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Monoaminee clearance is a combined function of uptake mechanisms in the 
plasmaplasma membrane with intracellular  metabolizing enzymes. Two different uptake mech-
anismss have been described. Uptake, is located in presynaptic neurons, whereas uptake2 

iss extraneuronal. Recently, the Slc22a3/Orct3 gene was identified as the extraneuronal 
monoaminee transporter. In mouse embryonic development Orct3 expression is restrict-
edd to the placenta, which is also a site of expression of neuronal transporters. We have 
usedd RNA blots and in situ hybridizatio n to examine the expression of Orct3 and other 
memberss of the monoamine uptake and metabolizing pathways in mouse placenta. The 
resultss show that Orct3 expression overlaps that of the monoamine metabolizing enzyme 
MaoaMaoa in the labyrint h layer  of the placenta with an expression pattern distinct from that 
off  the neuronal transporters Slc6a2/Net and Slc6a4/Sert. 

Keywords:: placenta, catecholamine clearance, Orct3, Slc22a3, EMT, mouse, organic cation 
transporter,, extraneuronal monoamine transporter, uptake2, Net, Serf, Maoa 
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Chapterr 4 

Result s s 

Recently,, the Slc22a5 (Orct3/Oct3/EMT) gene has been identified in mouse, rat, 
andd man (1-3). Both rat and human 0rct3 have the capacity to transport monoamines in vitro 
(3,4).. Based on kinetic parameters, inhibitor profile, and expression pattern, it was proposed 
thatt Orct3 is the extraneuronal monoamine transport system known as uptake2, that is 
involvedd in inactivating monoamines (3,5). Northern blot analysis has shown that Orcti is 
expressedd abundantly and uniquely in placenta during mouse embryonic development (1,2). 

RNAA  in situ hybridization shows expression of Orcti in a subset of cells in placen-
taa at day 12.5 of development (Fig. 1A,B). Hybridization of adjacent sections shows that the 
OrctiOrcti expression pattern resembled that off  the labyrinth trophoblast marker Tfeb (Fig. ID and 
(6))) but not that of Mash2 (Fig. 1C), which is expressed in the spongiotrophoblast (7). Thus, 
OrctiOrcti expression is restricted to the labyrinth layer, where trophoblast cells are in contact with 
bothh the maternal and the fetal circulation to allow an exchange of nutrients, gases, and waste 
products. . 

Monoaminee clearance by the placenta from both the maternal and the fetal circula-
tionn has been described (reviewed in (8,9)). Northern blot analysis of human placenta has also 
shownn the expression of the neuronal transporters NET (noradrenaline transporter) and SERT 
(serotoninn transported 10-12). In addition, biochemical and immunohistochemical studies 
havee shown that the intracellular enzymes, catechol-O-methyltransferase (COMT) and 

Mash2Mash2 . , ^/-, - Tfeb 

Figuree 1 Orcti is expressed in the labyrinth layer. 
RNAA  in situ hybridization of 12.5 dpc mouse placenta. A HE staining on paraffin section. B Orcti expres-
sionn in the labyrinth layer. C Spongiotrophoblast expression of Mash2. D Expression of labyrinth tro-
phoblastt specific marker Tfeb. Dpc, days post coitum, HE, hematoxylin/eosin. D, decidual layer. G, giant 
celll  layer. S, spongiotrophoblast layer. L, labyrinth layer. Scale bar, 0.1 mm. 
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Figuree 2 Placental expression of monoamine transporters and metabolizing enzymes. 
Northernn blot analysis of 12.5, 15.5, 17.5, and 18.5 dpc placenta RNA with probes for the monoamine 
transporterss Orcti, Net, Serf, and the monoamine metabolizing enzymes Maoa and Comt. Plasminogen 
activatorr inhibitor type I (Pail) served as a loading control. Sizes of detected mRNAs are indicated. 
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Figuree 3 Differential expression of the extraneuronal and neuronal monoamine transporters, but co-loca-
lizationn of Orcti and Maoa. 
RNAA  in situ hybridizations of (A,E) Net, (B,F) Sert, (C,G) Orcti, and (D,H) Maoa on 12.5 (A-D) and 
17.55 (E-H) dpc placentas. Scale bar, 0.1 mm. 
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monoaminee oxidase A (MAOA), that inactivate monoamines after transport across the cell 
membrane,, are also present in the human placenta (5,13-15). However, with the exception of 
MAOA,, the cell types in the human placenta that express these transporters and metabolizing 
enzymess have not been identified. To gain more insight into the process of monoamine clear-
ancee in the mouse placenta, the expression of monoamine transporters and metabolizing 
enzymess was studied by Northern blot and in situ hybridization. 

