
INTRODUCTION

Interferon-tau (IFNT) is known as a major conceptus 

protein that initiates the process of maternal recognition 

of pregnancy in ruminant ungulates. For a pregnancy 

to be established, conceptus recognition by the mother 

through physical and/or biochemical signaling is re-

quired, and is known as the process of maternal recogni-

tion of pregnancy (Short et al., 1969). IFNT, produced by 

peri-implantation blastocysts, is a major protein involved 

in the process of maternal recognition of pregnancy in 

ruminant ungulates (Godkin et al., 1982; Imakawa et 
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ABSTRACT    Interferon tau (IFNT) regulation, an anti-luteolytic factor produced by 
conceptuses of the ruminant ungulates, is essential for the maintenance of early 
pregnancy, but a definitive mechanism for its temporal transcription has not been 
elucidated. We and others have observed the T-box protein eomesodermin (EOMES) 
exhibited high mRNA expression in the ovine embryonic trophectoderm; thus, both 
caudal-relatedhomeobox-2 (CDX2) and EOMES coexist during the early stages of 
conceptus development. Objective of this study was to examine the effect of EOMES on 
ovine IFNT gene transcription when evaluated with CDX2, ETS2 and AP1 transcription 
factors implicated in the control of cell differentiation in the trophectoderm. In 
this study, quantitatively via reverse transcription-polymerase chain reaction (RT-
PCR) analysis between ovine trophoblast cells was initially performed, finding that 
transcription factors CDX2 and ‘EOMES transcription factor mRNAs’ were specific 
to trophectoderm cells. These mRNAs were also found in days 15, 17, and 21 ovine 
conceptuses. Furthermore, human choriocarcinoma JEG3 cells (trophoblast cell line) 
were cotransfected with an ovine IFNT (-654bp)-luciferase reporter (-654-oIFNT-Luc) 
construct and several transcription factor expression plasmids. Cotransfection of the 
reporter construct with CDX2, ETS2 and AP1 increased transcription of -654-oIFNT-
Luc by about 11-fold compared with transfection of the construct alone. When cells 
were initially transfected with EOMES followed by transfection with CDX2, ETS2 and/
or AP1, the expression of -654-oIFNT-Luc was decreased. Also, EOMES factor inhibited 
the stimulatory activity of CDX2 alone. These results suggest that when conceptuses 
attach to the uterine epithelium, ovine IFNT gene transcription is down-regulated by an 
increase of EOMES factor expression in the attached ovine trophoblast cells.
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al., 1987; Roberts et al., 1992). IFNT is secreted into the 

uterine lumen by the mononuclear trophectoderm of the 

conceptus (Roberts et al., 1992; Imakawa et al., 2004). 

IFNT acts to decrease endometrial oxytocin and estrogen 

receptors, which attenuates episodic prostaglandin F2a 

(PGF2a) secretion and in turn results in the prevention of 

luteolysis (Vallet et al., 1988; Spencer and Bazer, 1996). 

Secretion of ovine IFNT (oIFNT) starts on day 8-9 of preg-

nancy (day 0 = day of estrus), peaks on day 16-17, and 

then declines rapidly (Godkin et al., 1982; Ashworth et al., 

1989; Farin et al., 1989). 

Expression of trophoblast IFNT is regulated in a tempo-

ral and spatial manner. However, molecular mechanisms 

by which IFNT gene transcription is regulated in this 

manner have not been fully elucidated. In the 5’-upstream 

sequences of the ovine IFNT gene, there is a promoter 

region with an ETS2 binding site at the equivalent loca-

tion of the bovine counterpart. Ezashi et al. (1998) dem-

onstrated that the transcription factor ETS2 binds to the 

promoter region from -79 to -70 bases (transcription-ini-

tiation site is +1) of the bovine IFNT gene, and that ETS2 

transactivates a bovine IFNT-reporter construct in human 

choriocarcinoma JAR cells. In addition, the 5’-upstream 

region of the IFNT gene, ovine IFNT, which has been 

extensively studied by Yamaguchi et al., (1999; 2001), by 

transient transfection of reporter constructs with deleted 

or mutated 5’-upstream regions of the ovine IFNT gene in 

human choriocarcinoma JEG3 cells, an AP1 recognition 

binding site in the distal enhancer region (between -654 

and -555) bases was shown to be effective in ovine IFNT-

reporter transactivation (Yamaguchi et al., 1999; 2001). 

