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ABSTRACT OF DISSERTATION
CLONING BOVINE INTERFERON-TAU GENES AND CHARACTERIZING

THEIR TRANSCRIPTIONAL EXPRESSION DURING EARLY PREGNANCY

The interferon-tau (IFN-1) are major cytokines that play a pivotal role in maternal
recognition of pregnancy in ruminants. They block the luteolytic secretion of
prostaglandin F»o. thereby extending the functional life span of corpus luteum. allowing
pregnancy to proceed. In spite of ample evidence indicating that these bovine IFN-
t1(bIFN-1) are encoded by multicopy genes. only a few promoters had been cloned and
characterized to any extent. Therefore. several different bIFN-t genes were cloned. and
their expression patterns were analyzed during early pregnancy in cattle.

Screening a bovine genomic library resulted in four putative clones: sequencing
revealed that one of them was closely related to bIFN-w, and the rest were bIFN-1 genes.
All of the clones lacked premature stop codons in coding regions. The newly cloned
bIFN-1 contained approximately 2.3 kilobase (kb) of promoter region. 1.0 kb of coding
region. and the first putative poly (A) signal, irrespective of subtype. Substantial
sequence differences were found among the subtypes, confirming the multiplicity of
bIFN-t genes. Mismatches in the coding region which lead to amino acid differences
were also notable indicating that the biological properties of different subtype gene
products may be different. Most severe mismatches were found in 5° ends of promoters,

which had not been cloned before; thus, these regions were subjected to further study.
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To study the expression pattern of each subtype gene, RNase protection assays
(RPA) were applied to various developmental stages of bovine embryos. Overall
transcriptional expression dropped markedly between day 16 and 25 regardless of
subtype. However. one of the new clones. [FN-1bl showed minimal expression
compared to other clones. This particular clone showed extreme mismatching in first 500
base pairs of the 5° end. suggesting that this region may be an enhancer. [n addition. a
polymorphism was observed in one new clone, IFN-1tb2 in an RPA using different
embryos. These results indicated that bIFN-t subtype genes are not expressed equally.

The 500 bp gene fragment from a highly expressed subtype was further studied to
test whether it functioned as a tissue specific enhancer. An in vitro transcription assay
utilizing various cell nuclei and DNA templates revealed the 500 bp fragment increased
transcription in vitro approximately 2-fold irrespective of DNA constructs and nuclei
sources, suggesting that it works as a general, rather than a tissue specific enhancer.
Together. these data support the hypotheses that the bIFN-t are encoded by several
subtype genes with substantial sequence differences in both promoter and coding regions.
resulting in differential expression during early embryonic development. and different

biological potencies of the gene products.

Young Gie Chung
Department of Physiology
Colorado State University
Fort Collins. Colorado 80523
Spring 2000
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CHAPTER 1

REVIEW OF THE LITERATURE

I. INTRODUCTION

Inadequate trophoblast function is thought to be a major cause of high embryonic
losses during early pregnancy in domestic animals. The consequent economic losses are
enormous, estimated to be as high as 1.4 billion dollars two decades ago (Gerrits et al..
1979). Thus, major efforts have been made to understand the mechanisms involved in
the early embryonic losses since Short (1969) coined the phrase ** maternal recognition of
pregnancy”. This term can be defined as the process that allows the mother to detect the
presence of an embryo in her reproductive tract.

With the advent of molecular biological techniques, it became clear that IFN-t is
a biochemical signal responsible for maintenance of the corpus luteum and its functions
in ruminants. [FN-1 prevents luteolysis in pregnant animals by blocking pulsatile release
of PGF,x from the uterine epithelium. This unusual interferon possesses most of the
common characteristics of other type I interferons, including antiviral and
antiproliferative activities, in addition to antiluteolytic activity (Roberts et al., 1992).
IFN-1 seems to be encoded by a multicopy gene family with substantial nucleotide

differences in both promoter and coding regions (Nephew et al., 1993). Unique
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characteristics of IFN-1 genes are multiplicity, timing. magnitude, and tissue specificity
of expression. IFN-1 genes are expressed transiently, for a few weeks only in trophoblast
cells. IFN-t transcripts are composed most of poly (A)-RNA, and quantities exceed
those of R-actin genes during peak expression. However. several questions remain to be
answered with regard to biological potency of each IFN-1 subtype and its pattern of gene
expression. Although, several [FN-t genomic clones have been available. studies on
gene expression of each subtype have been limited. Therefore, the overall objective of
this study was to search for and characterize new bIFN-1 genes. In particular. it was of
interest to confirm the presence of several bIFN-t genes with different nucleotide
composition in both promoter and coding regions, and whether there was differential
expression. The specific aims of these studies were;
1) Clone and sequence three or more bIFN-1 genes and characterize their
transcriptional expression during early gestation.
2) Identify IFN-t promoter regions involved in transcriptional regulation in the

developing bovine conceptus.

II. Development of the Corpus Luteum

To understand maternal recognition of pregnancy, one must first understand
corpus luteum (CL) formation and the luteolytic process. The CL is a temporary
endocrine gland that secretes progesterone (P4) to support pregnancy. It develops from
the ovarian follicle after ovulation (Milvae et al.. 1996). Under the influence of the
preovulatory surge of LH from the anterior pituitary, the mature follicle ruptures and

expels the oocyte. The wall of the follicle collapses into folds, and capillaries invade the

(39
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developing CL. probably under the influence of angiogenic and mitogenic factors
(McCracken et al., 1999). In a mature CL, 4 distinct cell types predominate:
parenchymal large and small steroidogenic cells, fibroblasts, and capillary endothelial
cells (Sawyer, 1995).

In preovulatory follicles, granulosal cells and thecal cells produce estradiol-173
coordinately (Bao and Garverick, 1998). Thecal cells contain enzymes necessary to
convert cholesterol to androgens. and granulosa cells contain enzymes necessary to
convert androgens to estradiol-173. Thus, androgens produced by thecal cells are
aromatized to estradiol by granulosa cells (Bao and Garverick, 1998). Estradiol-17p
stimulates division of granulosa cells (Richards and Hedin, 1988). The preovulatory
surge of luteinizing hormone (LH) induces ovulation and differentiation of these two
types of cells. Theca- and granulosa-derived luteal cells give rise to two distinct types of
luteal cells that differ morphologically and physiologically. The cells derived
predominantly from granulosa cells have been designated as large luteal cells. They
contain receptors for prostaglandin-F2o and appear to mediate the luteolytic actions of
this hormone. Luteal cells derived from theca cells have been designated small luteal
cells, and they respond to LH with increased secretion of progesterone. Differentiation of
these two cell types into luteal cells enables production of progesterone at high rates by
increased expression of enzymes necessary for conversion of cholesterol to
pregnenolone, i.e. the cholesterol side chain cleavage cytochrome P450 complex. and 3f3-
hydroxysteroid dehydrogenase / A%, A* isomerase. Concomitantly, expression of the
enzymes that convert progesterone to estrogens, i.e. 1 7a-hydroxylase cytochrome P450

and aromatase cytochrome P450, decrease (Bao and Garverick, 1998). Although both
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cell types synthesize and secrete progesterone, and possess receptors for LH. differences
in basal and LH-stimulated secretion of progesterone between small and large luteal cells
are quite different. Small luteal cells isolated from ovine corpora lutea during the mid-
luteal phase of estrous cycle show a marked increase (10-20 fold) in progesterone
secretion when incubated in the presence of LH, whereas secretion of progesterone by
large luteal cells is unaffected (Niswender and Nett. 1995).

Hormones secreted by the pituitary gland play very significant roles in normal
development and function of the CL. Among these hormones. luteinizing hormone (LH)
seems to play a most important role in mammals (Farin et al.. 1988: Farin et al.. 1990;
Juengel et al., 1997). Small luteal cells respond to LH with increased secretion of
progesterone. The removal of pituitary on day 5 of the estrous cycle of the ewes resulted
in cessation of CL growth and low concentrations of progesterone. This loss of weight
and function is associated with a decreased number of small luteal cells and fibroblasts.
and decreased sizes of both small and large steroidogenic luteal cells (Farin et al.. 1988:
Juengel et al.. 1997). The decrease of progesterone appears to be associated with
reduced levels of steroidogenic proteins StAR, P450scc and 3b-HSD rather than reduced
uptake of lipoproteins (Juengel et al., 1995; Juengel et al., 1997). Thus, LH seems to
regulate enzymes involved in steroidogenic pathways. The overall result of the
decreased number and size of the steroidogenic cells is a reduced level of secreted
progesterone. Moreover, LH has to be released in a pulsatile manner for normal
development and function of the CL in cows, as shown by treatment with a gonadotropin
releasing hormone (GnRH) antagonist, which obliterated pulsatile, but not basal, release

of LH: this impaired normal function of the CL of cows (Peters et al., 1994). In addition
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to LH. growth hormone from the pituitary is required for normal growth of the CL.
Replacement of LH alone enables hypophysectomized ewes to restore normal levels of
mRNA encoding enzymes, which are important for progesterone synthesis, i.e. StAR.
P450scc and 33-HSD (Ravindranath et al., 1992); however, luteal weights remain lower
than in control animals (Farin et al., 1988; Juengel etal., 1995; Juengel et al., 1997).
Treatment of the hypophysectomized animals with GH alone restored circulating
progesterone and mRNA encoding StAR and P450sec to normal levels, but not the
mRNA encoding 3R-HSD ( Juengel et al., 1995; Juengel etal., 1997). The same
treatment increased the weight of CL to some extent, but not to the size observed in
pituitary-intact animals (Juengel et al.. 1995). Only when both LH and GH were
replaced in hypophysectomized ewes. were all parameters of luteal functions measured
increased to levels observed in pituitary-intact animals. Thus. both LH and GH are

necessary for normal luteal development and function in sheep.

III. Luteolysis

Lysis or structural demise of the corpus luteum resulting in the loss of
progesterone secretion is termed luteolysis (Pate, 1994). In ruminants. normal luteolysis
is dependent upon the presence of uterus. Hysterectomy (Ginther. 1974; Weems et al..
1985). destruction of uterine endothelium (Ginther, 1974; Weems et al.. 1985), and
autotransplantation of the uterus or ovary alone to the neck with vascular anastomoses to
the jugular vein or carotid artery (Goding et al., 1972) resulted in delayed luteolysis.

Prostaglandin Faa (PGF»q) is the factor secreted from the uterus that initiates luteolysis (
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Hansel et al., 1973; McCracken et al., 1970) in most species including ruminants. The
decline in CL progesterone secretion is associated with luteolytic episodes of PGF>x
release ( Hansel. 1975; Harvey et al., 1984; Parkinson and Lamming, 1990; Shemesh
and Kindahl et al., 1976; Wolfenson et al., 1985).

