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ABSTRACT Expression of ovine interferon-tau
(oIFNt), a factor essential for the process of maternal
recognition of pregnancy in ruminant ungulates, is
restricted to the trophoblast. However, the molecular
mechanisms by which oIFNt expression is restricted to
the trophectoderm have not been fully elucidated. The
objective of this study was to determine whether oIFNt
gene transcription could be regulated through Cdx2
expression, a transcription factor implicated in the
control of cell differentiation in the trophectoderm.
Human choriocarcinoma JEG3 cells were co-trans-
fected with an oIFNt (�654 base pair, bp)-luciferase
reporter (�654-oIFNt-Luc) construct and several
transcription factor expression plasmids. Compared
to �654-oIFNt-Luc alone, transcription of the �654-
oIFNt-Luc increased more than 30 times when this
construct was co-transfected with Cdx2, Ets-2, and c-
jun. The degree of transcription decreased to 1/4 levels
when the upstream region was reduced to �551 bp,
and became minimal with further deletions; this was
confirmed with the use of the reporter constructs with
mutated c-jun, Ets-2, and/or Cdx2 sites. In trophoblast
unrelated NIH3T3 cells, which do not support IFNt
gene transcription, the oIFNt-Luc transcription was
enhanced approximately eightfold when the cells were
co-transfected with the Cdx2/Ets-2 or Cdx2/Ets-2/c-jun
expression plasmids. These findings were confirmed by
gel-shift assays examining Cdx binding site on the
oIFNt gene’s upstream region, by immunohistochem-
ical study identifying the presence of Cdx2 in day 15
and 17 ovine conceptuses, and by Western blot
detecting Cdx2 in day 17 conceptuses. Our results
indicate that oIFNt gene transcription is regulated by
Cdx2, and suggest that Cdx2 could be a key molecule
in determining oIFNt gene transcription by the
trophectoderm. Mol. Reprod. Dev. 73: 559–567,
2006. � 2006 Wiley-Liss, Inc.

Key Words: interferon-t; Cdx2; JEG3; NIH3T3;
trophectoderm; ovine

INTORDUCTION

Interferon-tau (IFNt) is regarded as a major protein
implicated in the process of maternal recognition of
pregnancy in ruminant ungulates (Godkin et al., 1982;
Imakawa et al., 1987; Roberts et al., 1992). IFNt acts on
the uterine epithelium and attenuates secretion of a
luteolysin, prostaglandin F2a (PGF2a), resulting in the
maintenance of corpus luteum (CL) function (Vallet et al.,
1988). Based on cDNAand amino acid sequences, IFNt is
classified among the type I IFNs (Imakawa et al., 1987,
1989; Stewart et al., 1987; Charpigny et al., 1988).
However, the expression of IFNt is quite different from
that of other type I IFNs such as IFNa and IFNb that are
induced by viruses or double stranded RNA, and main-
tained foronlyafewhours (Pestkaetal.,1987;Farinetal.,
1991). The expression of IFNt is subject to temporal and
spatial limits since its production is restricted to
trophoblast cells during peri-implantation period (Farin
et al., 1989; Guillomot et al., 1990; Demmers et al., 2001).
In fact, ovine interferon-tau (oIFNt) production begins on
day 8 of pregnancy (day 0¼first day of estrus). Its
production increases as the conceptus elongates and
reaches thehighestproduction (upto100mg/conceptus/24
hr) on day 16, just before the attachment of the conceptus
to the uterine epithelium (Godkin et al., 1982; Ashworth
andBazer, 1989).Conceptusproductionof oIFNtappears
to decrease as trophoblasts attach to the uterine
endometrium (Guillomot et al., 1990), and by day 22,
when placenta formation is initiated, oIFNt production is
minimal (Godkin et al., 1982).
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So far, more than 10 IFNt genes or cDNAs have been
isolated and characterized for the ovine and bovine
species, exhibitingahighdegree of similaritywithinand
among ruminants (Leaman and Roberts, 1992; Nephew
et al., 1993; Ryan and Womack, 1993; Alexenko et al.,
2000; Ealy et al., 2001). Because of massive amounts of
IFNt produced during peri-implantation period, these
genes are expected to have comparable expression
patterns; however, expression appeared to be bias
toward certain gene(s) (Nephew et al., 1993; Ealy et al.,
2001). Inaddition, theupstreamregion of the IFNtgene,
oIFNt-o10, which has been extensively studied in our
laboratory (Yamaguchi et al., 1999, 2001), was indepen-
dently isolated and characterized by others (Charlier
et al., 1991). By transient transfection of reporter
constructs with deleted or mutated 50-upstream regions
of the oIFNt-o10 gene in human choriocarcinoma JEG3
cells, an AP-1 binding site in the distal enhancer region
was shown to be effective in oIFNt-reporter transactiva-
tion (Yamaguchi et al., 1999, 2001). Another regulatory
domain exists at the proximal promoter region to which
the transcription factor Ets-2 binds (Ezashi et al., 1998;
Yamaguchi et al., 1999, 2001). Ezashi et al. (2001) found
that the action of Ets-2 on bovine IFNt (bIFNt) was
inhibited by Oct-4, a mammalian POU transcription
factor expressed by early embryo cells and germ cells
(Nichols et al., 1998). Once Oct-4 expression subsided,
Ets-2 became effective in the activation of bIFNt gene
transcription. Recently, a transcription co-activator,
cAMP-response element binding protein-binding pro-
tein (CBP), was shown to enhance oIFNt-o10 gene
transcription (Xu et al., 2003). Both AP-1 and Ets-2
binding domains are located on the CBP polypeptide
sequences, to which these transcription factors bind,
possibly resulting in further activation of oIFNt-o10
gene transcription. Quite recently, the activation of
intracellular signaling Ras/MAPK was found to sub-
stantially enhance bIFNt gene transcription (Ezashi
and Roberts, 2004). However, trophoblast cell-specific
expression of the IFNt gene has not been fully
characterized.