Moreover, a transcription coactivator, cAMP-response el-

ement binding protein (CREB)-binding protein (CREBBP), 

the formation of a protein complex between CREBBP, 

AP1, and ETS2 is required for IFNT gene transcription (Xu 

et al., 2003). Also, the unique expression of the IFNT gene 

could be mainly regulated by CDX2 (Imakawa et al., 2006; 

Sakurai et al., 2009; 2010). It was also shown that caudal-

type homeobox transcription factor 2 (CDX2) is expressed 

in the ovine and bovine trophoblasts during the concep-

tus elongation period (Degrelle et al., 2005; Imakawa et 

al., 2006). 

Furturemore, Guillomot et al. (1990) and Imakawa et 

al. (2006) demonstrated that IFNT expression decreased 

as the trophoblast attached to the uterine epithelium. 

Degrelle et al. (2005) demonstrated that T-box protein 

eomesodermin (EOMES) expression is located in embry-

onic and extra-embryonic tissues of bovine elongating 

conceptuses. The EOMES is a prime candidate for IFNT 

gene down-regulation because it is expressed in the 

trophectoderm lineage and is thought to perform essen-

tial functions in trophectoderm development in mice and 

ovine and bovine (Hancock et al., 1999; Russ et al., 2000; 

Sakurai et al., 2009; Sakurai et al., 2013). These findings 

indicate that the attachment of trophectoderm to the 

uterine epithelium could be an important determinant 

for the decrease in IFNTexpression. Therefore, the pres-

ent study was to find a transcription factor involved in 

the regulation of IFNT genes, reverse-transcriptase PCR 

were used to study various transcription factor mRNAs in 

Days 15, 17, and 21 trophoblasts of pregnancy. Also, we 

examined a direct relationship, if any, between EOMES 

and other transcription factors, which have been shown 

to be involved in ovine IFNT gene transcription, on ovine 

IFNT expressios. Therefore, objectives of this study were 

to demonstrate that EOMES is involved in transcription of 

the ovine IFNT gene, and to elucidate molecular mecha-

nisms by which ovine IFNT gene transcription could be 

down-regulated through EOMES factor expression during 

the peri-implantation period.

MATERIALS AND METHODS

Animals and RNA extraction and RT-PCR 
Conceptus tissues were supplied by the Laboratory of 

Animal Breeding at the University of Tokyo. Total RNAs 

from on the days 15, 17 and 21 conceptuses tissues (80 

to 100 ng) were extracted using Isogen Reagent (Nippon 

Gene, Toyama, Japan) according to the protocol provided 

by the manufacturer. The RNA extracted from each sam-

ple then underwent reverse transcription (RT) into cDNA 

using oligo(dT) 12-18 primers and SuperScript II (Gibco 

BRL Life Technologies, Rockville, MD) according to the 

protocol suggested by the manufacturer, and these RT 

products were used as templates for PCR analysis. Levels 

of IFNT, CDX2, and EOMES mRNAs in peri-implantation 

conceptuses were examined by PCR with specific primers 

(Table 1). The PCR mixture consisted of 1 mL of RT prod-

uct, 1 mL of 10X PCR buffer, 0.4 mL each of forward and 

reverse primers (10 pM), 0.2 mL of dNTP mixture (10 mM), 

0.3 mL of MgCl2 (50 mM), 6.6 mL of ddH2O, and 0.1 mL of 

Taq DNA polymerase (5 U/mL; Invitrogen, Carlsbad, CA). 
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The PCR was performed under the following conditions: 

94oC for 5 min, followed by 30 cycles of 94oC for 1 min, 

57oC for 1 min, and 72oC for 1 min. The PCR product was 

analyzed by electrophoresis on 1% agarose gel stained 

with ethidium bromide. ACTB mRNA was used as an in-

ternal control.

Plasmid constructions
The upstream region of ovine IFNΤ (IFNT, Nephew et 

al., 1993: GenBank accession number M60903) between 

-654 and -51 bp and its transcription factor binding site 

mutants were amplified through polymerase chain reac-

tion (PCR) with specific primers (Yamaguchi et al., 1999). 

