraction,

and 100 ll/well of methanol were added before DNA

quantification using 3,5-diaminobenzoic acid as described

[23, 24]. Steroids were extracted twice with 5 ml diethyl-

ether, evaporated, applied to silica gel-coated plates, and

resolved in toluene–acetone (4:1, v/v). Radioactive signals

were detected using a Storm apparatus (Molecular

Dynamics Inc, Sunnyvale, CA, USA), spots were scraped,

and dpm values were then determined by scintillation

counting (model LS3801, Beckman, Mississauga, ON,

Canada). The specific 17bHSD activity (in pmol/24 h) was

calculated from the specific radioactivity of testosterone
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and the percentage of substrate converted to androstene-

dione from the dpm values measured, and was normalized

per microgram of DNA.

17bHSD2 activity in sonicated cells

HUAEC, HUVEC, and HAEC (1 9 106) cells were

homogenized in 0.04 M potassium phosphate, disrupted in

a sonicator, and centrifuged at 10009g for 10 min. Assays

were run at pH 9.0 (0.08 M bicine) with 0.5 mM NAD and

1 lM of tritiated E2 or tritiated testosterone for 180 min.

17bHSD2 specific activity was measured as described [25].

Reaction mixtures were transferred to silica gel HL plates

and air-dried. Unlabeled E2 and E1 (or testosterone and

androstenedione) were added as carriers. The plates were

developed in benzene–acetone (4:1) and air-dried. Steroids

were located by a spraying of water, and the plates were

allowed to air-dry. Spots were scraped for scintillation

counting. The specific enzymatic activity (conversion of E2

to E1 or of testosterone to androstenedione) was calculated

from the specific radioactivity of the substrate and the

percentage of substrate converted to product from the dpm

values measured, and expressed in pmol/mg of protein/

30 min.

17bHSD2 activity in fresh tissues

Umbilical cords and placentas were collected at term

(n = 3). Pieces of 2 cm3 of term villi were collected;

decidua and membranes were removed. Cords were divi-

ded into three segments: proximal (placental side), central,

and distal (fetal side). The central part was discarded. Vein

and arteries from distal and proximal segments were dis-

sected free of connective tissue (*5 cm). Tissues were

washed in ice-cold PBS, homogenized in 0.25 M sucrose,

10 mM 2-mercaptoethanol, and 0.1 M bicine, pH 9.0, then

centrifuged at 15009g for 10 min. 17bHSD2 activity

assays were performed as described (see previous section

and [25]).

Quantitative real-time PCR

RNA extraction, cDNA synthesis, and real-time quantitative

PCR were performed as described [26]. For details on the

genes analyzed and on quantitative real-time PCR parame-

ters, see [26], except for ERa and ERb. Primers for ERa
(NM_000125): 50-AAGAGCTGCCAGGCCTGCC-30 and

50-TTGGCAGCTCTCATGTCTCC-30; amplicon length,

167 bp. Primers for ERb (NM_001437): 50-ACAAGGG

CATGGAACATCTGC-30 and 50-GGGTTCTGGGAGCC

CTCTTT-30; amplicon length, 171 bp. After enzyme acti-

vation (10 min, 95�C), 40 cycles were performed: 5 s,

denaturation 95�C; 5 s, annealing temperature (ERa: 69�C;

ERb: 66�C); 20 s, elongation 72�C; and 5 s, temperature of

fluorescence intensity reading (ERa: 83�C; ERb: 86�C).

Standard curves were prepared with PCR amplicons diluted

in water containing 0.19 reverse transcriptase buffer [27].

We assessed the expression stability of five housekeeping

genes (GAPDH, HPRT1, SDHA, TBP, and YWHAZ) using

the geNorm software [28]. Mean normalization factors were

calculated from the expression levels of SDHA, TBP, and

YWHAZ.

Western blot analysis

Microsomal and cytosolic protein fractions were isolated

from HUVEC and HUAEC cultures as described [9]. Cells

were homogenized in ice-cold buffer containing 40 mM

potassium phosphate (pH 7.0), 1.0 mM EDTA, and 20%

(v/v) glycerol. Samples were centrifuged at 10009g for

10 min and at 1050009g for 1 h. Supernatants were saved as

cytosol, and pellets as microsomes. Protein concentrations

were measured using the BCA Protein Assay Reagent

(Pierce Chemical, Thermo Fisher Scientific, Rockford, IL,

USA). The total term villi sample was prepared as described

[10]. 35 lg of microsomal extracts from HUVEC and

HUAEC and 15 lg of proteins from term villi were resolved

by SDS-PAGE and transferred to nitrocellulose membranes

(Bio-Rad, Mississauga, ON, Canada). Ponceau Red staining

was used to assess the efficiency of the protein transfer.