In mice, Oct-4 is expressed in oogenesis and through-
out early cleavage stages (Scholer et al., 1989) and
becomes progressively restricted, first to the entire
inner cell mass (ICM) and then to the epiblast as
blastocyst development proceeds (Palmieri et al., 1994).
Ablation of the Oct-4 gene results in lethality at
implantation because conceptuses fail to generate any
ICM at the blastocyst stage (Nichols et al., 1998). In the
absence of Oct-4, however, differentiation into the
trophoblast lineage is not simply the developmental
default of ICM. The homeobox gene Cdx2, a transcrip-
tion factor and a homolog of theDrosophila gene caudal,
has been implicated in the control of cell differentiation
in the trophectoderm and the intestinal epithelium in
mice (Beck et al., 1995). This factor shows a reciprocal
pattern of its expression to Oct-4 in early embryos,
becoming restricted to the trophoblast by the blastocyst
stage (Beck et al., 1995). Consistent with the early
developmental expression, Cdx2 null mutant mice dis-

play preimplantation lethality (Chawengsaksophak
et al., 1997). Because IFNt production is restricted to
the blastocyst, we hypothesized that in addition to AP-1,
Ets-2, and Ras/MAPK so far examined, cell-specific
expression of the trophoblast IFNt gene might also be
regulated through Cdx2 expression. Objectives of this
study were to demonstrate that Cdx2 is involved in
transcription of the oIFNt gene, and to elucidate
molecular mechanisms by which oIFNt gene transcrip-
tion could be regulated through Cdx2.

MATERIALS AND METHODS

Animals, Fixation of Uteri, and Sampling

Six-mature, crossbred ewes were maintained at the
U.S. Meat Animal Research Center, Clay Center, NE
and care was in accordance with the Guide for the
Care and Use of Agricultural Animals in Agricultural
Research and Teaching, the U.S. Department of
Agriculture. Estrous synchronization and breeding
procedures were performed as previously described
(Imakawa et al., 2002). Pregnant eweswere slaughtered
on days 15 and 17 of gestation, and three uteri eachwere
immediately subjected to whole uterus fixation. The
middle uterine artery associated with the left and right
uterine horns was cannulated, each were infused with
60mlphosphate buffered saline (PBS,pH7.2), and60ml
of 10% formalin (Polyscience, Inc., Warrington, PA) to
initiate fixation. Whole uteri were submerged in 10%
formalin for 24 hr, decanted and re-submerged in 10%
formalin for another 24 hr period to complete fixation.
Fixed whole uteri were serially dissected into 1.5 cm
blocks (proximal to distal uterine horn origination, 10
blocks/uterine horn). Each block was sectioned (5 mm),
mounted on glass slides and evaluated microscopically
for the presence of conceptus(es) after hematoxylin-
eosin staining.