The PCR product was inserted into the pGL3 basic vector 

(Promega), consisting of a firefly luciferase gene. All ex-

pression vectors, pSG5 (Promega)-based constructs, were 

driven by the SV40 promoter/enhancer. These plasmid 

constructs were each confirmed to have expected nucleo-

tide sequences by dideoxy sequencing.

Cell culture and transient transfection
Human choriocarcinoma JEG3 cells (HTB36, American 

Type Culture Collection) were cultured in Dulbecco’s 

modified Eagle’s medium (DMEM; Sigma-Aldrich, St. Lois, 

MO) supplemented with 10% (v/v) fetal bovine serum (FBS; 

Sigma-Aldrich), 40 U/mL penicillin, and 40 mg/mL strep-

tomycin under 5% CO2 at 37oC. One day before transient 

transfection was performed, JEG3 cells were re-plated 

onto 24-well plastic culture plates and at 60%-70% con-

fluency, they were transiently transfected with reporter 

construct and/or expression plasmids using Trans-Fast (3 

mL, cationic lipids, Promega) according to the manufac-

turer’s protocol. In each well of 24-well plates, 1 mg total 

plasmid DNA was added in duplicate (12 treatments/plate, 

n = 4) in 200 mL DMEM. After 1 hr incubation at 37oC, 1 

mL of DMEM containing 10% FBS was added to each well 

and transfected cells were cultured for 48 hr. To normal-

ize transfection efficiency, pRL-TK vector (containing 

herpes simplex virus thymidine kinase promoter and Re-

nilla luciferase gene, Promega) along with each of pGL3 

vector was transfected into JEG3 cells. The ratio of pGL3 

vector to pRL-TK vector was optimized at 160 : 1 (800 ng 

: 5 ng). In co-transfection experiments, plasmids of pGL3 

vector (800 ng), expression vector (in total of 140  ng) and 

pRL-TK vector (5 ng) were added to the medium. When 

two or more kinds of expression vectors were cotrans-

fected, the ratio of these plasmids were 1 : 1 : 1 (35 ng : 

35 ng : 35 ng). Throughout cotransfection studies, total 

amounts of expression plasmids were kept constant using 

the pSG5-based empty plasmid. For a 0/24 h transfection 

experiment, the initial transfection at 0 h was performed 

as aforementioned. At 24 h of incubation, the medium 

containing 10% FBS was replaced with medium without 

FBS, and transfection of an expression plasmid(s) was 

performed in the same manner. These cells were incu-

bated for 24 more hours. 

Nuclear protein extraction, Western blot analyses 
Nuclear proteins were extracted from expression con-

structs-transfected JEG3 cells (5 × 106 cells) following the 

protocol described by Matsuda et al. (2004). Concentra-

tions of nuclear extracts were determined using Bio-Rad 

Protein Assay Dye Reagent Concentrate (Bio-Rad Labora-

tories, Hercules, CA). 10 mg nuclear extracts were loaded 

onto each lane and separated by 10% SDS-polyacrylamide 

gel electrophoresis (SDS-PAGE). Proteins in the gel were 

transferred onto Polyvinylidene difluoride (PVDF) mem-

brane (pore size: 0.45 mm, Millipore, Bedford, MA) using 

electro-blotting method (Matsuda et al., 2004) and then 

treated with rabbit polyclonal antibody against the DNA 

binding domain of N-terminus of human CDX2 (ab22586, 

0.04 mg/mL, Abcam, Cambridge, UK), of mouse EOMES 

(ab23345, 0.04 mg/mL, Abcam, Cambridge, UK). The 

normal rabbit IgG (Sigma-Aldrich) was used for negative 

control. The membrane was treated with the secondary 

antibody, horseradish peroxidase conjugated anti-rabbit, 

anti-goat or anti-mouse donky IgG (Amersham Pharma-

cia Biotech, Buckinghamshire, UK) and then detected by 

ECL western blotting detection system (Amersham Phar-

macia Biotech).

