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Trophoblast cells originated from trophectoderm that constitutes the outermost
layer of the blastcyst, and defined as a cell population that differentiate at the
earliest stage of the fertilized embryo generation process, together with the inner
cell mass that will form the fetus in the future. Trophoblastic mononuclear cells
(MNC) produce interferon—tau (IFNT), a trophoblast specific molecule, prior to
implantation and are deeply involved in pregnhancy maintenance through suppression
of prostaglandin F2 o production in the endometrium. Since IFNT functions as a
pregnancy recognition substance, it is released into maternal blood stream and acts
on peripheral blood leukocytes to increase expression of a group of genes called
Interferon—stimulated genes (ISGs), so that the early pregnancy diagnosis method has
been proposed with ISGs expression of peripheral blood leukocytes as indicators.
However, no pregnancy diagnosis method has been established until 21 days after
artificial fertilization.

It is known that bovine trophoblast cells differentiate into trophoblastic
binucleate cells (BNC) in part from around implantation, and then they compose about
20% of total trophoblast cells in the outermost layer of cotyledon throughout gestation.
It is thought that BNC produce BNC-specific molecules such as bovine placental
lactogen and prolactin-related proteins, and play an important role in maintenance
of pregnancy and growth of fetuses; many characteristics and functions have not been
revealed.

In this study, focusing on BNC and a specific molecule produced by trophoblast
cells, experiments were conducted with the purpose of 1) verification of the influence
of IFNT on peripheral blood leukocytes, 2) development of a novel IFNT detection
system using cultured cells and elucidation of the characteristic of IFNT and 3)
Elucidation of the characteristics of BNC using global gene expression analysis

In the first chapter, in order to gather fundamental knowledge that will contribute
to early pregnhancy diagnosis of cattle, [ attempted to identify cell types highly
responsive to IFNT, analyze signal transduction systems activated by IFNT, and
discover of new IFNT responsive genes. As a result of measuring the expression level
of 1SGs using quantitative PCR (qPCR), it was revealed that granulocytes have higher
reactivity with recombinant IFNT (rIFNT) than mononuclear cells. This indicated that
granulocytes are more appropriate as the cell type used for early pregnancy diagnosis.



Ingenuity pathway analysis following a global gene expression analysis identified
that the Janus kinase—Signal transducers and activators of transcription (JAK-STAT)
signaling pathway as a signaling system of rIFNT in granulocytes. It is known that
the JAK-STAT signaling pathway universally functions as a signhaling system of type
I IFN, and it is suggested that even in granulocytes, the stimulation of IENT transfers
intracellularly with the same mechanism as other cells. Five genes were identified
as new candidates for early pregnhancy diagnosis marker gene. These genes may
contribute to the establishment of a more sensitive pregnancy diagnosis method.

In the second chapter, I attempted to create a convenient and highly sensitive
assay system to IFNT using the ISG15 promoter region. I also examined the difference
in the action mechanism between IFNT and IFNA, a typical type I IFN, using the assay
system created. As a result of measuring the expression level of ISGs using gPCR,
it was revealed that ISG15 had high reactivity with IFNT in MDBK cells .As a result
of the promoter assay, it was suggested that the ISRE which present in the upstream
region —400 to —200 of ISG15 upregulates the reactivity to IFNT. I stably introduced
a reporter system for IFNT using promoter upstream of ISG 15 into MDBK cells and
constructed a novel assay system for detecting IFNT. This assay system showed high
reactivity to type I IFN. This assay system does not use virus for construction, it
can be carried out relatively inexpensively and a limit of detection was about 0.4
ng/mlL, so it may be an IFNT detection/quantification system to replace the cytopathic
assay. As aresult of measuring the activation of the mitogen—activated protein kinase
(MAPK) signaling pathways using Western blotting, IFNT and IFNA did not activate the
p44/42 MAPK signaling pathway, while IFNT and IFNA both activated the p38 MAPK
signaling pathway. However, activation of the p38 MAPK signaling pathway by IFNT was
lower than activation by IFNA. It was suggested that IFNT has higher ability to
activate JAK-STAT signaling pathway, but activation ability of p38 MAPK signaling
pathway is lower than IFNA. This may be responsible for the functional properties
of high antiviral activity and low cytotoxicity of IFNT.

In the third chapter, I collected BNC and MNC using LCM and tried to elucidate
the characteristics of BNC by a global gene expression analysis using microarray.
A global gene expression analysis was performed between BNC and MNC, and it was
revealed that about 1450 genes were differentially expressed between BNC and MNC.
IPA analysis was performed on these differentially expressed genes, and reduction
of oxidative stress and enhancement of motility were presumed by BNCs due to many
factors including Phosphoinositide 3-kinase signal. 1 searched for genes whose
expression level was increased in BNC and found Leukemia inhibitory factor receptor
(LTIFR). Analysis of mRNA and protein expression of LIFR and its related molecules,
gp130 and Leukemia inhibitory factor (LIF) in placental and endometrium tissues and
BNC-induced cultured trophoblast cells using gPCR and immunostaining revealed that
LIFR was highly expressed in almost all BNC, gpl30 was highly expressed in some BNC
and endometrial gland cells, and mRNA of LIF was highly expressed in the uterine
inter—caruncle region. From these facts, it was suggested that the characteristics
and functions of BNC are influenced by LIF, and the production of LIF itself is also
under autocrine control by LIF itself. In order to clarify the effects of PI3K and
LIF to BNC, I attempted to analyze the effect of PI3K inhibitor and rLIF on NC—induced



cultured trophoblast cells, but these effects were not confirmed.

In this study, some functional property of bovine trophoblast cells and their specific
molecules were clarified. We believe that the results obtained in this study not only
contribute to improvement of productivity through improving the conception rate of
cattle but also provide universal knowledge on mammalian pregnancy.



