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Abstract

To gain new insights into gene identity and gene expression in the bovine corpus luteum (CL) a directionally cloned CL cDNA library

was constructed, screened with a total CL cDNA probe and clones representing abundant and rare mRNA transcripts isolated. The 5V-
terminal DNA sequence of 960 cDNA clones, composed of 192 abundant and 768 rare mRNA transcripts was determined and clustered into

351 non-redundant expressed sequence tag (EST) groups. Bioinformatic analysis revealed that 309 (88%) of the ESTs showed significant

homology to existing sequences in the protein and nucleotide public databases. Several previously unidentified bovine genes encoding

proteins associated with key aspects of CL function including extracellular matrix remodelling, lipid metabolism/steroid biosynthesis and

apoptosis, were identified. Forty-two (12%) of the ESTs showed homology with human or with other uncharacterised ESTs, some of these

were abundantly expressed and may therefore play an important role in primary CL function. Tissue-specificity and temporal CL gene

expression of selected clones previously unidentified in bovine CL tissue was also examined. The most interesting finds indicated that mRNA

encoding squalene epoxidase was constitutively expressed in CL tissue throughout the oestrous cycle and 7-fold down-regulated (P< 0.05)

in late luteal tissue, concomitant with the disappearance of systemic progesterone, suggesting that de novo cholesterol biosynthesis plays an

important role in steroidogenesis. The mRNA encoding the growth factor, insulin-like growth factor-binding protein-related protein 1

(IGFBP-rP1), remained constant during the oestrous cycle and was 1.8-fold up-regulated (P< 0.05) in late luteal tissue implying a role in CL

regression.

D 2004 Elsevier B.V. All rights reserved.
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1. Introduction

The corpus luteum (CL) is an important mammalian

reproductive organ producing progesterone which plays a

central role in regulation of the oestrous cycle and in the

establishment and maintenance of pregnancy [1]. The CL

develops from the dominant ovarian follicle after ovulation

and comprises steroidogenic (theca and granulosa-lutein)

and non-steroidogenic (endothelial, immune, fibroblasts)
0167-4781/$ - see front matter D 2004 Elsevier B.V. All rights reserved.

doi:10.1016/j.bbaexp.2004.03.011

$ Supplementary data associated with this article can be found, in the

online version, at doi:10.1016/j.bbaexp.2004.03.011

* Corresponding author. Tel.: +353-91-845849; fax: +353-91-845847.

E-mail address: rfitzpatrick@athenry.teagasc.ie (R. Fitzpatrick).
cells, both of which are essential for the synthesis and

secretion of steroids. The bovine CL is a transient organ

with an average lifetime of approximately 17–18 days and

undergoes extreme change throughout its life span in terms

of size, structure and function [2,3]. The fate of the CL is

principally determined by either the luteolytic action of

uterine produced prostaglandin F2a (PGF2a), which indu-

ces regression of the CL [4] or the luteotrophic action of

anterior pituitary produced luteinizing hormone (LH), which

is responsible for the maintenance and steroidogenic activity

of the CL [5]. In addition, there is growing evidence

implicating the IGF system, angiogenic factors and immune

cells in the development, maintenance and regression of the

CL [6,7].
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The primary function of the CL is steroid hormone

synthesis, in particular progesterone production. Systemic

progesterone concentrations during the oestrous cycle are

the result of changes in luteal blood flow, the size and

number of steroidogenic cells [8] and alterations in gene

expression for key enzymes involved in steroidogenesis

[5,9]. Progesterone plays a key role in the endocrine control

of the oestrous cycle through its negative feedback effects

on the hypothalamic release of gonadotrophin releasing

hormone and consequently LH secretion. Progesterone also

plays a critical role in the establishment and maintenance of

pregnancy by promoting and/or controlling the secretion of

uterine derived proteins and growth factors, the growth rate

of the embryo and embryonic secretion of interferon-tau

[10]. Furthermore, several studies have reported a positive

relationship between early luteal phase systemic progester-

one and embryo development [10,11] and embryo survival

in cows [11,12].