Table 1. Oligonucleotide primers for RT-PCR analysis

Gene 

name

Accession  

gene bank

Primer of forword  

and reverse
Length (bp)

IFNT  M60903 F: cagaaaagactttggtcttcc 166

R: agtgcagagctgctccagga

CDX2  XM_871005 F: tatcaccatccggaggaaag 414

R: gagggctaggtcagctggta

EOMES  XM_001251923 F: actggttcccactggatgag 226

R: cacagcaatgaactgcgttt

ACTB  BC102948 F: ctcttccagccttccttcct 178

R: gggcagtgatctctttctgc 
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Statistical analysis
The results of luciferase assays were expressed as means 

± SEM. Differences in fold activation (luciferase activity) 

were examined by ANOVA, followed by multiple compari-

sons using Fisher’s least significant difference test. 

RESULTS

Co-existence of CDX2 and EOMES mRNA, and 

proteins from expression constructs
Levels of CDX2 mRNA were highest on days 15 and 17 

conceptuses, of which expression pattern was similar to 

that of IFNT mRNA. Strong expression of EOMES mRNA 

was detected on days 17 and 21 of gestation (Fig. 1A). Ef-

ficacy of pSG5 based-CDX2 and/or EOMES expression vec-

tors were examined through the transient transfection into 

JEG3 cells from which nuclear proteins (cell lysates) isolated 

were subjected to western blot analysis: All expression con-

structs exhibited proteins of expected sizes (Fig. 1B). 

Effects of EOMES on IFNT gene transcription in JEG3 

cells
To examine the effect of CDX2 and/or EOMES on ovine 

IFNT gene transcription, the -654-oIFNT-Luc construct 

with each or combination of transcription factor, was co-

transfected into JEG3 cells, and luciferase activities were 

measured (Fig. 2). Luciferase activity increased about 50% 

from the control (Mock) when CDX2 (100 ng) along ex-

pression plasmid was present. However, when JEG3 cells 

were cotransfection of CDX2 (100 ng) expression plasmid 

with EOMES (20 to 50 ng), The degree of transcriptional 

activation of the IFNT gene was gradually decreased by a 

EOMES expression plasmid. Whereas, when EOMES (100 

IFNT

CDX2

EOMES

ACTB

CDX2

b-actin

EOMES

b-actin

37 kDa

42 kDa

76 kDa

42 kDa

Mock

Over
expression

D15 D17 D21
A B

Fig. 1. Semi-quantitative RT-PCR showing the presence of tran-
scription factor mRNAs in the ovine conceptuses and western 
blots showing proteins produced from expression vectors. (A) 
Relative amounts of IFNT, CDX2 and EOMES mRNAs in on day 
15, 17, and 21 ovine conceptuses. RNAs extracted from frozen 
bovine conceptuses were analyzed for the presence of these 
transcripts using RT-PCR. (B) The efficacy of all pSG5-based 
CDX2 and EOMES expression vectors was examined via tran-
sient transfection into JEG3 cells, from which nuclear proteins 
(cell lysates) were isolated and subjected to western blot analy-
sis with three independent replications. ACTB was used as the 
internal control. 
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Fig. 2. Changes in the degree of ovine IFNT-reporter transactivation by EOMES and CDX2. Relationships of upstream of respective 
genes on the pSG-CDX2, and/or coactivator pSG-EOMES were tested by the expression level of luciferase. Luciferase-reporter plas-
mids (-654-oIFNT-Luc) containing the upstream region (positions -654 bp to +51 bp) were cotransfected into JEG3 cell with combina-
tion of pSG-CDX2, and/or pSG-EOMES. Luciferase activities are expressed as fold increase relative to those of control (-654-oIFNT-
Luc construct) and the data are show as means ± SEM (n = 4 each). *p < 0.05, when compared to the luciferase activity of Mock 
(transfrection control plasmid without a transcription factor cDNA).
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ng) along expression plasmid was present, Luciferase ac-

tivity decreased about 40% from the control (Mock). But, 

the degree of transcriptional activation of the IFNT gene 

was gradually increased by a CDX2 expression plasmid, 

when JEG3 cells were cotransfected with the EOMES (100 

ng) and CDX2 (20 to 50 ng) expression plasmid. 