Initiation of luteolysis by PGF,a in ruminants is a local effect between each
uterine horn and its ipsilateral ovary as shown by the results following the removal only
of the uterine horn adjacent to the ovary with the CL (Ginther, 1974; Weems et al..
1985). or congenital absence of one uterine horn ipsilateral to ovary with the CL
(McCracken and Caldwell. 1969; Warfield et al.. 1986).

[t appears that prostaglandin F,o enters the ovarian artery from the utero-ovarian
vein via a countercurrent exchange mechanism (Ginther, 1974). This allows PGF:a to
travel to the ovarian artery without entering the pulmonary circulation where it would be
enzymatically inactivated in the lungs (Piper et al.. 1970).

During luteal regression, PGF>x works via two pathways: decreased blood flow to
the CL and induction of apoptosis of individual luteal cells. Initially. PGF.a decreases
luteal blood flow and steroidogenic capacity of individual luteal cells (Braden et al..
1988; Pharriss et al., 1970). PGF.a seems to work via two pathways to decrease blood
flow and vascular changes during luteolysis. First is a direct effect on endothelial cells
which express receptors for PGF»q, resulting in degeneration of luteal endothelial cells
(O'Shea et al., 1977; Sawyer et al., 1990), and a marked reduction in capillary density
(Azmi and O'Shea, 1984; Braden et al., 1988); this reduces blood flow to the luteal
parenchyma. Second, PGF>a seems to work indirectly by stimulating luteal endothelial

cells to produce endothelin-1, which is a potent vasoconstrictor (Huggins et al., 1993)
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and inhibitor of steroidogenic activity of luteal cells (Girsh et al.. 1996). In addition.
endothelin-1 may reduce blood flow during early luteolysis by causing arteriole
constriction (Ohtani et al., 1998), and the resulting hypoxia may cause release of
additional endothelin-1 (Rakugi et al., 1990). Thus. it is no wonder that endothelial cells
exhibit dramatic morphological changes after PGF, treatment earlier than any other
cells in the corpus luteum (Sawyer et al., 1990). In steroidogenic cells, conspicuous
morphological changes preceded by reduced steroidogenic capacity occur 24-36 hr after
PGF>a treatment (Sawyer et al.. 1990).

For the structural demise of luteal cells, PGF>x acts by binding to specific
receptors localized to large steroidogenic luteal cells (Fitz et al.. 1982; Juengel et al..
1996). These receptors belong to the seven-transmembrane family of G-protein coupled
receptors (Abramovitz et al.. 1994: Graves et al.. 1995; Sakamoto et al.. 1995.
Sakamoto et al.. 1994; Sugimoto et al.. 1994). Upon binding to receptors. PGF>x
activates membrane-bound phospholiphase C, which catalyzes hydrolysis of
phosphatidylinositol 4.5-biphoshate (PIP>) to inositol 1.4.5-triphosphate (IP3) and 1.2-
diacylglycerol (DAG) (Davis et al., 1989; Berridge and Irvine, 1984). Increased
cvtosolic concentration of IP; causes release of free Ca™ from the smooth endoplasmic
reticulum to the cytoplasmic compartment (Berridge and Irvine, 1984). Increased free
Ca™ and DAG stimulate the catalytic activity of Ca™ -dependent protein kinase C (PKC)
(Nishizuka. 1992). Protein kinase C is believed to mediate many of the antisteroidogenic
actions of PGF,a as well as induction of apoptosis that is preceded by an influx of
calcium and activation of endonucleases in large luteal cells (McGuire et al., 1994;

Wiltbank et al.. 1991; Wiltbank et al., 1990). The characteristic features of cells
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undergoing apoptosis include nuclear fragmentation, appearance of membrane bound
vesicles of cytoplasmic contents. ladder-like fragmentation of genomic DNA into 185-bp
fragments [oligonucleosomes; (Arends et al., 1990)]. and changes in gene expression
(Kerr et al., 1972; Sawyer et al.. 1990). Most of these apoptotic features are found in
luteal cells which responded to PGF2« in cattle (Juengel et al., 1993; Zheng et al..
1994), sheep (McGuire et al., 1994; Sawyer et al., 1990), and other mammals (Bacci et
al.. 1996: Matsuyama et al.. 1996: Shikone et al.. 1997). Macrophages augment the
apoptotic process in populations of luteal cells by phagocytosing membrane-enclosed
fragments of those cells (Hehneke et al.. 1994).

One of the genes involved in apoptosis is bcl-2. which codes for membrane-
associated protein that prevents cell death by regulating the maintenance of Ca™
homeostatic mechanisms (Baffy et al., 1993). attenuating oxidative stress (Hockenbery et
al.. 1993), and interacting with ras (Fernandez-Sarabia and Bischoff. 1993) and bax
(Korsmeyer, 1995). Bax directly promotes apotosis by binding to. sequestering and
antagonizing the cell survival function of bcl-2 (Korsmeyer, 1995; Oltvai et al.. 1993).
Thus. the ratio of bcl-2 and bax within a cell is related to that cell’s potential to become
apoptotic. During luteolysis in cattle, mRNA encoding bax is elevated. while mRNA
encoding bcl-2 remains unchanged (Rueda et al., 1997), resulting in an increased ratio of

bax to bcl-2. an event consistent with bax-mediated apoptosis.

IV. Prostaglandin F;a Synthesis
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Prostaglandins F>x and E; are synthesized using membrane phospholipids as
substrate in a three-step series of reactions termed the cyclooxygenase pathway. Plasma
membrane localized phospholiphases A>and C hydrolyse membrane phospholipids.
liberating arachidonic acid that can be utilized as substrate for PGF.o synthesis (Kawai
and Clark, 1986). This is considered to be the rate-limiting step in prostaglandin (PG)
synthesis (Kunze and Vogt, 1971; Lands and Samuelson. 1968; McCracken, 1997).
Cyclooxygenasel and 2 (originally known as prostaglandin H synthase 1 and 2) catalyze
the first two steps in the biosynthesis of the prostaglandins from arachidonic acid. These
steps are oxidation of arachidonic acid to the hydroperoxy endoperoxide PGG; and its
subsequent reduction to the hydroxy endoperoxide PGH,. Finally. PGHj; is then
converted to the primary prostanoids, PGD- , PGE;, PGF,. PGI;, or thromboxane A; by
cell specific synthases and nonenzymatic mechanisms (DeWitt and Smith, 1995). PGF,x

is made by prostaglandin F synthase (Watanabe et al.. 1985).

V. Prostaglandin F>a Release

If pregnancy does not occur, the corpus luteum must regress to allow follicular
growth and ovulation for a new reproductive cycle. To induce luteolysis during the mid
to late luteal phase of the estrous cycle, is PGF>x released from the endometrium in
pulsatile manner (Silvia et al., 1991). Increases in PGF,x in the endometrium (Wilson et
al., 1972) and uterine venous blood (Pexton et al., 1975) are seen prior to the onset of
luteolysis. Onset of PGF,a secretion is probably controlled by estradiol-173 (Reynolds

et al.. 1983) after a period of progesterone exposure (progesterone priming).
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Progesterone acts on the endometrial epithelium to increase phospholipid stores and
cyclooxygenase enzyme activity necessary for conversion of arachidonic acid to PGF>a
(Boshier et al.. 1987; Eggleston et al., 1990). In this regard, adequate progesterone
exposure during the early to mid-luteal phase of estrous cycle is essential for initiation of
endometrial PGF>a production that leads to luteolysis (Morgan et al.. 1993).

Progesterone exerts its effect through an endometrial receptor, via a ligand-
inducible transcription factor to inhibit the synthesis of oxytocin receptors and estrogen
receptors (Cherny et al.. 1991; Findlay. 1982) in the endometrial epithelium. Recently. it
was found that progesterone can bind to oxytocin receptor physically and inhibits its
ligand binding and signaling function (Zingg et al.. 1998). Progesterone also down
regulates epithelial progesterone receptor (PR) and 2°. 5’-oligo(A) synthase. which
allows an increase in cellular mRNA for estrogen receptor (ER) and oxytocin receptor
(CT-R) in the endothelial epithelium (Cherny et al., 1991; Miller et al.. 1977: Ott et al..
1993).

Estradiol-178, presumably acting through endometrial receptors, up-regulates
endometrial oxytocin receptor formation (Burgess et al., 1990; Beard and Lamming.
1994: Beard et al., 1994; Soloff, 1975; Stevenson et al.. 1994: Zingg et al.. 1998).
Administration of estrogen during the mid-luteal phase increases oxytocin receptor
expression and causes luteolysis in cyclic ewes (Hixon and Flint. 1987a). In the absence
of estrogen or estrogen receptors in the endometrial epithelium, oxytocin cannot
adequately initiate endometrial PGFa release; destruction of follicles or treatment of
heifers with the estrogen antagonist tamoxifen prolongs CL function (Fogwell et al..

1985: Jacobs et al., 1988; Villa-Godoy et al., 1985).
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Oxytocin released from either the CL or posterior pituitary can then interact with
its endometrial receptor to enhance PGF>a synthesis and release by stimulating inositol
triphosphate(IP) turnover (Tysseling et al., 1998). Endometrial content of oxytocin
receptors increases during late diestrus of cows (Fuchs et al., 1990; Meyer et al.. 1988:
Soloff and Fields, 1989). Release of endometrial PGF,x establishes a positive feedback
loop with the CL. which reinforces continued oxytocin secretion for episodic secretion of
PGF>a (McCracken et al.. 1984). Oxytocin is stored in secretory granules of large luteal
cells (Fields et al.. 1992; Guldenaar et al., 1984), which also express high numbers of
receptors for PGF,a on their plasma membranes (Fitz et al.. 1982). Such a closed loop.
positive feedback system continues until the PGF,x receptor response system becomes

desensitized. thus curtailing the supplemental release of luteal oxytocin (McCracken et

al.. 1995).

VI. Maternal Recognition of Pregnancy in Ruminants

Maintenance of the corpus luteum during pregnancy is referred to as “maternal
recognition of pregnancy” (Short. 1969). To maintain pregnancy, the CL has to
synthesize and release progesterone far beyond a normal estrous cycle. In cattle, the
embryo / fetus is dependent on luteal progesterone for 200 days of gestation (Chew et al..
1979; Estergreen et al., 1967), while the shift from dependence on luteal to placental
progesterone occurs after approximately 45 days of gestation in sheep (Casida, 1945;

Denamur and Martinet, 1955).