Despite the interest and essential role of the CL in

animal reproduction, relatively little information is available

on CL genes with less than 140 annotated CL nucleotide

sequences currently deposited in the international DNA

databases. This lack of knowledge represents a major

obstacle hampering an improved understanding of the

molecular mechanisms controlling CL development and

regression and the variations in systemic progesterone

concentrations. The identification and characterisation of

genes involved in key aspects of CL function is an

important first step towards a broader understanding of

CL biology and this has potential implications for the long-

term development of new methodologies for regulation of

the oestrous cycle and enhancing animal fertility. Expressed

sequence tag (EST) analysis of gene expression in specific

tissues is widely used to characterise gene function and

tissue physiology [13]. This approach has been used to

accelerate gene discovery in a variety of bovine tissues

including the ovary [14], mammary gland [15], embryo

[16], foetus [17], and multiple tissues [18]. In addition, a

recent study reported the identification and mapping of 11

gene sequences preferentially expressed in the bovine CL

[19]. The generation of ESTs is vital to the growing area of

bovine functional genomics and in facilitating large-scale

gene expression studies [20,21], gene mapping, and the

identification of genes influencing economically important

traits [22,23]. In this paper, we describe the generation and

characterisation of 351 unique CL ESTs comprising 38

abundant and 313 rare mRNA transcripts. These ESTs were

classified according to their expression levels and grouped

into 15 functional categories. Tissue-specificity and tempo-

ral CL gene expression of selected clones encoding tran-

scripts involved in apoptosis (death-associated protein 5,

DAP5), cholesterol biosynthesis (squalene epoxidase), cel-

lular proliferation (insulin-like growth factor-binding pro-

tein-related protein 1, IGFBP-rP1) and an uncharacterised

EST was also determined using RT-PCR and Northern

analysis.
2. Materials and methods

2.1. cDNA library construction and quality analysis

Corpus luteum tissue was collected from heifers imme-

diately after slaughter at days 6 (n = 3), 8 (n = 3), and 14

(n = 3) of the oestrous cycle and immediately frozen in

liquid nitrogen and stored at � 80 jC. Total RNA was

prepared from fragmented frozen tissue using the TRIzol

reagent (Gibco BRL Life Technologies Ltd., Renfrewshire,

UK). RNA integrity was assessed by examining the 28S and

18S ribosomal RNA bands on ethidium bromide stained 1%

agarose gels [24]. Total RNA was then pooled and enriched

for messenger RNA (mRNA) using the Oligotex mRNA

midi kit (Qiagen Ltd., Crawley, UK). Total RNA and

mRNA quantity was determined by absorbance at 260 nm

and the degree of protein contamination was assessed by the

ratio of absorbance at 260 and 280 nm. The cDNA library

was constructed using the E ZAP cDNA synthesis/gigapack

III gold cloning kit (Stratagene cloning systems). cDNA

synthesis was performed using 5 Ag of mRNA and oligo-

(dT)18 primer and used to generate a directionally cloned

cDNA library according to manufacturer’s instructions. The

library was then amplified and stored at 4 and � 80 jC in

7% DMSO for long-term storage.

The background of parental E Zap Express pfu was

established by plating on soft top agar containing 3.2 mg/

ml XGal and 1 mM IPTG. Average cDNA clone length was

established after in vivo excision of 12 random clones into

pBK-CMV phagemid form according to manufacturers’

(Stratagene) instructions. Excised clones were grown over-

night in LB containing kanamycin (50 Ag/ml) and phagemid

DNA was prepared from 3 ml of overnight bacterial culture

using a High Pure Plasmid Isolation Kit (Roche Diagnostics

GmbH, Mannheim, Germany). The cloned cDNA inserts

were released by digestion with the restriction enzymes PstI

and XbaI and analysed by electrophoresis through 1%

agarose gels. The size of the cloned cDNA fragments were

determined by visual comparison to EHindIII molecular

weight markers (New England Biolabs, MA, USA) and

100 bp ladder (Amersham Pharmacia Biotech, NJ, USA).