Effects of AP1, CDX2, ETS2 and EOMES on IFNT gene 

transcription in JEG3 cells
To investigate whether EOMES had an effect on ovine 

IFNT gene transcription, the -654-oIFNT-Luc construct 

along with expression plasmids, AP1, ETS2 and/or CDX2, 

were transiently transfected into JEG3 cells, and luciferase 

activities were measured. In these data sets, the luciferase 

activity of the -654-oIFNT-Luc construct transfected with 

two or three expression plasmids increased approximately 

9 to 11-fold as compared to that of the the -654-oIFNT-

Luc construct alone (Fig. 3). EOMES exhibited an inhibi-

tory effect on the the -654-oIFNT-Luc transcription when 

each of ETS2, AP1 and/or CDX2, or ETS2/AP1 together 

with the reporter construct was transfected into JEG3 

cells. However, EOMES was not effective in suppressing 

the degree of the -654-oIFNT-Luc transcription when 

CDX2 along with EOMES was cotransfected into JEG3 

cells. 

Examination of AP1, CDX2 and/or ETS2 binding sites 

on IFNT gene transcription
To investigate whether each of three transcription fac-

tors, AP1, ETS2 and/or CREBBP, is required to bind the 

appropriate site of ovine IFNT genes, the binding sites 

of the the -654-oIFNT-Luc construct was mutated and 

transfected into JEG3 cells along with the three transcrip-

tion factors. The the -654-oIFNT-Luc construct with any 

of binding site(s) mutated exhibited reduced luciferase 

activities (Fig. 4). Transcription factors, AP1, ETS2 and 

0
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CDX2/ETS2
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Fig. 3. Transativation assay of enhancer/promoter region of 
ovine IFNT-reporter gene. Relationships of upstream of respec-
tive genes on the CDX2, ETS2, AP1 and/or co-activator EOMES 
were tested by the expression level of luciferase. Luciferase-
reporter plasmids (-654-oIFNT-Luc) containing the upstream 
region (-654 to +51) were cotransfected into JEG3 cell with 
combination of CDX2, ETS2, AP1 and/or EOMES. Values rep-
resent means ± standard error of the mean from three inde-
pendent experiments, with replicates within an experiment. *p 
< 0.05, when compared to the luciferase activity of Mock. #, 
Statistically significant difference in luciferase activity (p < 0.05) 
in the presence of Eomes expression plasmid.
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Fig. 4. Examination of the effect of 
transcription factor binding sites on 
IFNT gene transcription. The tran-
scription factor binding site-mutated 
-654-oIFNT-Luc construct cotrans-
fected with AP1, ETS2 and CDX2 had 
reduced luciferase activities. In addi-
tion, cotransfection of EOMES expres-
sion plasmid along with AP1, ETS2 and 
CDX2 did not change the degree of 
luciferase activity, which had already 
been reduced due to mutated-tran-
scription factor binding sites. Values 
represent means ± standard error 
of the mean from three independent 
experiments, with replicates within an 
experiment. *p < 0.05, when compared 
to the luciferase activity of Mock. #, 
Statistically significant difference in lu-
ciferase activity (p < 0.05) in the pres-
ence of Eomes expression plasmid.
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CREBBP, may form a complex(es) required for the ovine 

IFNT gene transcription, and each of complex compo-

nents requires its binding to an appropriate site of the 

upstream region of ovine IFNT gene. In addition, cotrans-

fection of EOMES expression plasmid along with AP1, 

ETS2 and CREBBP did not change the degree of luciferase 

activity, which had already been reduced due to mutated 

binding sites. 

DISCUSSION

Expression of ovine interferon-tau, necessary for preg-

nancy establishment in ruminant ungulates, drastic in-

crease followed by a rapid decrease during early pregnan-

cy in the trophoblast. However, molecular mechanisms by 

which IFNT gene transcription is down-regulation in this 

manner have not been fully elucidated. It was predicted 

that EOMES expression subsides before the initiation of 

conceptus attachment (Sakurai et al., 2013). It appears 

now that EOMES expression does not subside before tro-

phoblast attachment, rather, its expression may persist 

toward the period of placental formation (Kurosaka et al., 

2004; Degrelle et al., 2005).

We demonstrated in this study was to examine the co-

existence of CDX2 and EOMES mRNA in the days 15, 17 

and 21 conceptuses. Expression for CDX2 predominated, 

compared to those for EOMES, during the period of ma-

ternal recognition of pregnancy (day 15-17). Coexpression 

of the CDX2 with EOMES mRNA was evident (day 15-21), 

CDX2 were highly expressed on day 15, 17 and expression 

was gradually weakly detectable on day 21. However, the 

expression of other EOMES factor was weakly expressed 

on day 15 and expressed were highly detectable on day 17 

and 21 ovine conceptuses (Fig. 1). Collectively, perhaps 

more interestingly, a conceptus specific and temporal 

pattern of gene expression was observed in this study. 