Membranes were blocked overnight at 4�C with 5% (w/v)

fat-free milk powder in PBS containing 0.05% (v/v) Tween

20. Immunoreactions were performed with an anti-ERa
(Santa Cruz Biotechnology, Santa Cruz, CA, USA), an anti-

ERb (ABR Bio Reagents, Thermo Fisher Scientific), or with

an anti-17bHSD2 antibody [10] (1:500, 1:500, and 1:1000,

respectively) for 2 h at room temperature. Bound antibodies

were visualized with horseradish peroxidase-conjugated

goat anti-rabbit antibodies using a Western Lightning kit

(Perkin Elmer, Waltham, MA, USA).

Statistical analysis

Statistics were performed using GraphPad Prism 3.0

(GraphPad Software, La Jolla, CA, USA). One-way

ANOVA followed by a Tukey’s test was used to compare

groups. A P-value B0.05 was considered as significant.

Results

17bHSD2 mRNA level in HUVEC, HUAEC, HAEC,

and term villi

17bHSD2 mRNA level was determined by real-time PCR

in endothelial cell cultures and human total term villi
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(Fig. 1). 17bHSD2 mRNA level in HUAEC was about

22-fold higher than in HUVEC, and about 2.5-fold higher

than in HAEC (P \ 0.01 for both). As expected, 17bHSD2

mRNA level was significantly higher in term villi than in

endothelial cell cultures (e.g., approximately 90-fold higher

than in HUAEC, P \ 0.0001).

17bHSD2 activity in HUVEC, HUAEC, and HAEC

17bHSD2 activity was measured in whole cells using tes-

tosterone (Fig. 2a) and in sonicated cells using E2 or tes-

tosterone as substrate (Fig. 2b, c). 17bHSD2 activity

measured in HUAEC was significantly higher than in

HUVEC (30.5-fold, P \ 0.001) or HAEC (2.5-fold,

P \ 0.001), while the activity in HAEC was also higher

than in HUVEC (12-fold; P \ 0.01). Similar results were

obtained in sonicated cells: 17bHSD2 activity was higher

in HUAEC than in HUVEC or HAEC (21.5-fold and

1.5-fold, respectively, using E2 as substrate, P \ 0.01;

18.5-fold and 1.9-fold, respectively, using testosterone as

substrate, P \ 0.001).

17bHSD2 activity in proximal and distal segments

of umbilical vessels, and in term villi

17bHSD2 activity was measured in freshly isolated arteries

and veins from proximal and distal segments of umbilical

cords, and in total term villi (Table 1). The terms ‘‘proxi-

mal’’ and ‘‘distal’’ refer to the placental side. For each

sample, conversion of testosterone to androstenedione and/

or of E2 to E1 was measured and normalized per microgram

of protein. In the umbilical cord, enzyme activity was

significantly higher in proximal or distal arteries than in the

proximal or distal vein (E2 to E1, P \ 0.01 for all; testos-

terone to androstenedione, P \ 0.01 for all). Furthermore,

17bHSD2 activity measured in umbilical arteries was sig-

nificantly higher in proximal segments than in distal seg-

ments (P \ 0.01). As expected, 17bHSD2 activity was

significantly higher in term villi than in other samples
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Fig. 1 17bHSD2 mRNA level in HUAEC, HUVEC, HAEC, and in

term villi (TV). 17bHSD2 mRNA levels were determined by real-

time PCR. 17bHSD2 expression levels were normalized by factors

generated from expression levels of a set of stable housekeeping

genes (SDHA, TBP, and YWHAZ), using the geNorm software (for

details, see ‘‘Materials and methods’’). Means ± SEM are presented.

One-way ANOVA followed by Tukey’s test were used to compare

17bHSD2 mRNA level in HUAEC to level present in TV (?: P \
0.0001), HUVEC (*: P < 0.01), and HAEC (#: P \ 0.01)
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Fig. 2 17bHSD2 enzymatic

activity in HUAEC, HUVEC,

and HAEC. a The enzymatic

activity in intact cells. Cells

were incubated with tritiated

testosterone (T) for 24 h.