Northernn blot analysis shows that besides Orct3, the specific transporters for nora-
drenalinee (Net) and serotonin (Sert) are expressed in mouse placenta (Fig. 2). A decline in the 
expressionn of Orct3 was seen towards the end of gestation (Fig. 2 and (1)). The expression of 
NetNet also showed a slight decrease in later stages in contrast to the expression of Sert that 
showss a large increase at day 18.5. Finally, no expression of the dopamine transporter 
(Slc6a3/Dat,(Slc6a3/Dat, data not shown) could be detected. Of the metabolizing enzymes, Maoa expres-
sionn showed a decline with developmental age that was very similar to that of Orct3, where-
ass Comt levels were not developmentally regulated. These results show that both uptake, and 
uptake22 components as well as the metabolizing enzymes are present and developmentally 
regulatedd in the mouse placenta. 

Too determine the cellular expression pattern of these monoamine clearance compo-
nentss in placenta, RNA in situ hybridization was performed at two developmental stages. At 
dayy 12.5 of gestation, the neuronal transporter Net was expressed primarily in the endothelial 
cellss surrounding the maternal blood sinuses in the decidua basalis. Lower levels were detec-
tedd in trophoblast giant cells and in large rounded cells in the labyrinth layer (Fig 3A). At day 
17.5,, Net expression is no longer detected in the giant cells and in the labyrinth layer, but 
expressionn in the decidual endothelial cells remains high (Fig 3E). In contrast to Net, Sert 
expressionn was seen in a small number of solitary cells in the labyrinth at day 12.5 of devel-
opmentt (Fig. 3B). The increase of Sert expression during late gestation is the result of an 
inductionn in the spongiotrophoblast layer (Fig. 3F). Comparison of 12.5 and 17.5 dpc pla-
centall  sections shows that Orct3 is expressed in a reduced number of cells in the labyrinth 
layerr at later gestation (Fig. 3C,G). These results show that the monoamine transporters Net, 
Sert,Sert, and Orct3 are located in different compartments in the mouse placenta. Furthermore, the 
inin situ data provide support for the functional activities described for NET and SERT at the 
maternall  side of the human placenta based on brush border vesicles (11,16,17). For the meta-
bolizingg enzyme Comt, sensitivity fell below detection levels in placenta (data not shown). 
MaoaMaoa expression was detected in the labyrinth layer at day 12.5 in a pattern that overlapped 
thatt of Orct3 (Fig. 3C,D), but was reduced below detection levels at 17.5 dpc (Fig. 3H). 

Thesee results show that monoamine uptake and metabolizing pathways are present 
inn the mouse placenta. The uptake, transporter Net is expressed primarily in endothelial cells 
surroundingg the maternal blood sinuses in the decidua basalis. The expression of the uptake2 

extraneuronall  monoamine transporter Orct3 co-localizes with the monoamine metabolizing 
enzymee Maoa in the labyrinth layer, where trophoblast cells mediate transport from both the 
maternall  and fetal circulation. The co-localization of Orct3 and Maoa and their synchronous 
developmentall  regulation indicates the presence of a monoamine clearance pathway in mouse 
placenta.. Mice, in which Orct3 is inactivated by homologous recombination, wil l provide an 
inin vivo model to test the role of Orct3 in placental monoamine transport. 

Material ss  and Method s 
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RNARNA in situ hybridization 
Dioxigenin-labeledd probes were generated from the following cDNA fragments: 

mOrctimOrcti from 2766 to 3499 (Accession No. AF078750); mMash2 complete cDNA from 1 to 
15944 (Accession No. AF139595); mTfeb from 868 to 1532 (Accession No AF079095); mNet 
fromfrom 1272 to 1725 (Accession No. U76306); mSert from 1874 to 2465 (Accession No. 
AFO13604);; mDat from 2753 to 3287 (Accession No. AF 109072); mouse Maoa from 
nucleotidee 1502 to 2093 on the rat sequence (Accession No. D00688); mComt from 723 to 
11977 and from 178 to 802 (Accession No. AF076156). RNA in situ hybridization was per-
formedd on 20 (im cryosections of day 12.5 and 17.5 pc mouse placentas as previously 
describedd (18). 

NorthernNorthern blotting 
RNAA was isolated by lithium chloride extraction (19), and analyzed on formalde-

hyde-agarosee gels. Hybridizations were performed as described (20). Fragments described 
abovee were used as probes. The mouse Pail gene (Accession No. M33960) was used as a 
loadingg control. 
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