2.2. Screening of CL cDNA library with total cDNA probe

The selection of abundant and rare mRNA encoding

cDNA clones was carried out essentially as described

previously [25]. Briefly, approximately 3000–4000 phage

from the CL cDNA library were screened with a total cDNA

probe. The cDNA probe was generated by reverse transcrip-

tion of 5 Ag of pooled total RNA isolated from days 6, 8 and

14 CL tissue using a mixture of anchored oligo-(dT)12
primers (Sigma Genosys, Cambridgeshire, UK) and 1 Al of
6000 Ci/mmol a32P dCTP. The reverse transcription was

performed at 37 jC for 30 min before the addition of 2 Al of
2.5 mM dNTP and incubated at 37 jC for a further 30 min.

The cDNA probe was purified using the High Pure PCR
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Product Purification Kit (Roche Diagnostics) and hybrid-

isation was carried out as previously described [24]. Follow-

ing autoradiography at � 70 jC, hybridisation-positive and -
negative plaques representing abundant and rare mRNA

encoding cDNA clones, respectively, were catalogued and

stored separately at 4 jC.

2.3. DNA sequencing and bioinformatic analysis

Single-pass sequencing of the 5V-termini of 960 selected

CL cDNA clones in phagemid form was performed using the

ABI 3700 automatic DNA sequencer (PE Applied Biosys-

tems, CA, USA) and the ABI prism Big Dye Terminator

Cycle Sequencing Ready Reaction kit (PE Applied Biosys-

tems). After elimination of vector sequences, and ESTs < 300

bp, 841 ESTs were included for further analysis. These were

subjected to cluster analysis to remove EST redundancy and

resulted in 351 unique ESTs. The longest EST was taken as

the unique representative member of each EST cluster. All

unique ESTs were submitted to the NCBI nr protein database

using the BLASTX [26] program located on the NCBI

BLAST homepage http://www.ncbi.nim.nih.gov/BLAST/).

Sequences which did not have a significant match were then

submitted to GenBank nucleotide databases using the

BLASTN [26] program located on the Pole Bio-informatique

Lyonnais homepage http://pbil.univ-lyon1.fr/). In both cases

putative identification was assigned to sequences with an

expectation value < 1 e� 7. All unique ESTs have been

deposited in GenBank dbEST under accession numbers,

BU917059 BU917082, BU917084 BU917091, BU917095

BU917154, BU917156 BU917166, BU917168 BU917173,

BU917175 BU917193, BU917195 BU917229, BU917231

BU917272, BU917274 BU917286, BU917288, BU917290

BU917337, BU917339 BU917422, CB690962 CB690964.

2.4. RT-PCR analysis

Total RNA was extracted from various bovine tissues

(kidney, liver, heart, muscle, lung, spleen, oviduct, uterus,

ovarian cortex, corpus luteum) using the Trizol reagent

(Gibco BRL) as described above. For RT-PCR analysis,

samples were treated with RNase-free DNase (Gibco BRL)

for 15 min at room temperature. The reaction was stopped by

the addition of 25 mM EDTA and heating to 65 jC for 10

min. One microgram of total RNA was reverse-transcribed

usingM-MLVreverse transcriptase (Promega, WI, USA) and

500 ng of oligo-(dT)15 in a 21 Al reaction. Four-microliter

aliquots from the first-strand cDNA synthesis reaction were

then amplified in a 100 Al volume containing 1� PCR

buffer, 0.2 AM dNTP mixture, 1.5 mM MgCl2, 100 ng of

each primer and 2.5 U of Taq DNA Polymerase (Promega).