Results are expressed by lg of

DNA. The values are the

mean ± SEM from triplicate

assays. b and c The enzymatic

17bHSD2 activity in sonicated

cells. Enzymatic activities were

assayed with estradiol (E2)

(b) or T (c) with NAD as

cofactor. One-way ANOVA

followed by Tukey’s test were

used to compare 17bHSD2

activity between HUAEC and

HUVEC (*: P \ 0.01), and

between HUAEC and HAEC

(#: P \ 0.01). E1 estrone;

A androstenedione
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(testosterone to androstenedione, P \ 0.01 for all). In

enzymatic assays, the observed E2/T activity ratios were

close to 1 with both arteries and vein (Table 1), which is

consistent with 17bHSD2-specific enzymatic activity.

Estrogen receptors a and b mRNA levels in HUVEC,

HUAEC, HAEC, and term villi

ERa (Fig. 3a) and ERb (Fig. 3b) mRNA levels were deter-

mined by real-time PCR in HUVEC, HUAEC, HAEC, and in

term villi. Distinct expression profiles of ER isoforms were

observed in cell cultures. ERa expression level showed no

difference between HUVEC and HUAEC, but was signifi-

cantly higher in HAEC than in HUVEC (P \ 0.05) and

HUAEC (P \ 0.01). ERb mRNA level in HUAEC and

HAEC was higher than in HUVEC (P \ 0.001), but no

difference was observed between HAEC and HUAEC. Both

ERb and ERa mRNA levels were significantly higher in term

villi than in endothelial cell cultures (P \ 0.001 for all).

17bHSD2, ERa, and ERb proteins in HUAEC,

HUVEC, and term villi

Western blot analysis was performed on microsomal protein

fractions of HUAEC and HUVEC, and in a total protein

extract from term villi using anti-17bHSD2, anti-ERa, and

anti-ERb antibodies. 17bHSD2 was easily detected in

HUAEC (Fig. 4a), but was barely detectable in HUVEC

(data not shown). A strong signal was detected in term villi

(Fig. 4a), as expected [10]. Indeed, 15 lg of total term villi

proteins showed an immunostained band of similar intensity

to that obtained with 35 lg of microsomal HUAEC proteins,

with 17bHSD2 being known to be enriched in the micro-

somal fraction [29]. A weak signal corresponding to ERa

(66 kDa) was detected in microsomal fractions of HUVEC

and HUAEC, and in total term villi (Fig. 4b). ERb was also

detected (56 kDa) in each sample (Fig. 4c). The intensity of

the ERb signal seems to be stronger in HUAEC microsomes

than in HUVEC microsomes. The cytosolic fractions from

HUAEC and HUVEC lacked immunostaining bands for ERa
and ERb (data not shown).

Discussion

In human term placenta, 17bHSD2 mRNA and protein

were localized exclusively in endothelial cells of fetal

vessels [8–10] and were detected either at very high levels

or at low or barely detectable levels in large blood vessels

Table 1 17bHSD2 enzymatic activity measured in freshly isolated

umbilical cord arteries and vein from different segments of the

umbilical cord (proximal or distal to the placenta) and in term villi

(n = 3)

17bHSD2 activity nmol/mg protein/30 min

E2 ? E1 T ? A E2/Ta

Distal vein 0.290 ± 0.004 0.281 ± 0.027 1.0

Proximal vein 0.284 ± 0.059 0.225 ± 0.052 1.3

Distal arteries 0.686 ± 0.004? 0.766 ± 0.019? 0.9

Proximal arteries 1.138 ± 0.091* 1.043 ± 0.021* 1.1

Term villi – 16.4 ± 0.01# –

a A E2/T ratio around one to three strongly suggests that 17bHSD2 is

the predominant enzyme involved, see [29]; ? Distal arteries versus

proximal arteries, distal vein, and proximal vein: P B 0.01; * Prox-

imal arteries versus distal vein and proximal vein: P B 0.01; # Term

villi versus all: P B 0.01. E2 estradiol; E1 estrone; T testosterone;