Immunohistochemistry

Serial sections (5 mm) were cut, mounted on glass
slides precoated with 3-aminopropyltriethoxysilane,
deparaffined, rehydrated, washed in distilled water,
and then immersed inmethanolwith 0.3% (v/v)H2O2 for
30 min. After a wash with PBS, normal horse serum
(Vector Laboratories, Burlingame, CA) was placed on
each section to block nonspecific protein binding, and
the sectionswere incubatedat roomtemperature for 1hr
with rabbit anti-human Cdx2 antibody (CeMines, Ever-
green,CO) ornormal rabbit IgG (Sigma-Aldrich) diluted
1:500 with PBS. Subsequently, the sections were
washed with PBS and incubated with biotinylated
anti-rabbit IgG (1:200; Vector Laboratories). Immuno-
reactivity was visualized using a VectaStain avidin-
biotin-peroxidase kit (Vector Laboratories) according
to the manufacturer’s directions. The sections were
washed well with distilled water, counter-stained with
methylgreen or hematoxylin, dehydrated, mounted
with Entelan (Merck, Darmstadt, Germany), and then
examined using light microscope (BX-51; Olympus,
Tokyo, Japan).
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Plasmid Construction

50-deletion constructs representing various lengths of
the upstream regions of oIFNt gene (ovine IFNt-o10,
GenBank accession numberM88773) had been prepared
previously (Yamaguchi et al., 2001). These constructs
were based on the pGL3 Basic Vector consisting of a
firefly luciferase (Luc) gene (Promega, Madison, WI).
Constructswith onepointmutationatAP-1 and/orEts-2
sites also had been prepared previously (Yamaguchi
et al., 2001). Constructs containing mutated Cdx2 and
mutated AP-1, Ets-2, and Cdx2 were prepared by
inverse PCR procedure (Expanding long template PCR
system, Roche Diagnostics, Mannheim, Germany) with
appropriate primers including mutation; Cdx2 recogni-
tion site mutation,�581 to�575 bp, of�654-oIFNt-Luc
was point mutated as 50-TTTACTG-30 !50-TTTTGTG-
30. One point mutation was also introduced into the Cdx
expression plasmid (Suh et al., 1994) at the serine 60
residue to alanine, which had been demonstrated to
cause a loss of Cdx2 effectiveness in its transactivation
capacity (Rings et al., 2001). These constructs were each
confirmed to have expected nucleotide sequence by
dideoxy sequencing.

Cell Culture and Transient Transfection

NIH3T3 cells and human choriocarcinoma JEG3 cells
(American Type Culture Collection, ATCC) were cul-
tured in Dulbecco’s modified Eagle’s medium (DMEM;
Sigma-Aldrich, St. Louis, MO) supplemented with 10%
fetal bovine serum (FBS; Sigma-Aldrich), 40 U/ml
penicillin, and 40 mg/ml streptomycin (Sigma-Aldrich).
Both cells were incubated at 378C CO2 incubator (5%
CO2 in air). When cells were grown sufficiently, they
were replated onto 24-well plastic plates (Nunc, Ros-
kilde, Denmark) for subsequent transfection. At 60%–
80% cell confluency, transient transfection was per-
formed with TransFast (3 ml, cationic lipids, Promega)
according to the manufacturer’s protocol, and plates
were incubated in the 5% CO2 incubator at 378C for
48hr.For onewell, 1mg total plasmidDNAwasprepared
in 200 ml DMEM containing 10% FBS. To normalize
transfection efficiency, pRL-TK vector (containing
herpes simplex virus thymidine kinase promoter and
Renilla luciferase gene, Promega) along with each of
pGL3 vector and a transcription factor expression
plasmid without c-jun, Ets-2, or Cdx2 (empty vector,
pRVSV)was transfected into JEG3orNIH3T3 cells. The
ratio of pGL3 vector to pRL-TK vector, and to the empty
vector was 8:1:1 (800:100:100 ng). When three kinds of
expressionvectorswere co-transfected, the ratio of these
plasmids was 1:1:1 (33.3:33.3:33.3 ng). Regardless of
expression plasmid combination, the amounts of expres-
sion plasmids (total of 100 ng) were kept constant
(33.3 ng each) with the inclusion of the empty vector.
Expression of murine c-Jun is driven by the Rous
Sarcoma Virus long terminal repeat (LTR) (Yamaguchi
et al., 1999). The Ets-2 expression vector was a pSG5-
based construct containing the SV40 promoter/enhan-
cer (Wakiya et al., 1996). The Cdx2 expression plasmid

was a pRC-Cytomegalovirus (CMV) based construct
containing the SV40 promoter/enhancer (Suh et al.,
1994). After 48 hr incubation, transfected cells were
lysed with Passive lysis buffer (Promega). Luciferase
activity of these lysates was measured with Dual-
Luciferase Reporter Assay System (Promega) according
to themanufacturer’s instructions. Signal intensitywas
obtained through the normalization of transfection
efficiency after the luminescence of firefly luciferase
had been divided by that of Renilla luciferase.

