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Abstract

Steroidogenesis inthe placenta has been studied widely, but little is known about steroid metabolism in ectopic pregnancy. Previous studies
have indicated that trophoblast invasion and placentation in the uterus and the fallopian tube may be controlled by similar mechanisms. As
far as 1 B-estradiol (i) production is concerned, it has been well demonstrated that its biosynthesis in the placenta involves the action of
P450 aromatase (P450arom) ang@dv/droxysteroid dehydrogenase type 1 (17HSD1). The purpose of this study was to characterize the
expression pattern of P450arom and 17HSD1 at the fetal-maternal interface, particularly in various trophoblast cells, in tubal pregnancy.
Using in situ hybridization, P450arom mRNA was localized in syncytiotrophoblast (ST) cells, which are mainly responsible for hormone
production during pregnancy, whereas no signal was detected in villous cytotrophoblast (VCT), column CT and extravillous CT (EVCT)
cells. Immunohistochemical assays revealed that 17HSD1 is presentin ST cells, a large portion of EVCT cells and 20% of column CT cells.
On the other hand, no expression of 17HSD1 was detected in VCT cells. In addition, 17HSD1 was found in epithelial cells of the fallopian
tube. Interestingly, the expression level of 17HSDL1 in fallopian tube epithelium during tubal pregnancy was significantly higher than that
during normal cycle. Our data provide the first evidence that normal and tubal pregnancies possess identical expression of P450arom and
17HSD1 in ST cells and therefore, similag groduction in the placenta. Further, the association of 177HSD1 with EVCT cells indicates
that 17HSD1 perhaps play a role in trophoblast invasion. Finally, increased expression of 17HSD1 in epithelial cells of fallopian tube may
lead to a local Esupply sufficient for the maintenance of tubal pregnancy.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction the floating villi (FV), which are responsible for hormone
production and fetal-maternal material exchange. In early
The human placenta is a unique organ for the maintenanceplacenta, FV are composed of fibrovascular stroma coated
of pregnancy. Its important functions include hormone sup- by double-layered trophoblast epithelium. The inner layer
ply for the maternal body and fetal development. In addition is constructed of villous cytotrophoblast (VCT) cells, while
to the synthesis of placenta-specific hormones, such as huthe outer layer consists of syncytiotrophoblast (ST) cells, the

man chorionic gonadotropin and placental lactod®], multinucleated giant cells that are differentiated from VCT
the placenta plays a critical role in producing progesterone cells.
and estrogens throughout gestat[8h In the human, pla- During early nidation, extravillous CT (EVCT) cells

cental trophoblasts undergo differentiation towards either originating from the CT columns invade into the maternal
the villous or the extravillous trophoblast pathway at the uterine wall and anchor the FV to the uterigs-7]. Dur-
initiation of implantation[4,5]. Villous trophoblasts cover  ing the 3rd postmenstrual week, anchoring villi (AV) arise
from the CT columns, with their tips formed of CT solid
"+ Corresponding author. Tek+86-10-62631832; columns[6]. The AV not only 1_‘ix thg placentg to the uterus,
fax: +86-10-62529248. but also supply for the proliferation of migratory EVCT
E-mail address: piaoys@panda.ioz.ac.cn (Y.-S. Piao). cells that colonize the maternal interstitium and arteries

0960-0760/$ — see front matter © 2003 Elsevier Ltd. All rights reserved.
doi:10.1016/j.jsbmb.2003.09.013