A androstenedione
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Fig. 3 ERa and ERb mRNA levels in HUAEC, HUVEC, HAEC, and

in term villi (TV). ERa (a) and ERb (b) mRNA levels were

determined by real-time PCR. Expression levels were normalized by

factors generated from expression levels of a set of stable house-

keeping genes (SDHA, TBP, and YWHAZ), using the geNorm

software (for details, see ‘‘Materials and methods’’). Means ± SEM

are presented. One-way ANOVA followed by Tukey’s test were used

to compare ERa or ERb mRNA levels between HUVEC, HUAEC,

HAEC, and TV. Significant differences were found for ERa between

HUVEC or HUAEC, and HAEC (d: P \ 0.05) and TV (*: P \ 0.01).

Significant differences were found for ERb between HUVEC and

HUAEC (#: P \ 0.01), HUVEC and HAEC (?: P \ 0.01), and TV

and cell cultures (*: P \ 0.001)
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of the stem villi [9, 10]. Although placental arteries were

identified as the major site of 17bHSD2 expression,

17bHSD2-negative and -positive vessels of either type

have been observed [9, 10]. The human placental micro-

vasculature is a complex network where differentiating

arterial and venous vessels can be a demanding task,

whereas the stem villi can be considered as trunks of the

villous trees [11] and are mainly localized near the inser-

tion point of the umbilical cord. This study compared the

expression and enzymatic activity of 17bHSD2 in primary

endothelial cell cultures isolated from umbilical arteries

with the values found in cells isolated from the vein. Total

term villi and HAEC were included as points of compari-

son. The enzymatic activity of 17bHSD2 was also mea-

sured in freshly isolated arteries and veins from proximal

and distal segments of the cord. We show that 17bHSD2

mRNA level and enzymatic activity are significantly higher

in HUAEC than in HUVEC. Accordingly, 17bHSD2 pro-

tein was detected in HUAEC microsomes by Western blot,

but was barely detectable in microsomal fractions from

HUVEC. In addition, higher 17bHSD2 activity was

observed in umbilical arteries than in the vein, and

likewise, in proximal relative to distal arterial segments.

These results indicate that in umbilical endothelial cells,

the expression and activity of 17bHSD2 should be regu-

lated as a function of the vessel type. In addition, these data

suggest that in larger vessels of the term placenta,

17bHSD2 expression is different between the arterial and

the venous systems, as we previously observed [9, 10].

Maternal blood levels of estrogens rise continuously

during all pregnancy. However, the level of E2 in the

umbilical vein does not increase in parallel with that in the

maternal vein, whereas the level of E1 in the umbilical vein

continues to increase during pregnancy. These asymmetric

releases of E2 and E1 in fetal and maternal circulation

strongly suggest a control of the amounts of E2 entering

into fetal circulation. In addition, E2 level is about 2-fold

higher in the umbilical vein than in umbilical arteries at

term (for details see [10] and references therein). In the

third trimester of pregnancy, E2 plays an important role in

the maturation of many fetal organs such as the lung, the

skin, and the hypothalamo-hypophyseal-adrenal axis [1,

30–33]. In addition, excessive exposure to estrogenic

compounds could have deleterious consequences on fetal

development [34–38]. Indeed, reproductive disorders in

both male and female have been associated with inappro-

priate exposure of the developing gonads to estrogens of

pharmacological (e.g., diethylstilbestrol) or environmental

(i.e., xenoestrogens) origin [39, 40]. Considering this

reality, the strong 17bHSD2 expression in the placental

endothelium where exchanges occur may protect fetal

organ systems against excessive E2 exposure [39, 40]. An

intriguing postulate is that 17bHSD2 expression might be

modulated as a function of gestational time or fetal needs.

Indeed, we previously showed that 17bHSD2 mRNA level

is higher in total villi samples from term placentas than

from mid-gestation placentas, and that 17bHSD2 in endo-

thelial cells of the villi might control the amount of active

and inactive estrogens in the fetal circulation [10]. In

addition, a higher abundance of 17bHSD2 in the endo-

thelium of umbilical arteries at term also suggests that this

enzyme could minimize the fetal contribution to the

maternal rise in E2 levels and also control the transfer of

fetal androgens into the maternal circulation therefore,

contributing to protect the maternal system against inap-

propriate androgenic effects [41, 42].