11
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In the pregnant animal, specific factors released by the conceptus are required to
block the pulsatile release of PGF,o and allow the CL to persist beyond its normal
lifespan (Bazer et al., 1986). An important result is continued production of
progesterone by the corpus luteum. which provides a proper uterine milieu for
implantation and maintenance of pregnancy. A conceptus factor involved in CL
maintenance was inferred from extension of interestrous intervals after intrauterine
infusion of total conceptus secretory protein (Vallet et al.. 1988). Early investigations
indicated that this conceptus signal was proteinacious. since it was heat labile and
susceptible to protease inactivation (Martal et al., 1979: Rowson and Moor. 1967). In
addition, prevention of luteolysis is extended only to the corpus luteum which is
ipsilateral to the gravid uterine horn (Moor and Rowson. 1966a; Niswender et al. 1970).

providing strong evidence that the embryonic signal acts locally rather than systemically.

A. Interferon-t as an Antiluteolysin

Early studies indicated that the uterine luteolytic mechanism must be inhibited or
overcome in some way between days 12 and 18 of pregnancy in sheep and days 17 and
22 in the cows for the pregnancy to proceed (Caldwell et al., 1969; Denamur and
Maueon. 1963; Moor and Rowson, 1966abc; Moor and Rowson, 1964; Short. 1969).

Experiments using embryo transfer showed that the latest time at which embryos
transferred into the uterus would maintain CL functions were day 12 of gestation in sheep
and day 16 of gestation in cows, respectively (Betteridge et al.. 1980: Short, 1969).
Rowson and Moor (1967) showed the infusion of aqueous extracts of blastocysts

mimicked the effect of transferring an embryo to a sheep uterus. The same effect was
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observed later when bovine embryo homogenates were infused into cycling cows
(Northey and French, 1980). These experiments led to identification of a substance from
blastocysts, and it was partially purified and identified as a heat labile protein, named
trophoblastin (Martal et al., 1979). Godkin et al. (1984) found that the major secretory
product of the blastocysts in vitro was identical to trophoblastin and named it ovine
trophoblast protein 1 (0TP-1). Heyman et al. (1984) indicated that this substance was the
product of trophoblast cells by showing extended estrous cycles after transferring
trophoblastic vesicles without embryonic disc into both cows and sheep. Martal et al.
(1984) suggested that the conceptus factor involved in CL maintenance was similar
between the cow and ewe after observing extension of CL function following interspecies
transfer of trophoblastic vesicles. Bazer et al. (1986) purified this protein from cultured
trophoblastic vesicles. and found it prolonged the luteal phase of the cycle when
administered to the uterus. Vallet et al. (1988) demonstrated that intrauterine infusion of
purified oTP-1 extended the interestrous interval and suppressed uterine responsiveness
to estradiol and oxytocin challenge comparable to that observed with infusion of total
conceptus secretory protein (CSP) in cyclic ewes; however, CSP lacking oTP-1 failed to
show these effects.

This protein variously termed trophoblastin, antiluteolytic protein. or ovine
trophoblast protein-1, eventually was designated ovine interferon tau (olFN-1) based on
its nucleotide and amino acid sequence similarity with type I interferon (Anthony et al..
1988: Bartol et al., 1985; Charlier et al.. 1989; Charpigny et al., 1988: Godkin et al..
1988; Imakawa et al., 1989; Leaman, 1993; Stewart et al., 1987 Stewart et al., 1989).

[t was also shown to be secreted transiently by the sheep conceptus between days 12 and

13
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21 of pregnancy (Farin et al.. 1989; Godkin et al.. 1982) with peak expression at day 15
(Ashworth and Bazer. 1989). These observations strongly implicated ol[FN-t as the
ovine antiluteolysin. It is non-glycosylated and composed of several isoforms with 172
amino acids. a relative molecular weight of about 18,000 and isoelectric points ranging
from 5.3 t0 5.7 (Godkin et al., 1984; Godkin et al.. 1982). Shortly thereafter. it was also
shown that bovine conceptuses produced a very similar protein complex [bovine
interferon-tau (bIFN-1)] with slightly higher molecular weight (Helmer et al.. 1987).
bIFN-t is composed of 172 amino acids with a relative molecular weight of 22.000 to
24.000 and isoelectric points between 6.5 and 6.7. This variation is due to the degree of
N-linked glycosylation and slight differences in amino acid composition (Anthony et al..
1988: Helmer et al.. 1988). Initially, this protein was found in the cytoplasm of both
mono- and binuclear trophectoderm cells of bovine conceptuses as shown by
immunocytochemistry. indicating that it was a product of the trophoblast (Lifsey et al..
1989). However. using the more specific in situ hybridization techniques. I[FN-1
transcripts were localized only in mononucleate cells, even within the trophoblast
(Guillomot et al., 1990).

There has been substantial evidence suggesting the bIFN-t is a unique type of
interferon. The amino acid sequences of bIFN-t and bovine interferon alpha, class II
(bIFN-all or bIFN-w) have about 75% homology (Capon et al., 1985; Hauptmann and
Swetly, 1985; Imakawa et al., 1989; Imakawa and Roberts, 1989). Computer modeling
of bIFN-t revealed that it is composed of five long alpha helices (A-E). Loop AB is
believed to interact with the receptor. A peptide competition experiment with the ovine

counterpart, ol[FN-t, showed that internal and carboxy terminal parts interact with a
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common type [ IFN receptor. while the amino terminus interacts with a site that elicits
activity unique to INF-t. However. the six carboxy amino acid tail which distinguish
[FN-t from other [FN-alpha and -beta has no known functional role; no effect occurred
when deleted with regard to receptor binding. antiviral, and antiproliferative activities
(Ealy et al.. 1998).

Enriched bIFN-t showed antiviral and physico-chemical properties similar to
other bIFN-a molecules. characterized by upregulation of 2'.5'-oligoadenylate synthetase.
which catalyzes production of 2'.5'-oligo (A). which in turn is involved in antiviral and
growth inhibitory effects of [FNs. This 2'.5.-oligosynthetase is present approximately 30-
fold higher concentrations in uteri of pregnant compared to non-pregnant animals
(Schmitt et al.. 1993). In both endometrial epithelial and stromal cells. even partially
purified bIFN-t showed a comparable degree of induction of the 2',5'-oligo(A) synthetase
compared to bIFN-al (Schmitt et al.. 1993). Utilization of recombinant bIFN-t clearly
showed that 2'.5' -oligoadenylate synthetase was induced by bIFN (Shortetal.. 1991).
This protein also has antiproliferation activity as shown by inhibition of proliferation of
mitogen induced lymphocytes (Skopets et al.. 1992). The degree of inhibition was
similar to that of bIFN-all. However. unlike the other bIFNs. this protein has only minor
antiproliferation activity in either endometrial epithelial or stromal cells. suggesting the

bIFN-t allows for growth of the endometrium during pregnancy (Davidson et al.. 1994).

B. IFN-1 Expression during Development

Bovine interferon-t is a major protein synthesized and secreted by the bovine

conceptus during days 14 to 17 of pregnancy (Bartol et al., 1985; Geisert et al.. 1988;
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Godkin et al.. 1988; Kazemi et al., 1988). Maximal secretion occurs around days 17-19
of pregnancy. which closely corresponds to the time at which luteal regression must be
prevented for pregnancy to proceed (Anthony et al., 1988). However. mRNA encoding
bIFN-1 can be detected in day 12 conceptus (Farin et al.. 1990) and. even earlier in in
vitro derived hatched blastocysts (Hernandez-Ledezma et al., 1992; Watson et al..
1991): bIFN-1 synthesis still can be detected as late as day 36 in the chorioallantois
(Godkin et al.. 1988). Studies on IFN-t expression using in vitro derived bovine
embryos demonstrated that initial onset of [FN-t expression is genetically programmed.
since those embryos were not exposed to the maternal environment (Hermandez-Ledezma
etal.. 1992). For normal secretion of bIFN-t. however. bovine embryos required a
uterine environment as shown by an embryo transfer experiment. When morulae or
blastocysts derived from in vitro maturation (IVM) and in vitro fertilization (IVF)
procedures were transferred to the uteri of synchronized cows and recovered 4 days later.
hatched blastocysts secreted a few times more bIFN-1 than the same aged embryos
which were remained in the culture (Hernandez-Ledezma et al.. 1992). Thus. although
induction of bIFN-1 is regulated develcpmentally, amplification and sustained secretion
of bIFN-1 by bovine conceptus require exposure to the uterine environment.

Expression of ovine interferon-t (oIFN-1) showed a very similar pattern to the
bovine counterpart bIFN-t. Large scale olFN-t production occurs between days 13-21
of pregnancy in sheep (Godkin et al., 1982), with peak production at day 15. when a
single ovine conceptus produces 100 ug or more of ol FN-t within 24h in culture
(Ashworth and Bazer. 1989). Although olFN-1 expression can be detected as early as

day 8 of pregnancy, massive expression begins about day 13 when the conceptus
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undergoes morphological change from a spherical to an elongated form. By day 14.
when the conceptus is filamentous and may stretch into both uterine horns; olFN-1
represents the most abundant mRNA in this tissue (Hansen et al., 1988). By day 22,
when most of the trophoblast is attached to the endometrium. expression is virtually
undetectable (Farin et al.. 1989: Guillomot et al.. 1990). Thus. contact between the
trophoblast and the uterine epithelium appears to inhibit olFN-t gene expression by

unknown mechanisms.

C. Mode of IFN-t Action

Interferon-t. unlike chorionic gonadotropin of primates. acts locally upon the
uterus to inhibit episodic release of PGF.a (Fincher et al.. 1986; Knickerbocker et al..
1986). The exact mechanism(s) whereby the IFN-t of sheep and cattle modulate PGF>x
production or release is not yet known. However. there is circumstantial evidence
indicating that [FN-t most probably acts through cell surface receptors found on the
endometrial lining of the uterus. These molecules are thought to bind the common type I
IFN receptors. since IFN-t displaced INF-o from its receptor (Hansen et al.. 1989: Li
and Roberts. 1994a: Stewart et al.. 1987). Furthermore. results from recent
complementary DNA (cDNA) cloning of type I [FN receptors from an endometrial
c¢DNA library support this assumption (Han et al., 1997). However, there is no clear
explanation regarding how IFN-t works differentially from other type I IFN, even
though they bind to the same receptors. One possibility is that accessory proteins which
affect binding affinity of various IFN may be preseni within that receptor complex.