Preparation of Nuclear Extracts, Western Blot,
and Electrophoretic Mobility Shift Assay

JEG3 cells, transfected or not transfected with Cdx2
expression plasmid, on three flasks (75 cm2, BD
Biosciences, Bedford, MA) were washed with PBS and
scrapped off the plate, from which nuclear proteins
were extracted using the method described previously
(Matsuda et al., 2004) and concentrations of the nuclear
extracts were determined by using Bio-Rad Protein
Assay Dye Reagent Concentrate (Bio-Rad Laboratories,
Hercules, CA).

Nuclear extracts (15 mg) from JEG3 cells and day 17
conceptuses (Yamaguchi et al., 2001) were loaded into
each lane and separated by 12% SDS-polyacrylamide
gel electrophoresis, which were transferred onto PVDF
membrane (Millipore, Bedford, MA) and then treated
with rabbit anti-human Cdx2 antibody (CeMines) or
normal rabbit IgG (Sigma-Aldrich) diluted 1:750 with
PBS. The proteins were detected using the secondary
antibody conjugated with horseradish peroxidase, ECL
Western blotting detection system (Amersham Phar-
macia Biotech, Buckinghamshire, UK).

Binding of nuclear proteins to a potential Cdx2
binding site located on the upstream region of oIFNt
gene was examined by electrophoretic mobility shift
assays (EMSA). In a preliminary experiment, the gel-
supershift assay, which used the antibody that immu-
nohistochemically detected Cdx2 in ovine conceptuses,
was not successful. Specificity of protein binding to the
Cdx region was determined using the following probes
and competitors. Oligonucleotide probe for Cdx site
was from �586 to �567 bp of the oIFNt gene (50-
CCTGGTTTACTGATATGGCA-30; Cdx binding site is
underlined), and Cdx site was point mutated as 50-
TTTACTG-30 ! 50-TTTTGTG-30. Oligonucleotide com-
petitor containing AP-1 and Cdx2 binding sites (AP-1/
Cdx), �597 to �574 bp, of the oIFNt gene was 50-
GAATGTGTCATCCTGGTTTACTGA-30 (binding sites
of each are underlined). Oligonucleotide competitor
representing consensus AP-1 binding site was 50-
CGCTTGATGAGTCAGCCGGAA-30 (AP-1C, binding
site is underlined) (Yamaguchi et al., 2001), and the
one with consensus Cdx2 sequence was 50-GTGCAA-
TAAAACTTTATGAGTA-30 (Cdx-C, binding site is
underlined) (Suh et al., 1994). Oligonucleotide probes
containing the Cdx site and mutated Cdx site were end-
labeled with [g-32P] ATP (6,000 Ci/mmol, NEN, Boston,
MA) and T4 polynucleotide kinase (Takara, Tokyo,
Japan). End-labeled oligonucleotides were ethanol
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precipitated and annealed with antisense oligonucleo-
tide by cooling slowly from958Cto roomtemperature. To
prepare competitors, nonlabeled sense and antisense
oligonucleotides were mixed and annealed by cooling
slowly. For EMSA, 10 mg of nuclear extracts were placed
in a binding buffer containing 100 mg/ml poly(dI-dC)
poly(dI-dC), 50 mg/ml bovine serum albumin (BSA),
7 mM N-2-hydroxyethyl-piperazine-N0-2-ethanesulfo-
nic acid (HEPES, pH 7.9), 0.5 mM MgCl2, 35 mM KCl,
7% glycerol, 70 nM ethylenediamine tetraacetic acid
(EDTA), 0.3 mM dithiothreitol (DTT) on ice with or
without a 10- or 50-fold molar excess of unlabeled
competitor. The 32P-labeled probe (3,000 cpm, 1–3 ng
DNA depending upon the specific activity) was then
added and the mixture was incubated at room tempera-
ture for 20 min. Reaction mixtures were then applied
to 5% polyacrylamide gel in 0.5� TBE buffer. After
the electrophoresis, the gel was dried and autoradio-
graphed.