Thirty-five cycles of PCR consisting of 94 jC for 30 s, 54 jC
for 30 s and 72 jC for 1 min were performed. Non-reverse-

transcribed total RNA was included as a control for the

presence of genomic DNA contaminants. Gels were stained

with ethidium bromide and visualised using a Molecular
Imager FX (Bio-Rad). Sequences of gene-specific primers

used in this study are available on request. The identity of the

RT-PCR products was confirmed by DNA sequencing.

2.5. Northern analysis

Following twice daily checks for the occurrence of

oestrus (day 0), corpus luteum tissue was obtained from

heifers (n = 3) at day 6, 8, 14, and 17 of the oestrous cycle. In

all cases, morphological dating of CL tissue was used to

confirm the luteal phase classification [27], and in addition

the functional status of the isolated CLs was determined by

measurement of systemic progesterone concentration using

RIA (Coat-a-Count, Diagnostic Products Corporation,

USA). Plasma progesterone concentrations were within a

range (meanF SEM) of 6.5F 0.42 ng/ml, to 7.3F 1.5 ng/ml

confirming that the days 6, 8 and 14 CLs were functional.

Plasma progesterone concentration of 0.4F 0.12 ng/ml con-

firmed that the day 17 CLs had regressed. For Northern

analysis total RNA (20 Ag) was size fractionated through a

denaturing 2.2 M formaldehyde 1% agarose gel in 1�
MOPS buffer, transferred to nylon membranes (Schleicher

& Schuell, Dassel, Germany) and baked at 80 jC for 2 h.

Membranes were prehybridised for 4 h at 42 jC in 15 ml of

Ultrahyb solution (Ambion Europe Ltd.) followed by over-

night hybridisation at 42 jC with 32P-radiolabelled DNA

fragments encoding DAP5, squalene epoxidase, IGFBP-rP1

and an abundantly expressed EST accession no. BU917379.

DNA probes were generated using Strip-EZ DNA kit

(Ambion) according to manufacturer’s instructions. A con-

trol hybridisation using a 32P-radiolabelled DNA fragment of

the 18S rRNAwas carried out to normalize for RNA loading.

Membranes were washed twice for 5 min in 2� SSC, 0.1%

SDS at 42 jC and twice for 15 min in 0.1� SCC, 0.1% SDS

at 42 jC. Membranes were exposed to imaging plates (Fugi,

BAS-MS) and scanned using a Molecular Imager FX (Bio-

Rad). Densitometry data were examined by analysis of

variance using PROC GLM, SAS [28].
3. Results and discussion

3.1. cDNA library construction and quality assessment

The CL cDNA library contained 3.2� 104 primary trans-

formants with an average insert size of 2.3 kb and a parental

background of < 2%. Analysis of 12 randomly chosen

clones indicated a range of cDNA insert sizes from 1.3 to

4.5 kb. Since all clones were >500 bp in length, it was not

necessary to remove short-length clones prior to sequencing.

3.2. Selection of abundant and rare mRNA encoding cDNA

clones

Several thousand cDNA clones were screened by in situ

hybridisation with a total CL cDNA probe in order to
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identify abundant and rare encoded mRNA transcripts.

Clones exhibiting either a positive or negative hybridisation

signal were catalogued as representing either abundant or

rare mRNA encoding cDNA clones, respectively. The

resolving power of this type of probe is estimated to detect

cDNA clones derived from mRNA transcripts that exceed

0.06% of the total mRNA population [29]. Hybridisation of

complex probes to cDNAs has been used to identify

abundantly expressed clones and reduce gene redundancy

in conventional cDNA libraries [21,30]. This differential

screening technique has also been incorporated into several

EST surveys providing informative qualitative gene expres-

sion data by identifying cDNA clones exhibiting high and

low expression levels [25,31,32]. In this study, 14% of the

clones hybridised with the total cDNA probe and were

catalogued as abundant, whereas the remaining 86% non-

hybridising clones were catalogued as rare mRNA tran-

scripts. Significantly, 47% of the clones catalogued as lowly

expressed, represented distinctly different clones compared

to 21% of the abundantly expressed clones.

