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Structural patterning and functional programming of uterine tissues are
mechanistically coupled. These processes ensure anteroposterior
differentiation of uterine tissues from adjacent segments of the developing
female reproductive tract (FRT) and radial patterning that establishes
uterine-specific histoarchitecture and functionality. Uterine organogenesis
begins prenatally and is completed postnatally. Genes required for FRT
development include Pax2, Lim?1 and Emx2, genes in the abdominal-B
Hoxa cluster, and members of both Wnt and Hedgehog (Hh) gene families.
Disruption of morphoregulatory gene expression patterns can prevent
FRT development entirely or compromise uterine organogenesis
specifically. Oestrogen receptor-o (ER) -dependent events associated with
development of the neonatal porcine uterus can be altered by
administration of oestrogen (E) or relaxin (RLX). Expression of the RLX
receptor is detectable in porcine endometrium at birth, before onset of
ER expression and uterine gland genesis. Uterotrophic effects of both E
and RLX can be inhibited with the ER antagonist ICI 182,780, indicating
that RLX may act via crosstalk with the ER system in neonatal tissues.
Exposure of neonatal gilts to E alters temporospatial patterns of Hh, Wnt
and Hoxa expression in the uterine wall. QOestrogen given for two weeks
from birth produced hypoplastic adult porcine uteri that were less
responsive to periattachment conceptus signals as reflected by reduced
growth response and luminal fluid protein accumulation, altered
endometrial gene expression, and reduced capacity for conceptus support.
Datareinforce the concept that factors affecting signalling events in uterine
tissues that produce changes in morphoregulatory gene expression
patterns during critical organisational periods can alter the developmental
trajectory of the uterus with lasting consequences. Thus, uterine tissues
can be programmed epigenetically for success or failure during perinatal
life.

Introduction

The uterus is a mesodermaliy derived specialisation of the Mitlerian ducts. In mammals, in-
cluding the pig (Sus scrofa), these paired tubular structures arise from invaginations of coelomic
epithelium on the lateral aspects of the urogenital ridges, grow caudally and begin to fuse
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(Barto!, 1999). The degree of fusion can be complete, partial or incomplete and defines gross
morphological characteristics (simplex, bicornuate or duplex phenotypes) of adult uteri. Antero-
posterior patterning of the Miillerian ducts results in their segmentation into structurally and func-
tionally unique parts of the female reproductive tract (FRT) including the oviducts, uterus, cervix
and anterior vagina. Radial patterning begins prenatally, is completed postnatally and establishes
the principal histological elements of the uterine wall including the endometrium, myometrium,
and perimetrium (Bartol et al., 1993; Bartol 1999; Gray et al., 2001a). Ulerine functions in mam-
mals include: (1) transport, storage and maturation of spermatozoa; (2} embryo spacing, recogni-
tion, reception and support; and (3) foetal and placental expulsion during parturition. Additionally,
endometrial prostaglandin production is required for luteolysis in many animals, including the pig
{Bartol, 1999).

Uterine abnormalities and dysfunction can compromise fertility, increase embryonic mortality,
contribute 1o intrauterine growth retardation and associated complications and potentiate dysplasia
and disease (Bartol et al., 1999; Gray et al., 2000b; Gray et al., 2001b; Kitajewski and Sassoon,
2000; Ashworth et al., 2001; Greenwood and Bell, 2003; Hales and Ozanne, 2003; Kobayashi and
Behringer, 2003; Tarleton et al., 2003b). The aetiologies of such problems are complex. How-
ever, it is clear that the integrity, stability and functionality of adult uterine tissues are defined, to
a significant extent, by the course of events associated with development of uterine tissues during
perinatal life (Bartol et al., 1999; Kobayashi and Behringer, 2003).

Morphogenesis (structural patterning) and cytodifferentiation (functional programming) are coupled
processes. For epithelial-mesenchymal organs including the uterus, these processes involve the
progressive generation of increasingly complex and specific cellular relationships and interactions
(Bartol et al., 1993; Bartol et al., 1999; Kitajewski and Sassoon, 2000; Gray et al., 2001b; Kobayashi
and Behringer, 2003). These interactions are accompanied by and drive the evolution of
organisationally critical, temporally and spatially unique morphoregulatory gene expression do-
mains that direct and specify cell fate, define patterns of development, and determine cell and
tissue identity. Genes most centrally involved in tissue patterning and cell fate specification
include those that encode transcription factors and signalling ligands, their receptors and down-
stream elements of signalling pathways (Davidson, 2001; Hu et al., 2004). Here, elements of the
primary organisational palette of factors governing uterine organisation will be described and the
consequences of disruption of critical organisational mechanisms governing uterine development
and endometrial programming will be discussed, with emphasis given to recent observations
involving the pig.

Genesis of the female reproductive tract

Efforts to identify genes and gene networks required for development of the mammalian FRT have
been aided by advances in molecular profiling techniques, the power of murine genetics and
inferences drawn from murine phenotypes produced through targeted mutagenesis. From such
studies it is clear that expression of genes encoding the transcription factors Pax2, Lim1 and Emx2,
as well as Wnt4, a secreted morphoregulatory glycoprotein, is required for FRT formation (Kobayashi
and Behringer, 2003). The fact that mice with compound mutations for retinoic acid receptor
(RAR) genes can lack either all or caudal portions of the FRT (Mendelsohn et al., 1994; Kastner et
al., 1997) indicates that complex RAR signalling is also required for the formation of these tissues.

Genes governing FRT development

Pax2-null murine females lack kidneys and reproductive tracts, owing to Millerian duct degen-
eration during embryogenesis. Normally, Lim1 is expressed in Miillerian epithelium, the meso-
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