242 Y. Li et al./Journal of Steroid Biochemistry & Molecular Biology 87 (2003) 241-246

during the first 18 weeks of pregnanf8,9]. Accordingly, K and tRNA were purchased from Boehringer Mannheim
the establishment of AV and their consequent invasion into (Mannheim, Germany). Paraformaldehyde (PFA) and
the uterus are essential for implantation and placentation,bovine serum albumin (BSA) were from Sigma Chemical
and therefore significantly contribute to the progression of Co. (St. Louis, MO, USA). Rabbit polyclonal antibody
pregnancy. against cytokeratin was provided by ZYMED (San Fran-
In the placenta, ST cells of FV are mainly accountable for cisco, CA, USA). Rabbit antiserum against 17HSD type 1
the production of steroid hormones, such as progesteronehas been described in our previous studies20]
and estrogens. The biosynthesis of estrogens in human pla-
centa involves the action of P450 aromatase (P450arom)2.2. Tissue specimens
and 1PB-hydroxysteroid dehydrogenase type 1 (17HSD1).
P450arom catalyzes the aromatization of androgens to Twenty-three tissue specimens (within 10 weeks of gesta-
estrogens, for example, androstenedione (A-dione) to es-tion) of the fetal—fallopian tube compartment were obtained
trone (k) and testosterone to B7estradiol (B), whereas from tubally pregnant women scheduled for surgery at Oulu
17HSD1 mainly governs the reduction of o E. Since University Hospital (Oulu, Finland). The definition of tubal
the biological potency of £ is approximately 100-fold  pregnancy was based on ultrasonic and pathological exami-
compared to that of £ the physiologically active molecule nations. These samples had histologically normal placental
of estrogens is hence10]. Both P450arom and 17HSD1  tissues and fetal-maternal interface. Samples of human fal-
are abundantly expressed in ST c4llg], in line with the lopian tube tissue of the mid-proliferative phase< 3) and
role of ST cells in endocrine function. Cytosolic 177HSD1 the mid-secretory phase (= 4) were collected from nor-
has been found in the nuclei of §11,12), implying that mally cycling women (age: 30—40 years) who had undergone
it may also play a role in intranuclear conversion of E hysterectomy because of uterine myoma at Peking Union
to E;. Our previous studies have revealed that 17HSD1 Hospital (Beijing, China). All the specimens were collected
expression in placental cells is coordinated by a proximal according to the basic principles of Helsinki declaration. The
promoter, a silencer and a cell-specific enhancer at theproject was approved by local ethical committees.

5'-flanking region of the gene encoding 17HS[B-15] The tissue specimens were washed twice with phosphate-
Also, it has been shown that CT cells freshly isolated buffered saline (PBS) and fixed in 4% PFA at@
from full-term placenta contain 17HSD[L6]. In addi- overnight. The samples were then dehydrated in xylene

tion, 17HSD1 was immunolocalized in invasive CT cells and then ethanol, and embedded in paraffin (solidification
of full-term placenta[17]. Our recent study demonstrated point: 51-53C). Six uM sections were cut and collected
that cultured CT cells purified from first-trimester placenta on Super Frost glass slides (Menzel-Glaser, Germany).
express both P450arom and 17HSD1 and are capable ofror pathological diagnosis, the sections were stained with
converting dehydroepiandrosterone and A-dione4¢1B]. hematoxylin and eosin after dewaxation with xylene.
However, it is not clear whether these two steroidogenic

enzymes are present in various CT cells of early placenta2.3. In situ hybridization

in vivo.

Steroidogenesis in the placenta has been studied for A 444-bp cDNA fragment of human P450arom (nt
several decades, but attention has mostly been paid to in-166—-609) was amplified by reverse transcription polymerase
trauterine pregnancy. So far, little is known about whether chain reaction (RT-PCR) from total RNA of human placenta.
ectopic pregnancy, for example tubal pregnancy, involves The primers used were -BATACCAGGTCCTGGCTA-
normal placenta-like mechanisms controlling the biosynthe- CTG-3 (sense) and’sGGTGTCCAGCATG-3 (antisense).
sis of steroid hormones. In the present study, the expressionThe amplified fragment was constructed into pPGEM-T Easy
of P450arom and 17HSD1 in placental trophoblasts during Vector (Promega) and verified by sequencing. Sense and an-
tubal pregnancy has been investigated for the first time. In tisense §-3°S]CTP-labeled cRNA probes were transcribed
addition, the existence of 17HSD1 in the fallopian tube was with T7 or SP6 RNA polymerase. The in situ hybridization
examined. was performed as previously descrijed,22].

2.4. Immunohistochemistry
2. Materials and methods
Paraffin sections were deparaffinized with xylene and re-
2.1. Chemicals and reagents hydrated in a descending ethanol series. Then they were re-
trieved in 10 mM citrate buffer (pH 6.0) at 9& for 15 min.

The isotope §-3°S]JCTP (1300 Ci/mmol) was obtained To eliminate endogenous peroxidase activity, the samples
from DuPoint—-New England Nuclear (Boston, MA, USA). were treated with 1% hydrogen peroxide for 15 min. After
T7 and SP6 RNA polymerases, AMV reverse transcriptase, being washed three times with 50 mM Tris—hydrochloride
Tag DNA polymerase, RNasin and restriction enzymes were buffer (TBS), the sections were incubated with anti-
products of Promega Co. (Madison, WI, USA). Proteinase serum against 17HSD type 1 (1:200) or antibody against
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cytokeratin (1:600) at 4C overnight. The subsequent pro-
cedures were carried out by using the DAKO ENVISION
system (DAKO Co., Carpinteria, CA, USA) according to the

243

(Fig. 2C and D. Similar localization of 17HSD1 was also
found in a large portion of EVCT cells, which had invaded
into the fallopian tube interstitiumFg. 2F. Further, im-

instructions provided by the manufacturer. Counterstaining munostaining of cytokeratin, a marker for epithelial cells,

with hematoxylin was performed before mounting the
slides.