3.3. EST sequencing and bioinformatic analysis

Nine hundred and sixty randomly chosen cDNA clones

composed of 192 abundant and 768 rare encoding mRNAs

were submitted to single-pass 5V-terminal DNA sequencing.

Following elimination of vector sequences, only ESTs >300

bp were accepted for bioinformatic analysis. Cluster analy-

sis was then performed using the criterion that ESTs with

< 1% nucleotide mismatch over 300 nucleotides were de-

rived from the same mRNA transcript. From this analysis,

351 unique ESTs were identified (derived from 160 clusters

and 191 singletons), and consisted of 38 abundant and 313

rare encoding mRNA transcripts (Table 1).

The 351 unique bovine CL ESTs were translated into all

six reading frames and used to search for amino acid

homology in the NCBI nr protein database. Two hundred

and forty-four (70%) of the ESTs showed significant sim-

ilarity to previously identified protein sequences. The
Table 1

Summary of CL EST analysis

Bioinformatic analysis CL EST

number

Abundant

mRNA

class

Rare

mRNA

class

Total number of 5V
EST sequences

960 192 768

Number of remaining

ESTsa
841 182 659

Unique ESTs 351 38 313

Protein database matchb 244 24 220

Nucleotide match

(excluding dbEST)b
65 8 57

EST matchb 42 6 36

a Bovine CL ESTs >300 bp following elimination of vector sequence.
b Putative identification was assigned to sequences with an E-value < 1

e� 7.
remaining 107 ESTs were submitted to the GenBank nucle-

otide databases. A total of 65 (18%) of the ESTs showed

homology to nucleotide gene sequences, while 42 (12%)

matched sequences in dbEST (Table 1). Overall, of the 351

unique ESTs analysed, 34% were identical or almost iden-

tical to known bovine sequences and 66% matched human

or other sequences. All ESTs have been assigned accession

numbers and deposited in the public GenBank database.

3.4. Abundantly expressed CL ESTs

Several of the 38 abundant ESTs encoded proteins

involved in specific aspects of CL function including

progesterone biosynthesis (apolipoprotein A1 and StAR),

apoptosis (DAP5) and angiogenesis (CTGF). Two of the

abundantly expressed ESTs were homologous with human

zinc finger proteins. Zinc fingers are structural motifs shared

by nuclear receptors such as steroid hormone receptors, and

other DNA binding proteins [33]. Typically, these proteins

regulate transcription and it is this characteristic that makes

these clones candidates for gene regulation in the CL. Six of

the abundantly expressed ESTs had homology to previously

isolated bovine, human and swine ESTs. The isolation of

highly expressed ESTs with no annotated biological function

is potentially an important find since abundantly expressed

genes are likely to have a key role in tissue function.

3.5. Classification of CL ESTs

Of the 351 ESTs, 161 were classified according to

Adams et al. [34] and by subjective comparison with

genes of recognised function and grouped into 15 func-

tional categories. The results are summarised in Table 2.

Additional information including accession number, ab-

breviated description, best matching sequence, E-value,

percent identity, and relative expression level, are provided

on a web accessible database http://bioinf.may.ie/Bovine/

bovine_CL_ests.pdf). The results show that genes associ-

ated with key aspects of CL function were well repre-

sented. For example 45 of the 161 ESTs were linked to

apoptosis, extracellular matrix proteins/angiogenesis,

growth factors/cytokines, immune response and lipid me-

tabolism/steroid biosynthesis.