Because IFN-a and -B can clearly bind to at least one common receptor with apparently

17
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different cell responses, this possibility is very likely (Miyajima et al.. 1992: Watling et
al.. 1992). Furthermore. cytotoxicities of [FN-o and [FN-1t to Madin-Darby bovine
kidney (MDBK) cells are dependent on the differential recognition of receptors
(Subramaniam et al.. 1995). In this regard, cross-linking studies with olFN-1 using
ovine endometrial membranes indicated the presence of two cross-linked products (Mr
100.000 and 70.000); both of these cross linked with oI[FN-t. but only the larger protein
cross linked with [FN-o (Hansen et al.. 1989). These results may also explain why
bIFN-« is less effective than [FN-1 in extending CL function when infused into uteri of

nonpregnant animals (Plante et al.. 1988).

a. IFN-1 Blocks Estrogen- and Oxytocin-receptor Up-regulation

Given that [FN-1 binds to a common type I [FN receptor. it is assumed that the
intracellu!ar signaling pathway of IFN-1 is similar to that of other type I IFNs (Li and
Roberts. 1994b). Type [ interferon acts via a cytoplasmic tyrosine kinase, known as
janus kinase 1 (JAK1) (Damnell et al.. 1994) and tyk2 (Valezquez et al.. 1992). In
response to IFN binding, constitutively expressed [FN-stimulated gene factor-3 (ISGF-3)
complex is formed from three smaller molecules [STAT1 (p84). STATl« (p91). and
STAT2 (pl113), where STAT is signal transducer and activator of transcription] after
phosphorylation in the cytoplasm. Then the ISGF-3 binds to ISGF3. which is a DNA-
binding protein, and the multimeric protein complex translocates to nucleus. This
complex now binds [FN-stimulated elements present in promoter region of interferon
regulatory factor-1 (IRF-1) and increases transcription. IRF-1 is a transcriptional

activator (Darnell et al., 1994) and binds to IRF-element (IRF-E). One of the genes
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containing the IRF-E in the promoter region is IRF-2. IRF-2 is a transcriptional repressor
and can bind to the same motif of IRF-1(Harada et al.. 1994; Taniguchi et al.. 1995).
Thus. the increased transcription of IRF-2 by IRF-1 binding leads to silencing of
transcription of genes containing IRF-E (Kerr and Stark, 1991: Levy etal.. 1988). If the
estrogen receptor gene (ER) contain a functional IRF-E, production of IRF-2 in response
to [FN-1 would silence transcription of the ER gene (Spencer et al.. 1998). Recent
genomic cloning work on ovine ER« gene promoter reveals that there is one functional
[RF-E site located at —1867 nt from the putative transcription start site (Fleming et al..
1999). Furthermore. both IRF-1 and IRF-2 were found in endometrial luminal epithelium
and superficial glandular epithelium of pregnant ewes or IFN-1 treated animals in
appropriate time-frames. [RF-1 was detected only on days 11 and 13, and IRF-II was
detected on days 13. 15.17 and 20 in the epithelia. In the IFN-t treated animals. IRF-1
was detected in the same epithelia at 12 and 24 hr after initial injection. and IRF-II was
detected at 24hr and thereafter (Spencer et al., 1998). Thus the silencing of ER gene
transcription mediated by the elevated IRF-II would prevent ER-mediated increases in
OTR gene transcription, preventing pulsatile release of luteolytic PGF,a (Spencer et al..

1995: Spencer and Bazer. 1996).

b. IFN-t Stimulates Release of PGE; Preferentially to PGF;a in Uterine Epithelial
Cells
Incubation of endometrial explants of day-17 cyclic cows with bIFN-t inhibits
PG-synthesis and reduced PGF secretion similarly to that of day-17 pregnant cows.

Intrauterine infusion of bIFN-T from days 15.5 to 21 extended the interestrous interval
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from 19.5 to 26.0 days (Thatcher et al.. 1989). Treatment of endometrial explants from
day17 after estrus with bIFN-t decreased the synthesis of PGF,a markedly while
increasing PGE; secretion (Helmer et al., 1989; Barros et al.. 1991), which is both
antiluteolytic and luteotropic at the time of pregnancy recognition. The decreased
secretion of the PGF.a was more prominent in oxytocin-induced endometrial epithelial
cells than stromal cells after treatment of bIFN-t. indicating differential prostaglandin
responses by the two major cell types (Danet-Desnoyers et al.. 1994). On some
occasions. treatment of bovine endometrial cells with bIFN-t stimulates both PGE-> and
PGF,a production. However, PGE; synthesis is stimulated preferentially in uterine
epithelial cells. Production of PGF,a was stimulated 7.1 fold. and that of PGE>_89 fold
by rbIFN-t. which resulted in a net increase in the PGE,:PGF»« ratio of 7.7. changing
the primary PG produced by these cells from PGF.a to PGE2 (Asselin et al,. 1997). In
addition. treatment of bovine endometrial cells with recombinant bIFN-t upregulated the
expression of the cyclooygenase-2 (COX-2) gene, which might be involved in the
selective increase of PGE: in epithelial cells (Asselin et al.. 1997), even though the
pattern of COX-2 gene expression is dependent on cell type. A northern blot analysis
showed that bIFN-t decreased COX-2 messenger RNA (mRNA) levels in epithelial cells.
while increasing COX-2 mRNA in stromal cells (Asselin et al., 1997; Xiao et al., 1998).
Furthermore, rbIFN-t decreased PGF synthase mRNA in both cell types, which was

associated with the increase in PGE; : PGF>« ratio (Xiao et al.. 1999).

¢. IFN-1 Induces Expression of Several Genes that may be Needed to Establish

Pregnancy
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Upon IFN binding, tyk2 phospholylates a variety of cytoplasmic transcription
factors involved in transcription of a host of IFN responsive genes (Schindler et al..
1992: Valezquez et al.. 1992). To date, several IFN stimulated genes (ISG) have been
identified including 2°-5" oligoadenylate synthetase. Mx, p68 kinase. ISG6-16. ISC15.
ISG54 (Borden, 1992). However, the exact roles of many of these factors in [FN
responses are unclear. Among others. 2°-5° oligoadenylate synthetase seems to play a
role during implantation by suppressing endometrial proliferation until the conceptus
elongates, and contact between the epithelial and trophoblast is established throughout
the uterine horn (Schmitt et al., 1993). In addition, bovine recombinant IFN-1 (rbIFN-1)
stimulates endometrial cells to secrete at least three different proteins (8.16. and 28Kd).
two of which are granulocyte chemotactic protein-2 (8Kd protein) and ubiquitin cross-
reactive protein (16Kd protein) (Austin et al.. 1996; Hansen et al.. 1997: Naivar et al..
1995: Rueda et al., 1993; Teixeira et al., 1997). The exact roles of these proteins are
unknown, but they may are involved in the establishment of cytokine networking
necessary for early pregnancy. These results suggest that many genes and their products

are intermingled in a harmonious manner in the process of establishing pregnancy.

V. IFN-1 Genes

A. Distribution of IFN-1 Genes among Mammals
[t appears that the trophoblast interferon (IFN-1) genes are present only withina
limited subset of mammalian species known to posses IFN-w genes. A genomic southern

blot (zoo blot) using a probe of full length oIFN-1 coding region shows the genes for the
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IFN-1 appear to be limited to ruminant species within the artiodactyls. including the goat.

musk ox. gazelle and giraffe (Leaman and Roberts, 1992; Liu et al.. 1996).

B. Copy number of IFN-1 genes.

Interferon-tau (IFN-1) are encoded by multicopy genes as indicated by western
blots of ovine and bovine embryo cultured media. cDNA cloning and sequencing. and
southern blots of bovine and ovine genomic DNA with the specific ovine IFN-1 gene
probes (Hansen et al., 1988 Imakawa et al., 1989; Klemann et al.. 1990: Roberts et al..
1991) and several oIFN-1 genomic clones (Nephew et al., 1993). The estimated copy
numbers of IFN-1 are 5-6 in cattle. sheep. and goats (Iannuzzi et al.. 1993; Leaman.

1993: Ryan and Womack, 1993).

C. Features of IFN-1 Genes
1. General features of type I IFN genes

As mentioned earlier in this review, interferon-t shows high homology in both
nucleotide and amino acid sequences to other type [ interferons. Furthermore,
recombinant bovine IFN-al (rbIFN-al) shows moderate levels of antiluteolytic activity
when infused into uterine lumen of cyclic cows (Plante et al. 1988: Plante et al. 1989).
Thus. it is conceivable that the mechanisms involved in these type I interferon genes may
be applicable to study IFN-t gene expression. The IFN are a group of related cytokines
whose existence was inferred from the ability of culture medium from virus infected cells
to confer resistance to cells to subsequent viral infection (Isaacs and Lindenman, 1957).

However, IFN are actively involved in several other cellular processes, including

(]
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differentiation and proliferation of certain cells and modulating many aspects of immune
responses (Pestka et al., 1987). IFN are broadly categorized into two major groups
according to gene structure and nucleotide sequences. in addition to evolutionary
histories. The type I IFN includes the o.R. and w subtypes, and the type II includes only a
single subtype y. Each subtype of type I IFN possesses distinctive primary sequence.
antigenicity, and relative inducibility. In addition, they are produced by specific cells

preferentially, to some extent (De Maeyer and De Maeyer-Guinard. 1988).

The Promoter Region of Type I IFN Genes

Five short stretches of DNA motifs known to important for [FN-o and -3 gene
expression are found within 130 bases of the transcription start sites (Goodbourn et al..
1985:; Harada et al., 1990: Ryals et al.. 1985). In the human IFN-{ gene. repeats of
AARKGA. where R is G or A and K is T or G. are common (Fujita et al.. 1985):
tandemly repeated sequences of this 6-bp oligomer mediate viral responses when fused
with a minimal promoter (Fujita et al.. 1987). Two positive regulatory elements. positive
regulatory domains 1 and 2 (PRD1 and PRD2) (sequences AGAAGTGAAAGT and
TGGGAAATTCC respectively) and a palindromic negative regulatory domain (NRDI:
TCCTCTGAATAGAGAGAGGAC) also are present in IFN-3 genes (Fan and Maniatis.
1989; Goodbourn et al.. 1986; Goodbourn and Maniatis, 1988). Among the PRD 1
binding factors, IFN regulatory factor-1(IRF-1) activates IFN-o and -3 gene expression
through an IRF-1 binding motif (GAAAGT)sin PRDI1 (Fujita et al.. 1989). Another
PRDI1 binding factor, IRF-2, binds the same moiif and inhibits IRF-1 mediated

expression in the absence of viral induction (Harada et al., 1989). PRD2 is a DNA motif
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to which NF-xB binds. Upon virus infection, NF-&B is released from its cytosolic
inhibitor followed by translocation to the nucleus to activate [FN-33 genes (Goodbourn,
1990; Hiscott et al.. 1989; Leblanc et al.. 1990). Treatment of cells with virus or double
stranded RNA (dsRNA) can activate NF-xB, and binding of both NF-xB and IRF-1 may
be required for full IFN-B induction (Lenardo et al.. 1989). An AFT-2/CREBP-I
binding site that provides cAMP responsiveness to [FN-8 is present in the newly found
PRD IV region. In addition. the basic virus inducible element. GAAANN. is found in the

human [FN-al gene (MacDonald et al.. 1990; Ryals et al.. 1985).