Statistical Analysis

The results of luciferase assays were expressed as
mean�SEM. Differences in fold activation were exam-
ined by one-way ANOVA followed by Tukey’s multiple
comparison tests (Multistat; Biosoft, Cambridge, UK).
All differences with a value of P< 0.05 were considered
significant.

RESULTS

Localization and Detection of Cdx2
in the Ovine Conceptuses

Cdx2was localized in day 15 and 17 conceptuses using
a rabbit anti-human Cdx2 antibody (Fig. 1). It appeared
that the staining intensity for Cdx2 expression was
higher inday15 conceptuses than inday17 conceptuses.
In addition, as conceptuses attached to the uterine
endometrium, the intensity of Cdx2 staining appeared
to be lower than that of unattached conceptuses (Fig. 1A
vs. B vs. E and G).

Expression of Cdx2 in JEG3 and day 17 trophoblast
cells was examined by usingWestern blot with the same
antibody that detected trophoblast Cdx2 in the immu-
nohistochemical analysis. High level of Cdx2 was found
in JEG3 cells, which had been transfectedwith theCdx2
expression plasmid (Fig. 2, Upper panel). In addition,
Cdx2 was also detected in day 17 conceptuses.

Examination of the Role of Cdx2, Alone or in
Combination With c-jun and/or Ets-2, in

oIFNt Gene Transcription

To investigate whether Cdx2 had an effect on oIFNt
gene transcription, the�654-oIFNt-Luc construct along
with expression plasmids, c-jun, Ets-2, and/or Cdx2,
were transiently transfected into JEG3 orNIH3T3 cells,
and luciferase activities were measured (Fig. 2, Lower
panel). In JEG3 cells, the luciferase activity of �654-
oIFNt-Luc increased more than 30-fold when all three
expression plasmids were co-transfected with the�654-
oIFNt-Luc plasmid. The luciferase activity of �654-

oIFNt-Luc was low when any other combination of
expression plasmids was examined. In NIH3T3 cells;
however, results were quite different from those
detected in JEG3. Although Cdx2 co-transfection alone
elicited two- to fourfold increases, the combination of all
three expression plasmids resulted only in an approxi-
mately eightfold increase (Fig. 2). However, to date this
was the greatest increase elicited by the �654-oIFNt-
Luc construct in a cell type not related to trophoblast/
placenta.

Degree of Transcription With
Deletion Constructs

From the �654-oIFNt-Luc, 30–150 bp of the
upstream region were serially deleted and the resulting

Fig. 1. Immunohistochemical localization of Cdx2 on ovine con-
ceptuses. Whole uteri from days 15 (A,B) and 17 (C,D,E,F,G, andH)
of pregnant ewes (n¼ 3 each) were fixed by infusion of 10% formalin
solution intouterineartery, andwereparaffinembedded.A,C,EandG:
Detection of Cdx2 with rabbit anti-human Cdx2 antibody. B, D, F and
H: Negative control with normal rabbit serum, all of which were
counter-stainedwithmethylgreen except that the ones shown in insets
were counter-stained with hematoxylin. Tr, trophoblast; L, uterine
luminal epithelium; St, stroma. A representative one from three
independent experiments is shown. Black bar, 100 mm. White bar
within the inset, 20 mm.
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fragments were inserted into the pGL3 Basic Vector.
These constructs with or without three expression
plasmids, c-jun, Ets-2, and Cdx2, were transiently
transfected into JEG3 or NIH3T3 cells, and luciferase
activities were measured (Fig. 3). In JEG3 cells, the
�654-oIFNt-Luc construct with the expression plas-
mids caused a 30-fold increase in luciferase activity, but
when shorter oIFNt-Luc constructs were examined,
activities declined rapidly. These results indicated that
a potential Cdx2 binding site could be located between
�654 and �550 bases of the oIFNt gene. In NIH3T3
cells, however, results were again different from those
detected in JEG3. Approximately, 13-fold increase in
luciferase activitywas foundwhen�551-oIFNt-Luc and
�274-oIFNt-Luc constructs with the expression plas-
mids were examined; in these cases, luciferase activity
without the expression plasmids was 3–4 fold higher
thanthatof the�654-oIFNt-Lucconstructalone (Fig.3).