3. Results

3.1. Expression of P450arom mRNA in trophoblast cells
during tubal pregnancy

In situ hybridization demonstrated that P450arom mRNA
is expressed in the ST cells of all FV. In contrast, the signal
was not detected in any kind of CT cells, including VCT,
column CT, and EVCT cellsHig. 1).

3.2. Expression of 17HSD1 in trophoblast cells during
tubal pregnancy

Immunohistochemical analysis showed 17HSD1 to be
present in the cytoplasm and nuclei of the ST cells of FV

confirmed the identity of EVCT cellsHg. 2E). On the
other hand, no signal of 17HSD1 was observed in VCT
cells (Fig. 20. Seventy columns were analyzed and 80%
of them did not express 17HSDEig. 2D).

3.3. Expression of 17HSD1 in the fallopian tube

Immunostaining was performed to examine 17HSD1
expression in the fallopian tube. Faint signal of 17HSD1
could be detected in the epithelial cells of the fimbriae
at the mid-proliferative and mid-secretory stagegy( 3B
and Q. Interestingly, increased expression of 17HSD1 in
fallopian tube epithelium was found during tubal preg-
nancy. An expression level clearly higher than that ob-
served in normally cycling women was seen in four out of
23 tubal pregnancy specimenBid. 3D), while high ex-
pression was seen in six specimef#y( 3E), and strong
expression was observed in the remaining 13 specimens

(Fig. 3P.

Fig. 1. Expression of P450arom mRNA at the fetal-maternal interface during tubal pregnancy was analyzed by in situ hybridization. (A) Negaltive contr
using a sense probe. (B and C) Detection of P450arom mRNA in ST, VCT, column CT and EVCT cells using an antisense probe. The column is
represented by c (in C), and the magnification is 2Q8cale bar shown im = 100m).
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Fig. 2. Expression of 17HSD1 protein at the fetal-maternal interface during tubal pregnancy was analyzed by immunohistochemistry. (A) Negative
control. (B) Positive control using human full-term placenta. (C and D) Detection of 17HSD1 in ST, VCT and column CT cells. (E) Immunostaining of
cytokeratin in EVCT cells. F. Detection of 17HSD1 in EVCT cells. The column and maternal tissue are represented by c (in D) and m (in E and F),
respectively. The magnification is 4R0

Fig. 3. Immunolocalization of 17HSD1 in the fimbriae of the fallopian tube. (A) Negative control. (B) Detection of 17HSD1 during mid-proliferative
phase. (C) Detection of 17HSD1 during mid-secretory phase. (D-F) Detection of 17HSD1 during tubal pregnancy. Epithelial and stromal cells are
indicated with e and s, respectively. The magnification is>400

4. Discussion [24]. Thus, tubal pregnancy provides a unique model for
studying the function of trophoblast cells during early ges-

Ectopic implantation of the embryo in the fallopian tube tation. The advantage of using this model is that early pla-

results in tubal pregnancy. It has been pointed out that tro- centa samples with fetal-maternal interface can be used and

phoblast cells in tubal pregnancy appear morphologically various types of CT cells can thus be easily obtained.

and physiologically similar to those found at normal in- Chorionic villi are functional units of the placenta and

trauterine implantation sitg23]. Also, the placentation oc-  contribute the dominant major parts of F&]. In the present

curring in the fallopian tube is identical to that in the uterus study, P450arom and 17HSD1 were exclusively identified in
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the ST cells of FV during tubal pregnancy. The data are in An interesting finding in the present study was that a sig-
agreement with earlier findings showing that P450arom and nificantly increased amount of 17HSD1 was detected in the
17HSD1 are present in ST ce[lk1,17], which further sup- epithelial cells of the fimbriae during tubal pregnancy com-
ports the assumption that ST cells are the main cell type for pared to normal fallopian tube specimens, which may result
placental steroid hormone biosynthesis. On the other hand,in a sufficient local i supply for the maintenance of tubal
our results indicate that the occurrence of tubal pregnancy pregnancy.
is unlikely to affect the production of estrogens in the pla-
centa. Moreover, it can be suggested that the intrauterine
environment may not be essential for the biosynthesis,of E Acknowledgements
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