2. General Features of [IFN-1 Genes

As in other type [ interferon genes. bIFN-1 genes are intronless and are found
clustered on a single chromosome arm. chromosome 8 in cattle (Iannuzzi et al.. 1993:
Rvan and Womack, 1993). The 5’ -upstream region contains a TATA box starting 28
base pairs (bp) from the putative transcription start site (Hansen et al.. 1991). Sequence
analysis of bovine cDNA shows that it contains an open reading frame of 195 codons.
The initiation codon, ATG. is immediately preceded by the sequence TCCCC. which is
not typical of the consensus sequence (CCRCC, where R is A or G) for initiation of
translation in eukaryotes (Kozak, 1986). The hexanucleotide ATTAAA. which most
likely works as a signal for poly (A) addition to 3° end of the mRNA is found within 20
bases of the site of polyadenylation (Imakawa et al.. 1989). The entire sequence shows
high homology with immunologically related ovine IFN-1 (85%) and with bovine
interferon-w (previously. it had been called IFNay) (79%). The highest conservation of

sequence (> 90% across isoforms and species) is found in the 3’ -untranslated region,
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whereas matching between [IFN-t genes and the IFN-w genes in these regions is
considerably less (<70%) (Imakawa et al.. 1989). Thus. this region was used
successfully to make a probe to differentiate [FN-t genes from the very closely related

[FN-w genes (Hansen et al.. 1991).

a. Promoter Region

Most of the regulatory domains (or similar sequences) found in [FN-o and -8
genes are present in bovine and ovine IFN-1 genes. A series of GAAANN sequences
which confer viral responsiveness to heterologous promoters ( MacDonald et al.. 1990:
Raj et al.. 1989) is found throughout the promoter region. In addition, two potential
recognition sites for IFN regulatory factor (IRF-1)(AAGTGA and AACTGA) are present
in the distal region of the gene promoters; overlapping this site is a conserved
palindromic dyad resembling an extended NRD1. Several of repetitive AAATTT sites
which resemble PRD1 of unknown significance are also seen in the proximal promoter
region (Hansen et al.. 1991). Recently. Ets-2 (a transcription factor) binding sites were
recognized in proximal promoter regions of most active IFN-t genes (Ezashi et al..

1998).

b. Transcriptional Regulation of IFN-1 Genes Differ from Other Type-I IFNs
Study of transcriptional regulation of IFN-t has been hampered because there

are currently no well defined trophoblast cell lines available from cattle or sheep.

Furthermore, transfections have not been successful in primary trophoblast cell cultures

(Cross and Roberts, 1991). Thus, most of the promoter analysis work has been

[
W

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



conducted using human choriocarcinoma cells despite the apparent absence of human
[FN-1 genes (Leaman et al., 1992). Previous work demonstrated that Jar cells were
competent to support constitutive [FN-1 promoter activity. even though activity of the
transfected IFN-1 promoter by these cells was significantly lower than that observed in
the developing bovine or ovine conceptus (Cross and Roberts. 1991).

As mentioned previously, onset and cessation of [FN-1 gene expression are
known to be precisely timed events. To date. mechanisms of regulating [FN-t genes
have not been clearly demonstrated. although sequences associated with regulation of
other Type I IFN are present within the bIFN-t promoter. However. it is clear that these
genes are developmentally regulated, and the mode of regulation is distinct from that of
other IFN. These genes are only poorly inducible by dsRNA in conceptuses (Farin et al..
1991) and by viruses in leukocytes (Cross and Roberts, 1991), and there was no effect of
virus on transcription in Jar cells transfected with a 1.8 kb bIFN-t upstream sequence
reporter gene plasmid (Leaman et al.. 1994). A promoter deletion analysis showed that
truncation of the promoter to position —450 did not affect promoter activity. whereas
deletion to position —126 decreased expression up to 4-5 fold. suggesting that the
sequences 5’ to position —126 in the promoter may possess enhancer activity (Cross and
Roberts, 1991). In addition, the promoter region between positions —280 and —400
showed general enhancer-like activity (Leaman et al.. 1994). A gel mobility shift assay
using nuclear extracts prepared from ovine conceptuses during the period of IFN-t
expression indicated that there are at least two transcriptionally important regions. which
agreed with results from the transfection assay described. These nuclear extracts bound

to at least two regions, proximal promoter region (positions —126 to—34) and distal
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promoter region (positions —358 to —322), that are required for full constitutive
expression of the bIFN-t genes. To test the putative IRF-1 binding site (AAGTGA).
IRF-1 bound and formed a complex with this region in a gel shift assay; however, it did
not transactivate the bIFN-t 1.8 kb promoter in transfected Jar cells (Leaman et al..
1994). To the contrary, another promoter deletion assay revealed that two putative
inhibitory domains are located in the regions —357 to —248 and —-150 to —71 bp. After
conducting a series of deletion mutations of the bIFN-1 gene promoter followed by
transient transfection in Jar cells. they concluded that negative regulation is predominant
over positive regulation in bIFN-1 gene expression (Guesdon et al.. 1996). Unlike a
previous report (Cross and Roberts. 1991), when the exogenous enhancer, SV40. was
provided, the same authors found that the 450 bp of bIFNt promoter drove constitutive
reporter gene expression in cells both of trophoblast and non-trophoblast origin. such as
L929 cells. Without the exogenous enhancer. none of the cells expressed reporter genes.
This result is consistent with a finding that nuclear extract prepared from Cos-1 cells.
L£929 celis. and Jar cells formed complexes with the distal promoter region in almost
identical patterns with day 15 or day 21 ovine conceptus nuclear extracts (Leaman et al.,
1994). This casts doubt about current understanding of tissue and\or cell specificity of
the cloned bIFN-1 gene expression. In an effort to identify a putative transcription factor
involved in the IFN-1 genes, Ezashi et al. (1998) found that Ets-2. a transcription factor.
increased reporter gene expression up to 30 fold in transformed Jar cells. However. Ets-2
genes are known to be expressed in a wide variety cells, so that Ets-2 is not in itself
sufficient for IFN-t expression, considering IFN-t expression is restricted to trophoblast

cells (Ezashi et al., 1998).
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To determine whether selected maternally derived factors might enhance IFN-t
expression. cyclic AMP (cAMP). TPA(Phorbolester), New castle disease virus. bIFN-al.
and retinoic acid were added to the transfected Jar cells (Leaman et al.. 1994). None of
these stimulants affected bIFN-1 promoter activity. All of these factors are known to
stimulate transcription of type I [FN genes. Unmodified activity of the 1.8 kb bIFN-t
promoter after exposure to Newcastle virus indicates that virus is not a primary inducer of
these genes. at least via this part of the promoter. which is consistent with the earlier
finding that the same treatment to leukocytes only induced marginal levels of expression
of endogenous bIFN-1 (Cross and Roberts. 1991). However. one [FN-t gene family
member (if not all) seems to respond to external stimuli. Ko et al. (1991) described
increased secretion of olFN-1 after a combined treatment of IGF [ and II to day!3 ovine
conceptuses in vitro. [GF-I. -II, and IGF binding protein-II were found in uteri of
pregnant and non-pregnant cows. Expression of IGF-I mRNA was not affected by day
of the estrous cycle or status of pregnancy. However. endometrial IGF-II mRNA was
greater in pregnant than in cyclic endometrium on days 15 and 18. Levels of endometrial
IGFBP-2 mRNA also increased between days 10 and 18 of estrous cycle and early
pregnancy (Geisert et al., 1988).

Another factor involved in olFN-1 gene expression is granulocyte-macrophage
/colony stimulating factor (GM-CSF). At the molecular level. GM-CSF appears to act
via proto-oncogenic (c-fos, c-jun) activation of the AP-1 enhancer element (Samuel et al..
1991). The accumulation of c-fos and c-jun proteins, and the expression of olFN-t were
temporally related (days 14 and 15 of gestation) (Xavier et al., 1991). and treatment of

one olFN-1 gene, which had an AP-1 site, with GM-CSF activated expression of the
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reporter gene in vitro (Imakawa et al.. 1993). Thus, it is clear that IFN-1 genes are
regulated in a quite different manner than other IFN genes, and more work on IFN-1

gene expression is needed.

c. Why Are There so Many IFN-1 Genes?

There are at least four distinct IFN-1 loci within the genomes of cattle. sheep. and
goats (Charlier et al. 1991; Leaman. 1993; Roberts, 1991; Ryan and Womack. 1993:
Stewart. 1990). However. why there are so many copies of INF-t genes has not been
answered. The proposed hypotheses are: 1) different gene products may function in
slightly different manners to alter PGF»a release, 2) the promoter regions of some genes
are slightly different than others. allowing expression of certain subtype [FN-1 to occur
at specific. crucial time points over the duration of IFN-t expression. and 3) the
multiplicity may contribute to the unusually high production of these proteins by the
trophoblast (Leaman, 1993). Unfortunately. the available data are too scanty to confirm
any of these hypotheses. Nevertheless, the accumulated data suggest that certain [FN-1
subtypes (if not all) have unique biological properties. Ealy et al. (1998b) demonstrated
that three different oINF-t variants showed different biological potencies with regard to
antiproliferative activity and antiluteolytic activity. In addition. they showed that one of
the olFN-t expressed much less than the other two variants (Ealy et al. 1998). Similar
results were obtained when both type I IFNs and two olFN-t gene variants were tested
(Nephew et al., 1993). However, the presence of bIFN-t variants with significantly
different biological potency or different patterns of gene expression has not yet been

confirmed in cattle (Liu etal., 1997).
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VII. Embryonic Loss

Embryonic mortality in cattle, as well as in other domestic animals. is a major
source of economic loss for livestock producers. While fertilization rates in cattle
inseminated properly are close to 90%, pregnancy rates are usually between 50 and 60%
(Sreenan and Diskin. 1983). The same authors showed that embryonic loss was
approximately 38% (Sreenan and Diskin. 1986b).