Luciferase Activity With Mutation Constructs

To further investigate effects of Cdx2 on oIFNt gene
transcription, a potential Cdx2 binding site at �581 to
�575 bp on the �654-oIFNt-Luc construct was point

mutated as 50-TTTACTG-30 !50-TTTTGTG-30, and
transfected to JEG3 cells (Fig. 4). Compared with the
wild type, mutation to Cdx2 site of the �654-oIFNt-Luc
construct did not decrease luciferase activity.When this
reporter construct along with c-jun, Ets-2, and Cdx2
expression plasmids was co-transfected into JEG3 cells,
luciferase activity increased 5–6 folds (Fig. 4).However,
the construct withmutation to all c-jun, Ets-2, andCdx2
binding sites exhibited lowered luciferase activity in the
presence or absence of the three expression plasmids.
With themutatedCdx2 expression plasmid at serine 60,
luciferase activity was not completely abolished, rather
it increased up to twofold versus the �654-oIFNt-Luc
without the expression plasmid (Results not shown).

Analysis of DNA and Nuclear Protein Binding by
Electrophoretic Mobility Shift Assay (EMSA)

Based on the deletion analysis, it appeared that
among numerous potential Cdx binding sites located
on the upstream region of the oIFNt gene, the active
Cdx2 binding site is likely located at �581 to �575 bp.
Binding of nuclear proteins fromJEG3 cells to upstream
regions of the oIFNt gene was examined by EMSA

Fig. 2. Cdx2 expression and transcriptional activity of�654-oIFNt-
Luc construct with Cdx2 expression plasmid. Upper: Western blot
analysis. Fifteen micrograms nuclear proteins extracted from JEG3 or
day 17 trophoblast cells were analyzed. A single band of approximately
34 kDa was found when the Cdx2 antibody, not normal IgG, was
applied. Overexpression: proteins extracted from JEG3 cells that had
been transfected with the Cdx2 expression plasmid, D 17: day 17
conceptuses. LowerLeft: Effects of Cdx2, Ets-2, and/or c-jun expression

plasmids on the degree of�654-oIFNt-Luc transcription in JEG3 cells.
Lower Right: Transcriptional activity of �654-oIFNt-Luc construct in
3T3 cells. Lower-Far left: Presence (þ) or absence (�) of expression
plasmid.Resultswere expressed as relative luciferase activity to that of
the�654-oIFNt-Luc constructwithout any expression plasmid. Values
represent mean�SEM. Results with different letters differ at P< 0.01
(n¼ 4 each).
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(Fig. 5). Specific binding with nuclear extracts from
JEG3 cells was observed with the oIFNt Cdx2 probe
(oIFNt Cdx), whereas the mutated Cdx2 probe did not
exhibit any binding with nuclear extracts. Binding
between the oIFNt Cdx2 probe and nuclear extracts
was abolished with the addition of 50-fold-excess
unlabeled oIFNt’s Cdx site sequence, the Cdx site with
AP-1 sequence (AP-1/Cdx), or consensus Cdx2 sequence

(Cdx-C), but was not affected when a consensus AP-1
site sequence (AP-1C) was examined (Fig. 5).

DISCUSSION

Staining for Cdx2 found in day 15 and 17 ovine
conceptuses agrees with the general notion that Cdx2
expression is associated with the trophectoderm (Ral-
ston and Rossant, 2005; Strumpf et al., 2005). Degree of
staining, however,wasnot the samebetweenday 15 and
17 conceptuses. Although the result from this studywas
qualitative, it appeared that as the conceptus attached
to the uterine epithelium, the staining appeared to
subside. Quantitative measurements are still required
for definitive conclusion, but this pattern of Cdx2
expression resembles that of oIFNt expression during
the peri-implantation period (Guillomot et al., 1990).
Guillomot et al. (1990) reported earlier that physical
attachment between the conceptus and endometrium
reduces oIFNt expression. In addition, Nojima et al.
(2004) demonstrated that DNA methylation to oIFNt
gene was initiated on day 17, which was associated with
the reduction in oIFNt gene transcription. Although the
molecular mechanisms by which Cdx2 gene transcrip-
tion subsides are unknown, similar regulatory mechan-
ism might exist between oIFNt and Cdx2 in the ovine
conceptuses.