Progesterone production is a major function of the CL and

therefore category VIII, which identifies 12 different genes

involved in lipid and steroid metabolism is of particular

interest. This category includes genes known to be directly

involved in key aspects of progesterone biosynthesis, viz., 3

beta-hydroxysteroid dehydrogenase, p450 side chain cleav-

age enzyme, and steroidogenic acute regulatory protein

(StAR) which catalyses the rate-limiting step in progesterone

biosynthesis [35]. Several ESTs encoded proteins involved in

cholesterol uptake including apolipoprotein A1 and the HDL

scavenger receptor SR-BI protein. Two enzymes previously

uncharacterised in bovine CL tissue, squalene epoxidase and

farnesyl-diphosphate farnesyl transferase (squalene syn-

 http:\\www.bioinf.may.ie\Bovine\bovine_CL_ests.pdf 


Table 2

Classification of CL ESTs

Category Description Number

of unique

ESTs

Abundant

ESTs

Rare

ESTs

I apoptosis 8 1 7

II extracellular matrix

proteins/angiogenesis

9 2 7

III cell cycle 3 0 3

IV cell structure 16 3 13

V growth factors/binding

proteins/cytokines

7 1 6

VI immune response 4 1 3

VII general metabolism 11 0 11

VIII lipid metabolism/

steroid biosynthesis

17 3 14

IX mitochondrion 18 2 16

X RNA processing 7 3 4

XI transcription 13 2 11

XII protein synthesis 10 1 9

XIII ribosomal proteins 24 3 21

XIV DNA structure/repair 5 0 5

XV cell signalling/

communication

9 0 9

XVI miscellaneous 102 9 93

Total 263 31 232

Uncharacterised protein/

nucleotide matches

46 1 45

EST matches 42 6 36

Overall total 351 38 313

Fig. 1. Tissue distribution of EST clone BU917379, DAP5, squalene

epoxidase and IGFBP-rP1 using RT-PCR. The expected size of the RT-PCR

products is shown on the right.
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thase), were also identified. Both of these enzymes are

involved in de novo cholesterol biosynthesis and their pres-

ence suggests that this anabolic pathway is a potential source

of cholesterol for progesterone biosynthesis in the bovine CL.

The rapid cyclical changes in luteal growth and regres-

sion demands corresponding rapid changes in gene expres-

sion and gene regulation. The identification of 13 different

ESTs encoding transcriptional regulators provides new

insights into the possible processes controlling CL gene

expression. This group contains the CCCTC binding factor

(CTCF), a highly conserved zinc finger protein, implicated

in both transcriptional enhancement and silencing of a

diverse set of genes [36]. A cDNA encoding a cofactor

required for Sp1 transcription activation was also identified.

Significantly, Sp1 is known to interact with transcription

factors that regulate the expression of genes involved in

steroidogenesis including StAR [9].

Programmed cell death or apoptosis is responsible for the

structural regression and demise of the bovine CL [37].

Category I lists the identity of seven different genes in-

volved in apoptosis, five of which have not been previously

identified in bovine. Included in this group is DAP5, which

was found to be abundantly expressed and is known to be

involved in interferon gamma-induced apoptosis in human

neuroblastoma cells [38]. In addition, cDNA clones encod-

ing the antioxidant related genes, manganous superoxide

dismutase and catalase, which are known to attenuate the

toxic effects of reactive oxygen species, and thwart the onset

of luteolysis [35] were also identified.
This CL gene survey also identified cDNA clones

encoding the IGFBP-rP1 and three different cytokines.

The isolation of these genes supports growing evidence

implicating the IGF system and immune cells in the devel-

opment, maintenance and regression of the CL [6,7,39].

Several ESTs were found to encode proteins associated with

angiogenesis and extracellular matrix remodelling including

SPARC, TIMP2, thrombospondin 1 and the growth factor

CTGF. The presence of such proteins is consistent with the

dramatic changes in cellular proliferation, differentiation,

and tissue remodelling which the CL undergoes during its

life span.

3.6. Expression analysis

Four cDNA clones were selected for expression analysis

and included mRNAs involved in apoptosis (DAP5), cho-

lesterol biosynthesis (squalene epoxidase), cellular prolifer-

ation (IGFBP-rP1), and an abundantly expressed EST,

accession no. BU917379 whose ortholog was recently iso-

lated from porcine pituitary tissue http://pigest.genome.

iastate.edu/). The results of RT-PCR analysis indicated the

four clones were expressed in all tissues examined (Fig. 1).