The timing of embryonic loss has been investigated in a number of studies, and
results have been inconsistent. When measured before day 25, embryonic loss varied
from 8% (Boyd and Reed. 1961) to 23% (Roche et al., 1981) after artificial
insemination of cows. In other studies. embryonic loss occurring before day 42 was
estimated to be 20%. with most of the loss occurring between days 16 and18. or 42 %
with the majority embryonic loss occurring between days 8 and 16 (Ayalon. 1978; Diskin
and Sreenan, 1980; Roche et al.. 1981). Thus the majority of embryonic deaths occur
before day 18 of gestation.

Several factors have been implicated in embryonic mortality of domestic animals.
These include genetic abnormalities of embryos (Hare et al.. 1980: Iwasaki and
Nakahara, 1990; King,1990), nutritional effects (Blanchard et al.. 1990: Wiltbank et al..
1962). environmental influences (Ulberg and Sheean, 1973), infectious agents (Bouters,
1986: Hartigan et al., 1974), asynchrony between the embryo and oviductal and uterine

environments (Diskin and Sreenan, 1980; Rowson et al., 1969). and other factors.
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A. Gross Chromosomal Abnormalities are not the Major Cause of Embryo
Mortality

Chromosomal abnormalities have been suggested as a main cause of embryonic
mortality (Bishop. 1964). Most frequently observed are abnormalities in chromosome
number and structure. In humans, a high incidence of chromosomal abnormalities is
associated with spontaneous abortion in the first and second trimester (Hassold, 1980).
For all age groups., clinically recognized pregnancy losses are between 15-20%. at least
50% of which are due to chromosome abnormalities. In contrast. none of 159 bovine
embryos obtained 12 to 18 days after estrus from superovulated cows had gross structural
chromosomal abnormalities (Hare et al., 1980). Only 1.9% (3/159) of the embryos were
polyploid. which included single embryos in each of the following categories: triploid
(3n). diploid-triploid (2n/3n), and diploid-hexaploid (2n/6n). However. 41.5% (66/159)
of the embryos had polyploid cells. and were classified as diploid-tetraploid (2n/4n).
When polyploid embryos were transferred to recipients. no pregnancy was obtained.
However. pregnancies were obtained from diploid-tetraploid embryos if the number of
polyploid cells was less than 25%. The high incidence of polyploidy can be explained
partly by binucleate cells which are known to appear in the trophoblast by day 15
(Staples et al., 1969). King (1990) summarized the chromosomal analyses of cattle
embryos produced by animals with normal karyotypes. and found from 9 studies that
there was an average of 10.4 % chromosomally abnormal embryos (range 0 to 36.3%).
The majority of abnormalities were found in embryos which were 7 days of age. which is
the time of transition from maternal to embryonic control during development and when

first differentiation occurs. This time of transition would be particularly sensitive
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because of the inability of the embryonic genome to tolerate any gross alterations (King.
1990). Thus. the low percentage of abnormal embryos observed from later stage
embryos (days 12 to18) can probably be explained on the basis that many of the
abnormal embryos found in these animals had died by the time the analysis were carried
out (Hare et al., 1980). Overall. these results suggest that a significant fraction of

embryos is lost for reasons other than gross chromosomal abnormalities.

B. Asynchrony between the Embryo and Oviductal and Uterine Environment

As embryo transfer techniques became widely used. evidence accumulated that
establishment of pregnancy depends upon close synchrony between the developmental
stage of the embryo and the corresponding developmental stage of the recipient’s uterus.
There are several observations that ovine embryos responded to an advanced uterus by
increasing cell division (Wilmut et al., 1985: Wintenberger-Torres. 1967) and slow their
development after transfer to a lesser developed uterus (Wilmut and Sales. 1981; Wilmut
et al.. 1988). The same phenomenon was observed in cattle embryos. However.
asynchronous embryos (=3 days) transferred to recipients, usually showed signs of
degeneration (Albihn et al.. 1991). Therefore, it is not unexpected that embryo transfer
is most successful (91%) if donor and recipient are closely synchronized (Newcomb and
Rowson, 1975; Rowson et al.. 1969), compared to dramatic declines in pregnancy rates
(52- to 57%) if the recipients are = 1 day out of synchrony with donor animals (Rowson et
al.. 1972). Several factors presumably cause natural asynchrony. The timing of the first
meiotic division may lead to lagging in maturation of some oocytes. This holds true in

multiparous animals, such as pigs in which ovulation is not a synchronous process (Pope,

(7]
[N]
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1988). A second natural cause of retardation in embryos may be related to the variable
times of fertilization and completion of the second miotic division among oocytes as
observed even in an inbred mouse strain (Gates. 1965). Third is variability in
progesterone synthesis among animals (Ashworth and Bazer, 1984: Quirke et al.. 1979).
Asynchrony was most evident in cattle and sheep during corpora lutea formation (Maurer
and Echternkamp. 1982). These authors observed a lower percentage of embryonic
survival in beef cows that had lower concentrations of serum progesterone shortly after
CL formation, compared to more fertile cows. Similar results were obtained in dairy
cows when the concentration of progesterone in milk was measured during the first 4
days after insemination (Lee and Ax. 1984), even though a number of other studies have
been unable to show any definitive relationship between progesterone levels and
conception rates until approximately day 16 postinsemination (Folman etal. 1973:
Shemesh et al.. 1968; Sreenan and Diskin, 1983a). More direct evidence came from
efforts to decrease early embryonic mortality in animals suspected of having a luteal
insufficiency (Sreenan and Diskin, 1983a). Progesterone supplementation through an
intra-virginal device (PRID) to lactating cows for 7 days. starting on day 5 or 10 post-
insemination. increased the conception rate up to 30%. compared to control group (30%
vs 60%) (Robinson et al.. 1989). Similar results were obtained by Macmillan et al.
(1991), who placed CIDR (controlled internal drug release) devices containing
progesterone in inseminated, lactating cows, and were able to significantly increase the
conception rate from 66% in control cows compared to 79% in treated cows (McMillan et
al.. 1991). The same effects, however, were not observed in heifers treated with same

device on days 7 to 13 after insemination. suggesting that progesterone insufficiency
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might be more problematic in cows than in heifers (Zavy, 1994). However. the increased
pregnancy rate was not observed in ewes supplemented with progesterone (Diskin and
Niswender. 1989). Moreover. the administration of human chorionic gonadotropin
(hCGQG) to cows after breeding, in an effort to augment the action of a weak conceptus-
derived luteotropic signal, failed to increase pregnancy rates (Diskin and Niswender.
1989: Sreenan. Diskin. 1986). Thus, supplementation of exogenous progesterone to

increase pregnancy rate remains controversial.

C. Failure of Maternal Recognition of Pregnancy

The reason why asynchronous embryos without chromosomal abnormalities die
has not been clearly determined. However, a couple of hypotheses are worthy of
consideration. First. the uterine milieu may be only narrowly permissive and even toxic
to embryos that are out of phase (Roberts et al.. 1990). There are several changes in
uterine secretion as the hormonal status of the mother changes (Warner et al., 1988).
Furthermore. the embryos themselves can trigger secretory activity in the surrounding
endometrium and thus modulate their own local environment (Geisert et al., 1982).
Activation of these secretory events asynchronously may create a lethal environment, as
indicated in the pig (Morgan et al., 1987). The second is that embryos fail to signal their
presence adequately to the mother. As a consequence, the life span of CL is not
extended, progesterone production is not maintained and the pregnant mother returns to
estrus (Roberts et al., 1990). Work utilizing embryo transfer in cattle established that the
period of maternal recognition of pregnancy, the phenomenon whereby the CL is rescued.

is days 15 to 16 in cattle. The intrauterine infusion of days 17 to 18 conceptus
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homogenates or trophoblastic vesicles to cycling animals on day 15 to16. which is prior
to the time of maternal recognition of pregnancy, resulted in extension of the estrous
cycle (Knickerbocker et al., 1986; Northey and French. 1980). Similarly, presence of the
conceptus within the uterus only extended CL function when removed after. but not
before. day 16 of the estrus cycle (Betteridge et al., 1980). The active component of
conceptus homogenates turned out to be bIFN-t as discussed previously. Thus. it is
possible that a failure of the timing and/or intensity of the embryonic antiluteolytic signal

could be implicated in causing some embryonic loss.

VIII. Clinical Uses of IFN-t

As mentioned in this review, IFN-1 is an antiluteolytic agent in ruminants and
possesses full scale leukocytic IFN activities such as antiviral. antiproliferative. and
immuno-modulatory properties. Consequently. there have been several trials to use [FN-
T as a therapeutic agent in both human and veterinary medicine. as well as a fertility
enhancing agent in animal agriculture. Among the factors affecting post-fertilization
losses. asynchrony between the conceptus and the uterine endometrium and/or inadequate
conceptus production of the antiluteolytic signal, IFN-t are most significant (Albihn et
al.. 1991; Bazer et al., 1996). Therefore, supplementing domestic ruminants with
exogenous [FN-t during the period of maternal recognition of pregnancy may improve
fertility by rescuing conceptuses delayed in development or producing inadequate
quantities of IFN-t. Early work using this type of strategy seemed to work. Improved

survival rate of frozen cattle embryos was achieved when trophoblastic vesicles, which is
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the sole IFN-1 source (Heyman et al.. 1984), were cotransferred to recipient cows
(Heyman and Menezo, 1987). In sheep. recombinant bIFN-o (rbIFN-«) administered
systemically resulted in a significant increase in the number of lambs born compared to
control ewes (Martinod et al., 1991: Nephew et al., 1990; Schalue et al.. 1991).
Interestingly, enhanced fertility after supplementation of IFN-1 was observed in CBA/J x
DBA/2 mice, which is an abortion-prone combination (Assal-Meliani et al.. 1995:
Chaouat et al.. 1995). In cattle. however, results from similar experiments are rather
discouraging. The administration of recombinant bovine IFN-«; to pregnant and non-
pregnant animals induces a pyrogenic effect with peak hyperthermia 6 h after
administration, which coincides with a depression in circulation levels of progesterone on
day 14 (Meyer et al., 1995; Newton et al.. 1990; Plante et al.. 1991). Consequently. the
pregnancy rate of treatment groups was lower than that of control groups (Barros et al..
1992). This kind of side effect was not observed in animals received rIFN-o or -t by
intrauterine infusion (Bleach et al.. 1998). Thus, the use of rIFN-1 as an agent to
manipulate luteal function in cattle requires modifications of the delivery systems and/or
of the [FN molecule to eliminate aforementioned side effects.