Studies of the 50-upstream region regulating oIFNt
gene expression have been done previously utilizing
transient transfection methods with human choriocar-
cinoma cell line, JEG3 (Yamaguchi et al., 1999, 2001).
Others also have demonstrated an increase in transcrip-
tional activity when the bIFNt-reporter construct was

Fig. 3. Transcriptional activity of oIFNt-Luc construct that had
been deleted in its upstream region. Upstream regions of oIFNt-o10
construct tested were �654, �551, �440, �274, �123, �87, or �58
bases. Each of these constructs in the presence or absence of Cdx2, Ets-
2, and c-jun expression plasmids (C/E/j or no C/E/j, respectively) was

transfected into JEG3 or NIH3T3 cells, and luciferase activity was
determined. Results were expressed as relative luciferase activity to
that of the�654-oIFNt-Luc construct without any expression plasmid.
Values represent mean�SEM. Results with different letters differ at
P< 0.01 (n¼4 each).

Fig. 4. Transcriptional activity of mutated �654-oIFNt-Luc con-
struct at AP-1, Ets-2, and/or Cdx. Results were expressed as relative
luciferase activity to that of the �654-oIFNt-Luc construct (WT)
without any expression plasmid. Values represent mean�SEM.
Results with different letters differ at P<0.01 (n¼ 4 each). A/E/C:
mutation to AP-1, Ets-2, and Cdx binding sites.
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transiently transfected into choriocarcinoma JAR cells
(Ezashi et al., 1998; Ezashi et al., 2001). However,
trophoblast cell-specific expression of the IFNt gene has
not been definitively proven. This study represents the
first experiments that utilized a trophoblast lineage-
specific transcription factor, Cdx2, to study the mole-
cular mechanisms regulating IFNt gene expression.
Observation in which the transient transfection studies
using JEG3 cells showed strong luciferase activity in
this study agreed with those of Yamaguchi et al. (1999,
2001). Deletion analysis of the oIFNt gene’s upstream
region with transcription factor expression constructs
revealed the importance of a Cdx2 binding site (�581 to
�575) in the enhancer region. Yamaguchi et al. (1999)
had postulated the existence of another transcription
factor that would bind to the region next to the AP-1
binding site in the enhancer region. Within the region
next to the AP-1 site, there are numerous binding sites
for a transcription factor with zinc finger DNA-binding
domain, GATA; however, co-transfection of GATA1 or
GATA2 expression plasmid did not increase oIFNt gene

transcriptionwhen examined in JEG3 cells (Yamaguchi
et al., 1999). This postulate was supported by EMSA
analysis, demonstrating the specific binding of JEG3
nuclear proteins to theCdx recognition sequence located
next to the AP-1 site in the oIFNt enhancer region. A
protein bound to the Cdx2 probe appeared to be Cdx2,
because the binding was abolished with excess unla-
beled oIFNt’s Cdx2 or AP-1/Cdx2, or consensus Cdx2
sequence, but not with the consensus AP-1 sequence.

DNA transcription is regulated in complex manners,
with numerous factors affecting a single gene transcrip-
tion or a single transcription factor affecting transcrip-
tion of many genes. In addition to relative quantity,
activation or inactivation of transcription factors (e.g.,
via phosphorylation) may also be important in the
regulation of IFNt gene transcription. Mutation to
the phosphorylation site at serine 60 residue within
the Cdx2 activation domain reduced the effectiveness
of Cdx on oIFNt gene transcription. However, a loss of
phosphorylation to the serine 60 residue did not abolish
IFNt-reporter transcription, suggesting that in addition
to the serine 60, there aremore phosphorylation sites on
this protein, which could contribute to the upregulation
of IFNt-reporter transcription. Expression of Cdx along
with c-jun and Ets-2 in NIH3T3 cells did not increase
oIFNt gene transcription to the degree exhibited in
JEG3 cells, suggesting that Cdx alone is not sufficient to
convert NIH3T3 cells to trophoblast-like cells. Consid-
ering that at an early embryonic stage Cdx2 expression
was found only in trophoblast cells, and mutation to the
Cdx2 gene resulted in embryonic lethality (Chaweng-
saksophak et al., 1997), activation of AP-1/Ets-2, Ras/
MAPK (Ezashi and Roberts, 2004), unidentified fac-
tor(s), and/or their interactions with Cdx2 could be key
elements that determine cell-specific activation of IFNt
gene expression. In fact, CREB binding protein (CBP),
known as a transcriptional co-activator, was suggested
to activate the oIFNt gene transcription by connecting
AP-1 and Ets-2 to the basal transcription apparatus (Xu
et al., 2003). Another potential transcriptional regulator
of IFNt could be Oct-4, previously demonstrated by
Ezashi et al. (2001). It was shown that Cdx2 turns off
Oct-4 in trophectodermal cells (Strumpf et al., 2005),
which would derepress IFNt, resulting in upregulation
of IFNt with c-jun, Ets-2, and Cdx2. In addition to
potential involvement of a co-activator and/or co-
repressor, epigenetic regulation such as DNA methyla-
tion, histone acetylation, and related effects on chroma-
tin structure are undoubtedly involved in oIFNt gene
transcription.