Northern analysis indicated that DAP5 and the EST clone

were constitutively expressed in CL tissue throughout the

oestrous cycle and showed no significant difference in

expression between days (P>0.05) (Fig. 2). The constitutive

expression of DAP5 in CL tissue suggests that its function is

not exclusive to apoptosis. Squalene epoxidase catalyses the

conversion of squalene to 2,3(S)-oxidosqualene a rate-limit-

ing step in de novo synthesis of cholesterol [40]. The mRNA

encoding squalene epoxidase was found to be expressed in

CL tissue throughout the oestrous cycle and 7-fold down-

regulated (P < 0.05) in day 17 regressed luteal tissue, con-

comitant with the disappearance of systemic progesterone
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Fig. 2. Temporal expression of EST clone BU917379, DAP5, squalene epoxidase and IGFBP-rP1 in days 6, 8, 14 and 17 luteal tissue using Northern blot

analysis. The estimated size of the mRNA transcripts is indicated.
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(Fig. 2). Cholesterol is an essential precursor in progesterone

biosynthesis and is typically obtained from circulating lip-

oproteins [35]. However, the expression of squalene epox-

idase in days 6, 8 and 14 luteal tissue suggests de novo

cholesterol biosynthesis may also have an important role in

steroidogenesis. There is increasing evidence that insulin-

like growth factors and their binding proteins are important

effectors of luteal function [41,42]. In this study, temporal

CL gene expression of mRNA encoding IGFBP-rP1, a

recently described member of the insulin-like growth fac-

tor-binding protein family was examined. IGFBP-rP1 is

known to bind IGF-I and IGF-II and functions as a growth

suppresser in several tissues [43,44]. Northern analysis

indicated that IGFBP-rP1 expression remained constant

during the oestrous cycle and was up to 1.8-fold up-regulated

(P < 0.05) in day 17 regressed luteal tissue (Fig. 2). The up-

regulation of IGFBP-rP1 in late luteal tissue is consistent

with its role as a cell growth inhibitor. At this time, luteal

cells become replicatively quiescent, culminating in the

ultimate demise of the CL. In addition, a recent study has

also implicated IGFBP-rP1 as a suppressor of granulosa cell

growth in porcine preovulatory follicles [45]. Although the
precise mechanisms by which IGFBP-rP1 inhibits cellular

growth still remain to be elucidated, it is tempting to

speculate that up-regulation of IGFBP-rP1 antagonises the

effects of IGF-I, thereby impairing luteal growth and con-

tributing to CL regression. It is also possible that these events

are mediated independently of the IGF system as outlined

previously [46].
4. Conclusion

The molecular mechanisms regulating the development,

maintenance and regression of the CL are complex and not

fully understood. This problem is compounded by the

limited number of annotated CL nucleotide sequences

currently deposited in the public databases ( < 140). Al-

though this EST survey is relatively small, the character-

isation of 351 unique ESTs represents an important initial

assessment of genes active in the CL. Many of the identified

ESTs encode proteins linked to specific aspects of CL

function including, angiogenesis, extracellular matrix

remodelling, lipid/steroid biosynthesis and apoptosis. In
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addition, a number of ESTs encode genes involved in

transcriptional regulation and cell signalling, many of which

have not previously been identified in CL tissue. A large

percentage (25%) of the unique CL ESTs correspond to

uncharacterised protein, nucleotide and EST sequences,

some of which were abundantly expressed and may there-

fore play an important role in primary CL function. Expres-

sion studies have provided new insights into the potential

role of squalene epoxidase and IGFBP-rP1 in steroidogen-

esis and in CL regression, respectively. The ESTs generated

in this study now permit the construction of cDNA arrays

facilitating further functional analysis of CL gene expres-

sion and the underlying causes of luteal insufficiency which

impairs animal reproductive efficiency.
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