Because of less severe cytotoxic effects without diminished antiviral or
antiproliferative activities (Pontzer et al., 1988; Pontzer et al.. 1991; Subramaniam et al..
1995), IFN-t has been considered as a potent therapeutic agents in human and veterinary
medicine. Indeed, ovine recombinant IFN-t (olFN-1) was shown to block ovine
lentivirus replication (Juste et al., 1996) and human immunodeficiency virus (HIV)
replication in peripheral lymphocytes and macrophages (Dereuddre-Bosquet et al..

1996). The antiproliferative activity of IFN-1 is equivalent to or greater than that of [FN-
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« molecules with far less severe side effects in tested human amnion (WISH) and Madin-
Darby bovine kidney (MDBK) cells (Pontzer et al., 1991), as well as other cells (Assal-
Meliani et al.. 1993; Assal-Meliani et al., 1995). The lack of severe cytotoxicity or “cell
friendly™ properties of IFN-t (Bazer and Johnson, 1991) therefore holds a strong

possibility to be used as a powerful therapeutic agent in the future.

IX. Conclusions

The [FN-1 are a distinctive subclass of Type I IFN that play a most important role
during pregnancy establishment in ruminants. The IFN-t seem to exert their
antiluteolytic effects during maternal recognition of pregnancy by blocking pulsatile
release of PGF»a from the uterine epithelium. thereby allowing the CL to maintain its
functional integrity throughout pregnancy.

Whereas much is known about the gene expression pattern during early
development of ruminant embryos and about the properties of the gene products. the
mechanisms involved in the transcriptional regulation of the bIFN-1 remain uncertain.
Moreover, studies on individual bIFN-t gene regulation have been limited to a single
gene promoter in spite of the ample amount of evidence indicating that bIFN-1 are
encoded by multicopy genes. In addition, most of the gene cloning work has been done
with cDNA clones which do not show the promoter regions demonstrated to contain
transcriptional elements allowing the unusual timing and magnitude of bINF-t

expression. Therefore, the overall goal of the experiments described herein was to clone
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and characterize several bIFN-1 genes with regard to their expression during early

pregnancy of cattle.
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CHAPTER 11

CLONING BOVINE INTERFERON-TAU (bIFN-1) GENES AND
CHARACTERIZING THEIR TRANSCRIPTIONAL EXPRESSION DURING

EARLY PREGANCY

ABSTRACT

Genomic clones for bovine interferon-t genes (bIFN-1) were isolated by probing
a bovine genomic library with both the 3° and 5 untranslated regions of a known bovine
IFN-t gene (bIFN-11). Of the four new clones. one was a [FN-w variant, and 3 were
IFN-1 variants. The IFN-w variant had an extremely well conserved open reading frame
compared to a known functional bIFN-w gene. The 5° untranslated region of the gene
showed only a few base pair mismatches. Among the 3 bIFN-t variants cloned in this
experiment, proximal promoter regions were well conserved: however. conspicuous base
pair mismatches were found in the distal promoter regions. One of the clones (IFN-tbl).
which had extreme mismatches in the distal promoter region, was transcriptionally inert.
even though most known motifs for transcription of bIFN-1. including an Ets-2 binding
site. were well conserved in the proximal promoter region. The remaining 2 clones and

the bIFN-1 1 gene showed minor degrees of base pair mismatches in both untranslated
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regions and open reading frames. By using RNase protection assays (RPA), full-length
protected mRNA fragments were detected for 2 of the new bIFN-1 clones (IFN-1tb2 and
IFN-1b3) and bIFN-1 1 in different proportions in conceptuses flushed from the uterus at
days 16 and 20 of pregnancy: however, no transcripts for any of the bIFN-1 subtypes
were detected in embryos older than day 25 of pregnancy. The amount of full-length
protected IFN-1tb3 was approximately 60% of that for [FN-tb2 and bIFN-t 1. Notably.
this particular clone (IFN-1b2) showed a polymorphism because one RPA replicate had
no full-length protected transcripts in a day 20 embryo preparation. These data suggest
that there are at least four distinct bIFN-t genes. or at least alleles, and they are not
equally expressed in the bovine trophoblast. In addition. critical transcriptional
regulatory elements of bIFN-t genes likely are located distal to the proximal 1.8 kb of

the promoter region.

INTRODUCTION

In ruminants, the functional activity of the corpus luteum (CL) is maintained by
molecules secreted from live conceptuses. In cyclic cows the uterine endometrium
produces prostaglandin F>a (PGF.x), which is transported to the ovary by a counter-
current transfer mechanism, and causes cessation of progesterone production and
structural demise of the CL (Hixon and Hansel. 1974; Lukaszewska and Hansel. 1980).
In pregnant cows, protein products from developing embryos prolong the functional
lifespan of CL and production of progesterone far beyond the normal estrous cycle

(Betteridge et al.. 1980; Northey and French, 1980). Daily infusion of conceptus
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homogenates or transfer of trophoblastic vesicles to cyclic cows or ewes successfully
extended the estrous cycle (Heyman et al.. 1984: Northey and French. 1980: Rowson and
Moor. 1967). The active component was a heat-labile. species-specific. protease-
sensitive Type-I interferon structurally related to the [FN-w subtype (Charlier et al..
1989: Charpigny et al.. 1988; Imakawa et al.. 1989: Stewart, 1990; Stewart et al.. 1989:
Stewart et al.. 1990). These interferons, which are 175 amino acids in length. possess
full antiviral (Short et al.. 1991) and antiproliferative (Davidson et al.. 1994; Skopets et
al.. 1992) activities. These proteins, now termed bovine interferon-tau (bIFN-1). appear
to be encoded by multiple genes (Flint et al., 1991; Hansen et al.. 1991: Imakawa et al..
1989: Roberts et al.. 1991; Ryan and Womack. 1993) with distinct 5 -promoter and 3°-
flanking sequences. which led to assigning them as another subtype of type I [FN
(Hansen et al., 1991).

[FN-1 acts on the endometrial luminal epithelium to prevent the rapid increase in
oxytocin receptors (OTR) that occurs just before luteolysis in cyclic ruminants (Ayad and
Wathes. 1989: Ayad etal.. 1991: Homn et al., 1998: Lamming et al.. 1995: Wathes and
Hamon, 1993; Wathes et al.. 1996). The physiological mechanism by which [FN-t
interacts with the endometrial epithelium to prevent OTR formation is not well defined.
but involves prevention of up-regulation of endometrial receptors for estrogen (ER)

( Spencer et al., 1995; Spencer and Bazer. 1996; Spencer et al., 1996). Estradiol-170.
presumably acting through endometrial ER, up-regulates endometrial OTR formation
(Pimentel et al., 1986; Spencer and Bazer, 1996), which leads to episodic release of
prostaglandin Foa (PGF>a) (Flint et al.. 1990; Hixon and Flint, 1987b; Xiao and Goff,

1999). In addition, IFN-t may act on the enzymes involved in prostaglandin synthesis.

41

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



IFN-t stimulates endometrial production of an intercellular, PG-synthesis inhibitor
(Thatcher et al., 1989: Thatcher et al., 1992). and in addition. it inhibits prostaglandin
synthetase or cyclooxygenase-2 (COX-2) directly (Hixon and Flint, 1987b: Xiao et al..
1998).

IFN-t genes are intronless, like other Type I IFN. The promoter regions. up to
100 bases upstream from the transcription start site, are almost completely conserved
across different IFN-1 genes and across species (Hansen et al.. 1991). There are several
putative regulatory elements in the proximal promoter region. Among them. multiple
copies of the viral response element. GAAANN. are scattered broadly in the region
(MacDonald et al., 1990). A similar site to the positive regulatory domain 2 (PRD 2),
TGGGAAATTCC. is also represented in this region. Other putative regulatory elements
include the10 base Ets motif (core: GGAA) and a palindromic negative regulatory
domain (NRD1) which overlaps the PRD2 site. Recently. it was found that both Ets-2
and NRD1 sites are functionally active (Ezashi et al.. 1998: Guesdon et al.. 1996).
Conspicuously, most of these motifs are found further upstream than in human INF-o and
-3 genes, which function as strong promoters with only 120 bp beyond the site of
transcription initiation (Goodbourn and Maniatis. 1988; Ragg and Weissmann. 1983). In
the 3 untranslated region (3°UTR). the extreme conservation of sequences found across
subtypes and across species made it possible to distinguish the IFN-t genes from
structurally similar [FN-w genes (Hansen et al., 1991; Stewart et al., 1990).

Despite the apparent presence of viral response elements, this promoter showed
limited response to virus in leukocytes (Cross and Roberts, 1991) and to double stranded

RNA in trophectoderm (Farin et al., 1991), and there was no effect of virus nor poly
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(I)(C) on human choriocarcinoma cells (Jar) transfected with a bIFN-t promoter-reporter
gene plasmid (Guesdon et al., 1996b; Leaman et al., 1994). Thus. it is clear that virus is
not a primary inducer of these genes. Earlier experiments utilizing in vitro-produced
bovine embryos indicated that maternally-derived factors enhance IFN-1 expression once
it has been initiated (Hernandez-Ledezma et al.. 1992b). However, several factors
including cAMP. TPA (phorbolester), bIFN-a;,, and retinoic acid did not enhance [FN-<
promoter (1.8 kb) / reporter plasmid expression in stably transfected Jar cells (Leaman et
al.. 1994). Thus, it is not yet clear which external stimuli are required for the full
transcription of these genes. In addition. the cloned bIFN-t gene promoter (bIFN-11) is
so weak that it is not expressed in the Jar cells unless an exogenous enhancer is provided
(Guesdon et al.. 1996).

Studies to measure the copy number of these genes suggest that there are at least
four subtype genes (Anthony et al.. 1988; Helmer et al.. 1987: lannuzzi et al.. 1993:
Imakawa et al.. 1989; Ryan and Womack. 1993). However. why so many copies of the
gene have arisen is not clear. One possibility is that the different gene products possess
different biological potency with regard to blocking PGF,x release. Another possibility
is that promoter regions of some genes are different than others so that expression of
certain [FN-t occur at different time points to ensure unusually high production of these
proteins over the period of maternal recognition of pregnancy. Some reports support
these hypotheses by showing differential expression of distinct IFN-t genes and different
biological activities of their products in sheep (Ealy et al., 1998; Nephew et al.. 1993).
However. mechanisms involved in gene expression have not been illustrated clearly.

partly due to lack of well defined trophoblast cell lines from cattle or sheep. and partly

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



due to lack of available different bIFN-1 promoters. Unfortunately. few promoters have
been cloned and studied (Hansen et al.. 1991: Stewart et al.. 1990) despite strong
indications of the presence of multiple copies of these genes. Therefore, the aims of this
experiment were firstly to clone and sequence several bIFN-t genes. and secondly to
verify whether differential transcriptions of the cloned bIFN-1 genes are present during

early gestation in cows.