In addition to the proximal promoter located within
�120 bases of IFNt’s upstream region, whether the
distal enhancer region (�654 to�551 bases) is required
for IFNt gene transcription has been debated (Yama-
guchi et al., 1999, 2001; Ezashi and Roberts, 2004).
Ezashi and Roberts (2004) have emphasized that the
distal enhancer region of IFNt genes is poorly conserved
across ruminant species and is not even present in
the bovine gene. The gene examined in our laboratory
had been described by Nephew et al. (1993), and the

Fig. 5. Electrophoretic mobility shift assay (EMSA) analysis on the
enhancer region containing Cdx binding site. Upper: The sequences of
oIFNt-o10’s upstream region examined through EMSA. Lower:
Binding of nuclear protein to the sequences. Binding of nuclear protein
extract from JEG3 cells to g-32P labeled-oligonucleotide probes was
examined. Specificities of the shifted bandswere examined through the
addition of molar excess nonlabeled oligonucleotide of the same
sequences (Cdx, 10- or 50-fold), Cdx/AP-1 (50-fold), Cdx consensus
(Cdx-C, 50-fold), and AP-1 consensus (AP-1C, 50-fold) sequences. A
representative EMSA gel from three independent analyses is shown.
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nucleotide sequence of the gene is identical to the one
independently isolated and characterized by Charlier
et al. (1991). Our experiments performed here and
earlier (Yamaguchi et al., 1999, 2001; Matsuda et al.,
2004) indicated that although the proximal promoter is
undoubtedly required, the far upstream of the distal
enhancer region is also necessary for the potentiation of
oIFNt gene transcription. Furthermore, AP-1-like and
Cdx binding sites are also found in the proximal region
of oIFNt gene. However, luciferase activity from the
constructs with mutated AP-1 like and/or Cdx binding
sites of the proximal promoter regionwas similar to that
of the�654-oIFNt-Luc reporter construct (K. Imakawa,
unpublished observation). Therefore, the AP-1 and Cdx
binding sites functional for oIFNt expression appear to
be located in the distal enhancer region.

A cytokine, fibroblast growth factor (FGF), signaling
is required for cell divisions leading to the blastocyst
(Chai et al., 1998) and for proliferation of both
trophoblast and primitive endoderm at the blastocyst
stage (Rappolee et al., 1994). Ablation of Oct-4 results in
the generation of only trophoblast cells (Nichols et al.,
1998). In mice, trophoblast stem cell lines cannot be
obtained fromCdx2�/� embryos, althoughhomozygous
ES cells are obtained (Ralston and Rossant, 2005). In
addition to FGF, trophoblast formation thus requires
loss of Oct-4 and gain of Cdx2 expression. Furthermore,
overexpression of Oct-4 in transient transfection assays
reduced the degree of IFNt gene transcription (Ezashi
et al., 2001; K. Imakawa, unpublished observations). It
is not clear whether there is a direct network between
FGF, Oct-4, and Cdx2 in the developing conceptuses of
ruminant ungulates. It is still possible that Oct-4, Cdx2,
FGF, and possibly other factor(s) are involved in
determining temporal and spatial expression of IFNt
genes by the trophoblast. Moreover, it has been debated
whether conceptus IFNt production is regulated or
influenced by endometrial factors. There is some
indication that conceptus IFNt expression is influenced
by endometrial cytokines (Ko et al., 1991; Imakawa
et al., 1993; Ezashi and Roberts, 2004), although some
results have been disputed. Therefore, further investi-
gations are required to determine whether the expres-
sion of conceptus transcription factors is regulated by
maternal factors, and to elucidate molecular mechan-
isms by which IFNt is expressed in a temporal and
spatial manner.
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