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In swine and other livestock, the uterine endometrium exhibits dramatic
morphological and secretory changes throughout the oestrous cycle and
during pregnancy. Such physiclogical changes are a reflection of
extremely complex interactions between gene products (RNA and
protein). The recent development of genomics and proteomics methods,
as well as associated bioinformatics tools, has provided the means to
begin characterising such interactions. Indeed, the analysis of the
transcriptome and proteome of cells and tissues now comprises a new
field of study known as ‘systems biology’. Currently, the most powerful
technique available to the systems biologist is the microarray. These
platforms represent oligonucleotide or cDNA fragments spotted in a
specified high-density pattern on a solid support. Hybridisation of
fluorescently-tagged cDNAs from different tissue sources permits the
measurement of thousands of RNAs in parallel. The method permits the
identification of genes that are present at different amounts between the
two tissues and, more importantly, it permits the identification of groups
of genes (clusters) that are expressed in comparable patterns. Results
from a recent expression profiling experiment are described. The goal of
the profiling experiment was to define genes that are differentially
expressed in endometrium during the oestrous cycle. The experiment
used an in-house cDNA microarray with > 14,000 distinct cDNAs cloned
from reproductive tissues. Total RNAs from cyclic endometrium (Days
0, 3, 6, 10, 12, 14 and 18 post-oestrus) were reverse transcribed into
cDNAs, labelted with fluorescent dye and hybridised to the arrays along
with cDNAs derived from a reference RNA pool. A total of 4,827 genes
were found to differ significantly at some time during the cestrous cycle.
Clustering methods were able to define numerous groups of similarly
expressed genes. These data will help to define the complex patterns of
endometrial genes acting in concert to create the environments required
for fertilisation, embryo growth and conceptus development in swine.
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Introduction

The uterine endometrium has long fascinated researchers because of the pronounced changes
in morphology and secretory capacity that it undergoes during the oestrous cycle, pregnancy
and in response to experimental hormone treatments (Basha et al., 1979; Bazer and Roberts,
1983; Croy et al., 1988; Fazleabas et al., 1982; Trout et al., 1992; Yu et al., 1993). During the
first three weeks of pregnancy in livestock species, the endometrium nourishes the developing
embryo and, during the ‘window of implantation’, provides an altered uterine epithelium con-
ducive to the attachment and continued growth of the conceptus (Bazer and Roberts, 1983;
Burghardt et al., 2002; Geisert et al., 1982; Gray et al., 2002; Macintyre et al., 2002). It is also
known that the endometrium secretes factors that can regulate conceptus development and
gene expression {Ezashi and Roberts, 2004; Imakawa et al., 1997). The coordination of these
developmental events is due to the integration of endocrine, paracrine and autocrine signals
from the ovary, conceptus and the uterus itself. Together, they reflect tightly regulated changes
within the uterine transcriptome (Roberts et al., 1993; Robinson et al., 1999; Spencer and
Bazer, 1995; Spencer et al., 2004},

Many published reports have described expression patterns of specific genes during the
oestrous cycle and pregnancy in the porcine uterus. From these efforts, a myriad of differen-
tially transcribed RNAs have been identified. Examples include spermine/spermidine N1-
acetyltransferase (Green et al., 1998), integrins (Burghardt et al., 2002), extracellular matrix
proteins (Johnson et al., 2003; Johnson et al., 2001), growth factors {(Geisert et al., 2001; Gupta
et al., 1998; Moussad et al., 2002) and numerous progesterone-responsive genes (Clawitter et
al., 1990; Malathy et al., 1990; Stallings-Mann et af., 1994). Presumably, these gene products
are participating in the establishment and maintenance of pregnancy. However, in studying
uterine physiology on a gene-by-gene basis, it is has become quite clear that the uterine
transcriptome is exceedingly complex. The recent development of genomic and proteomic
methods for large-scale expression analysis, along with associated statistical and bio-informatics
tools, have provided the means to analyse genes and their products on a global scale. Indeed,
if repraductive physiologists are to gain a thorough understanding of uterine physiology, it will
be necessary to identify additional uterus-specific transcripts and to define the global patterns
of uterine gene and protein expression during the cestrous cycle and pregnancy.