More specifically, there appears to be a transition from 

trophoblastic and CDX2 and EOMES factor expression. In 

addition, CDX2 and EOMES were a transcription factor 

associated with the up-regulation and down-regulation 

of ovine IFNT gene transactivation (Figs. 3 and 4). In this 

study, the relative abundance of transcription factor tran-

scripts, which have been demonstrated to regulate ovine 

IFNT gene transcription, were evaluated. Luciferase activ-

ity assay resulted from the upstream region of ovine IFNT 

gene transfected to JEG3 cell reflected the transcripts of 

ovine IFNT gene in the utero. These results indicated that 

the expressions of ovine IFNT gene is regulated at tran-

scriptional level and transient transfection analyses using 

JEG3 cell and also demonstrated that high and low ex-

pression levels from CDX2 and EOMES transcription fac-

tor, respectively. 

The euchromatin state and transcription factor complex 

formation with AP1/CREBBP/ETS2 are required for the 

maximum IFNT transcription in human choriocarcinoma 

JEG3 cells (Ezashi et al., 1998, 2008; Xu et al., 2003; Imak-

awa et al., 2006;  Kim et al., 2013). Among these factors, 

CDX2 was the most effective in increasing ovine IFNT-

reporter transactivation (Imakawa et al., 2006; Sakurai et 

al., 2009). Data from the present study indicate that co-

transfection of CDX2 with ETS2 and AP1 into JEG3 cells, 

which possess CREBBP, but do not express CDX2, resulted 

in the greatest bovine and ovine IFNT gene transcription, 

supporting the finding that CDX2 is required for IFNT 

CREBBP
CREBBP

AP1
ETS2

CDX2

AP1
ETS2

EOMES

ORF
ORF

Attachment

8 16 21

Days after ovulation

IFNT
expression

CDX2:EOMES
ratio

Fig. 5. Model showing of hypothesis 
mechanism of ovine IFNT gene regula-
tion during early pregnancy. A dramat-
ic increase in IFNT gene expression, 
when CDX2 expression predominates 
and formation of CREBBP/ETS2/AP1 
complex during the pre-attachment 
period in the ovine uterine (left). 
Whereas, a dramatic decrease in IFNT 
gene expression from the decrease 
of CDX2 expression and association 
of EOMES with the CREBBP/ETS2/AP1 
complex, when conceptus attaches to 
the uterine epithelium (right).
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gene transcription (Imakawa et al., 2006; Sakurai et al., 

2009). However, exhibited inhibitory effects of EOMES on 

ovine IFNT gene transactivation was observed even when 

CDX2 with ETS2 and AP1 were cotransfected with EOMES 

into JEG3 cells, indicating that the expected decrease in 

luciferase activity brought forth by CREBBP and either 

ETS2 and/or AP1 was down-regulated by EOMES transfec-

tion. Furthermore, AP1 with CDX2 and ETS2-like binding 

sites were demonstrated in the proximal promoter region 

of ovine IFNT and bovine IFNT genes (Ezashi et al., 1998; 

Yamaguchi et al., 2000; Imakawa et al., 2006; Sakurai et 

al., 2009; 2013). However, AP1-like binding site of the 

ovine IFNT gene promoter region were not detected.

Based on these observations, we propose the following 

molecular mechanism for ovine IFNT gene up-regulation 

down-regulation proceeds as follows (Fig. 5). These data 

suggest that increase in CDX2 is required for the degree 

of ovine IFNT gene transcription seen during the pre-

attachment period. But, due to a decrease in the expres-

sion of CDX2 after attachment of conceptus to the uterine 

epithelium. Also, at the identical time, the expression of 

EOMES is increased, these results suggest that although 

EOMES did not bind directly to the promoter region of the 

ovine IFNT gene, EOMES then associate with the AP1 and 

CREBBP and ETS2 complex, negatively affecting its ability 

to maintain high ovine IFNT transcription, thus contrib-

ute to the down-regulation of ovine IFNT transactivation, 

for successful pregnancy.
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