In homogenates of umbilical arteries and veins isolated

from different segments of the cord, 17bHSD2 activity was

significantly higher in arteries than in the vein, and sig-

nificant differences in activity were found along the

umbilical arteries. Indeed, 17bHSD2 activity was higher in

proximal than in distal arterial segments. We previously

demonstrated that 17bHSD2 mRNA and protein in human

term placenta are more abundant in the sinusoidal capil-

laries of the terminal villi and in the paravascular capillary

Fig. 4 17bHSD2, ERa, and ERb proteins in microsomal fractions of

HUAEC and HUVEC, and in total term villi. Representative Western

blot analyses of enriched microsomal protein fractions (35 lg) of

HUAEC and HUVEC and of total protein extract (15 lg) from term

villi are presented. 17bHSD2 is an endoplasmic reticulum-anchored

enzyme and is therefore enriched in microsomal fractions. Expected

bands of *42 kDa were detected in HUAEC and in term villi using

the anti-17bHSD2 antibody (a). Only a faint signal was observed in

HUVEC even after overexposing the membrane (data not shown).

Anti-ERa (b) and anti-ERb (c) revealed the presence of specific bands

at *66 and *56 kDa, respectively, in HUAEC, HUVEC, and in term

villi. Please note that separate blots were used for each antibody, and

all examined samples were loaded on each blot. Images were cropped

to save space
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network than in large vessels of the stem villi [10]. The

present evidence that 17bHSD2 activity in umbilical

arteries is higher close to the placenta than to the fetus

points to a gradient of 17bHSD2 expression along umbil-

ical arteries, with higher level within the placenta, where

exchanges occur. Although no such gradient was observed

in umbilical vein segments, there is nevertheless a huge

difference in 17bHSD2 expression levels between the cord

and the placental villi.

In endothelial cells, E2 modulates the expression of

genes involved in the control of vascular tone and causes a

short-term vasodilatation by a non-genomic process, thus

playing an important role in the modulation of blood flow.

Reports on the expression of ERa and ERb in umbilical

endothelial cells are controversial [17–21]. In this study,

both ERa and ERb mRNAs were detected in HUAEC,

HUVEC, HAEC, and in placental villi. No difference was

noted for the expression of ERa between HUVEC and

HUAEC. However, ERb was expressed at lower level in

HUVEC than in HUAEC or HAEC. Accordingly, ERa and

ERb protein were detected by Western blot in microsomal

protein fractions of HUAEC and HUVEC, with a stronger

ERb signal in HUAEC than in HUVEC. Cytosolic frac-

tions from HUAEC and HUVEC lacked immunostaining

bands for ERa and ERb (data not shown). This result is

consistent with a report by Tschuggel et al. [21]. Positive

expression of ERa and ERb was also found in term villi,

which contain several cell types, including endothelial

cells, trophoblastic cells, and macrophages. Although only

few studies have examined the expression of ERa and ERb
in human placenta [43, 44], both receptors have been

localized in trophoblastic cells, while vascular pericytes

and endothelial cells express ERa and ERb, respectively

[43].

One role for 17bHSD2 might be to modulate ER-med-

iated processes in endothelial cells (e.g., the vascular tone).

The complex distribution of estrogen receptors and

17bHSD2 among the sub-populations of endothelial cells

suggests that the endothelial cell response to E2 may differ

according to vessel type or size. Of note, the E2 levels the

cells are exposed to also differ between vessel types.

Interestingly, 17bHSD2 mRNA and activity were detected

in the aortic endothelium (HAEC), suggesting that

17bHSD2 could modulate estrogenic action in this tissue as

it may be the case in endothelial cells of the cord, which is

in line with the hypothesis that 17bHSD2 might participate

in the modulation of vascular tone in the umbilical cord.

In conclusion, this study shows that 17bHSD2 expres-

sion differs between endothelial cells isolated from

umbilical arteries and those isolated from the umbilical

vein, and supports our previous observations on larger

vessels of the human term placenta. This study combines

measurements of the enzyme converting E2 to E1 and of

estrogen receptors expression in endothelial cells of the

umbilical vessels. We can speculate that, in addition to a

role in inactivating circulating sex steroids, 17bHSD2

could differentially modulate responses to estrogens and

androgens in endothelial cells according to the vessel type.

Further studies are needed to clarify the possible implica-

tion of 17bHSD2 in the regulation of ER occupancy in

endothelial cells.
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