Systems biology

Each end-product of a gene transcription event (protein or non-coding RNA) does not exist in
isolation. Rather, the change in the expression of a given gene product is generally an outcome
of earlier transcription in other genes as well as numerous concurrent alterations. Together all
these coordinated changes are a reflection of regulatory networks and pathways that control
cellular homeostasis and differentiation. The study of such networks has developed into a
distinct discipline known as ‘systems biology’ and its goal is to understand how changes in
these genetic networks give rise to cellular and tissue phenotypes (de Bivort et al., 2004;
Hieronymus and Silver, 2004).

As recently as 10-12 years ago, the ability to identify and characterise gene expression
patterns was limited to only a small number of genes at a time. The methods in place at that
time included Northern blotting, reverse-transcription PCR (RT-PCR) and real-time PCR (Hol-
land et al., 1991; Lee et al., 1993; Sambrook et al., 1989). These techniques are still used
routinely, but they do have limitations in the number of expression patterns that can realisti-
cally be characterised. The recent development of several high-throughput technologies has
allowed a more extensive assessment of gene expression.
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Table 3. Expression of selected genes throughout the oestrous cycle

Genes Analysis Day0 Day3 Dayé Day 10 Day 12 Day 14 Day 18

LAMC2 Microarray | 2.15+ 046§ 0.531£0.21 0621 Q.15 0,774+ 0.08 0601+ 0.6 1.463 0.63]3.624+ 0.68
{NM_005562}) RT-PCR 3241+ 395 | 4431089 245+ 033 241+ 048 142 £ 016 991+ 074[17801 1.14
VNN2 Microasray 4424 033 1 019+ 010 018+ 010 0104 008 019+ 060 4741 1.81(368+ 286
(NM_D04665)  RT-PCR 1453+ 1.11 | 039+ 003 0371 0.04 009+ 001 053 £ 007 1477 + 2.04 [39.32 + 10.5(
opc Microarray 0084 0.05 5311186 450% 238 1354+ 019 098 + 014 0701 009 090 007
(NM_002539)  RT-PCR 132+ 028 §1.97 ¢ 144 1164+ 1,53 293¢ 037 115+ 011 123+ 011 1691 0.20
ML Microamay 012+ 004 0.55+009 08 1+ 192 | 2508+ 686 2585 f 3.02 1639+ 3.28] 206+ 2.39
(NM_006681) RT-PCR 033+ 008 1104019 2409+ 4.49 17768 + 32.56 67.59 +11.22 8457 +16,26129.18 + 6.09
UPTI Microaray 0.12¢ 005 006+002 05831 089 4724 022 501 1 065 9881 2.76] 1904 073
(IL14282} RT-PCR 004+ 001 0014000 1661+ 0.22 B97+ 050 3.86 + 0.57 6621 039] 1.24+ 018
*8P4 Migoamay 003+ 002 0CO041002 0051 002 0174 003 030t 028] 608+ 076 2643 1.18
(NM_006744)  RT-PCR 005+ 0.01 0084001 0071 001 0393 005 088 + 01014681+ 1.93 10.27 £ 1.23
Uterferrin Migoaray 1.56+ 0.15 0201005 0581 023 4764 049 775 & 1.22 4417+ 3.91 3297 £ 13.85
(M98553} RT-PCR 313+ 014 045+021 145% 0.1 863+ 057 5119 11645 9756 +_4.29 8692 +_ 809

*Microarray values were normalised to all spots on the microarray by using LOWESS, and Realtime PCR
values were normalised to a housekeeping gene. The shaded cells indicate times during the oestrous cycle in
which the genes targeted for Realtime PCR analysis exhibited maximal expresssion

A major goal of production animal agriculture is in improving reproductive efficiency. Such
efforts can take the form of improved nutrition, heat detection, synchronisation schemes etc.
Unfortunately, traditional research approaches into these areas are likely to provide only mar-
ginal improvements in reproductive success in livestock. If major improvements are to take
place, one area of research likely to be key to such improvements is in manipulating gene
expression in the conceptus, uterus or ovary by transgenics and/or somatic cell nuclear transfer,
However, knowing how to improve a biological process requires an intimate knowledge of the
genetic and protein milieu driving the process. The techniques and tools to define gene- and
protein-expression patterns in parallel between experimental treatments and during develop-
ment have opened up the world of systems biology to the reproductive biologist. In the near
term, these approaches will illuminate the mechanics of reproductive physiology in ways un-
dreamt of 15 years ago. A more important outcome, however, will be the opportunity to apply
this information to improve reproductive efficiency in swine - a species that is so very impor-
tant as a world-wide source of nutritional protein.
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