MATERIALS AND METHODS

Preparation of Probes for Southern Blotting

To clone full length bIFN-1 genes, two 32p_labelled probes were prepared. To
identify bIFN-1 genes selectively. a specific probe was generated from the 3'-UTR of a
known bIFN-t gene (designated as bIFN-11 herein: Hansen et al.. 1991). This 250 base
probe was generated using asymmetric polymerase chain reaction (PCR) amplification.
To prepare template DNA, a plasmid vector containing both the coding region and
3"UTR (pBTPLacZTP; a generous gift from Dr. M Roberts, University of Missouri-
Columbia) was cut with Bglll (New England Biolabs, Beverely, MA). The BgllI
recognition site was located adjacent to the translation stop codon. so enzymatic digestion
allowed the Taq polymerase to run off before amplification of coding sequences. The
primer was designed to anneal to the first putative poly (A) signal allowing amplification
toward the 5° end of this DNA construct. The primer sequence was: 57~
GATGTACAAATGAAATGT-3". The reaction volume was 15 ul consisting of PCR

buffer [(50 mM KCI, 10 mM Tris-HCI (pH 8.3), 0.001% gelatin (w/v), 1.5 mM of MgCl,
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]- 2.5 U of Taq polymerase (Perkin-Elmer Cetus. Norwell. CT). 50 uM of each dATP.
dGTP. dTTP, 3.85 uM unlabelled dCTP (Amersham Pharmacia Biotech, Piscataway. NJ)
and 5.0 ul of «-*?P-dCTP (12.5 pM; ICN, Cleveland. OH). 2 nug of template DNA. and
100 ng of primer. The PCR amplification was carried out using a Perkin-Elmer
thermocycler (DNA Thermal cycler. Perkin-Elmer Cetus, Norwalle. CT). A total of 30
cycles of amplification were performed with denaturation (95°C. 30 sec). annealing
(33°C. 30sec). and primer extension (72°C. 3 min).

To generate the second probe, a 1.8 kb bIFN-t 1 promoter fragment was isolated
from pBTP-CAT plasmid (a generous gift from Dr. RM Roberts. University of Missouri-
Columbia) after digestion with BamH! and Ncol (New England Biolabs. Beverely. MA)
and was *’P-labelled using a random priming kit according to the manufacturer’s
instructions (Gibco BRL. Cat # 18187-013. Grand Island. NY). The reaction was
conducted in a total 50 ul of volume with 25 ng of template DNA. nucleotides (0.05 mM
of each dATP.dGTP. and TTP). random primer mix, a->-P-dCTP (12.5 pM: ICN. OH).
and 4 U of Klenow fragment DNA polymerase I for 2 h at room temperature. The probe

was purified by passing through a sephadex G-50 column.

Preparation of Probes for Ribonuclease Protection Assay

To prepare antisense RNA probes, all of the newly cloned bIFN-t gene coding
regions (590 bp) were subcloned into pBluescript II KS vector (Strategene. La Jolla. CA)
after isolation by cutting with Ncol and Bglll (New England BioLabs. Beverly. MA).
The bIFN-t1 gene coding region was also subcloned in the same vector to serve as a
reference. Upon subcloning, their orientation and nucleotide sequences were determined

at Macromolecular Resources at Colorado State University using an Applied Biosystems
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Model 377 DNA sequencer. All of the insert DNAs were in the T3 promoter to T7
promoter direction. Antisense strand RNA probes were made from these constructs by
incorporating **P-UTP using a Maxiscript in vitro transcription kit (Ambion, Austin. TX).
The reaction volume was 20 ul containing transcription buffer (Ambion’s in vitro
transcription buffer), 10mM of each ATP. CTP. GTP, 0.ImM of UTP. 5 ul of o-**P-UTP
(16.5 pM: ICN. Cleveland. OH). 2 ug of linearized template DNA, and 10 U of T7 RNA

polymerase plus 10 U of RNase inhibitor. The reaction was carried out at 4°C overnight.

Preparation of Sense RNA of bIFN- r Subtype Gene

Template DNAs were linearized by enzymatic digestion with Sacl (New England
BioLabs. Beverly. MA) whose recognition site was located close to T7 promoter of the
plasmid vector. T3 RNA polymerase, therefore. transcribed sense RNA. Reaction
conditions were the same as for anti-sense probe generation. but equimolar (10mM)
amounts of unlabelled UTP replaced the 32p_labelled UTP. and T3 RNA polymerase was
used instead of T7 polymerase. After overnight incubation at 4°C. RNase free DNase (10
U: Ambion, Austin. TX) was added to the reaction to remove DNA templates. The
concentration of each RNA in each reaction was measured after purification with a G-25
spin column (Amersham Pharmacia Biotech, Piscataway, NJ). RNAs were kept at —80°C

until use.

Screening and Sequencing of a Bovine Genomic Library
A bovine genomic library generated from an adult male liver was purchased from

Clontech (Cat # BL1015j, Palo Alto, CA). Approximately twenty-million plaque-
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forming units (pfu) were plated with Escherichia coli K802 cells (Clontech. Palo Alto.
CA) on Luria broth agar plates and incubated overnight at 37°C. Duplicate Hybond N
membranes (Amersham Phamarcia Biotech. Piscataway, NJ) were overlaid on the plates.
prehybridized for 2 h at 42°C in 5 X SSC (1xSSC =0.15 M NaCl and 0.015 M sodium
citrate). 50 % (v/v) deionized formamide. 10 X Denhardt’s [100 X Denhardt’s = 2%
bovine serum albumin. 2 % (w/v) sodium dodecylsulphate (SDS)]. and 100 pg denatured
herring sperm DNA/ml. Hybridization was performed in the same buffer after adding
3p_labelled bIFN-t 3° UTR probe (10° c.p.m. / ml; 1.5 x 10° c.p.m / ug) at 42°C for
overnight. Filters were washed twice with 2X SSC and 0.1% (w/v) SDS for 10 min at
room temperature, washed twice with 1 X SSC and 0.1% SSC (w/v) for 15 min at 65°C.
and then exposed to x-ray film (XAR; Eastman Kodak. Rochester. NY) plus an
intensifying screen for 18 h at —-80°C. Filters were then stripped to hybridize with the
second probe. the 1.8kb bINF-t1 promoter region. Briefly, the membranes were
incubated in 0.4M NaOH solution at 42°C for 30 min with agitation. incubated in
neutralization solution [0.1x SSC. 0.1% SDS. 0.2 M Tris HCI (pH7.5)] at 42°C for 30
min with gentle agitation. and dried at room temperature. Rehybridization of the
membranes was carried out as described previously. Only plaques that hybridized with
both probes were isolated and subjected to secondary screening. Procedures used for
secondary screening were the same as for primary screening, except one more washing
step (0.1x SSC plus 0.1% SDS for 10 min at 65°C) was added to selectively isolate
plaques which bound to probes with high stringency. Positive clones (N=24) were
identified, of which 21 plaques were strongly labeled. These 21 plaques were amplified.

and their DNA was isolated using a polyethylene glycol (PEG) precipitation method
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(Sambrook et al., 1989). The insert DNAs were released by means of restriction
endonuclease enzyme digestion. Among the restriction enzymes, only EcoR1 gave DNA
fragments which were reasonably easy to subclone into sequencing vector [pBluscript [I
KS~ (Strategene. La Jolla. CA)]. Of the initial 21 clones. 4 clones yielded DNA
fragments which hybridized with the both probes and were longer than 2.5 kilobases (kb).
These 4 DNA fragments were subcloned into pBluescript KS™ vector (Stratagene, La
Jolla. CA) and transformed in E.Coli S5aDH cells (Gibco BRL. Grand Island. NY). DNA
sequencing in both direction was conducted by Macromolecular Resources at Colorado
State University using an Applied Biosystems Model 377 DNA sequencer. Sequence
comparisons were made using GeneWorks software (Intelligenetics. Mountain View.

CA).

RNA Preparation and Ribonuclease Protection Assays

Bovine conceptuses of beef breeds were collected nonsurgically at days 16. 20.
25.27.30.45. and 60. All conceptuses were obtained after conventional artificial
insemination, except day 16 conceptuses, which were obtained after superovulation of
cows. Up to 20 days of pregnancy, a regular Foley catheter (17G, TFX Medicals.
Wycombe. England) was used to collect embryos. For conceptuses older than day 20. a
metal tube of 6 mm inside diameter connected with a 50 ml syringe was inserted through
the cervix around a stainless steel cervical expander; with this system the conceptus
broke into pieces if it was too big to fit through the lumen. Flushing was performed by
filling the uterus with modified Dulbecco’s phosphate-buffered saline (PBS) (Elsden and

Seidel, 1995) containing 0.1% BSA with a 50 ml syringe. Upon collection. all tissues
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were washed in Mg"™ and Ca™ -free PBS 3 times, and frozen and stored in liquid
nitrogen until analyzed. Total cellular RNA was isolated by the guanidium thiocyanate
method (Chomczynski and Sadler. 1987). All RNA preparations were treated with
RNase-free DNase (20 U, Ambion, Austin, Texas) for 15 min at 37°C.

For the ribonuclease protection assay (RPA) with total cellular RNA. specificity
of each probe was tested by hybridization with all of the other bIFN-t sense RNA
constructs. Ribonuclease protection assays were conducted using an RPA III kit
(Ambion. Austin. TX). according to the manufacturer’s instructions. by using 5.0 ug total
cellular RNA from bovine conceptuses. RNA was hybridized with 10° counts per minute
(c.p.m.) of each anti-sense RNA probe (1.4 x10® c.p.m. / pg) and 10° c.p.m. of bovine
GAPDH anti-sense RNA probe (1.4 x10% c.p.m. / ug) at 45°C overnight. RNase
(10ug/ml RNase A. 200 U/ml RNase T1) then was added to the mixture for 30 min at
37°C. Protected fragments were separated by electrophoresis in 5% (w/v) acrylamide
gels containing 8 M urea. Dried gels were then exposed to XAR-35 film (Eastman Kodak.
Rochester, NY) on intensifying screens for 1-2 h. Gels from three different assays. each
representing distinct pools of conceptus RNA, were scanned, and optical density units for
full- length bIFN-1 subtype open reading frames and GAPDH fragments were
determined using Phosphoimager and Image Quant software (Molecular Dynamics.

Sunnyvak. CA ).

Results

Structural Analysis of bIFN-t Gene Variants
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Of the 20 million plaques screened from the genomic library, 21 positive clones
were initially detected. and 4 (designated IFN-wbl. IFN-tbl, IFN-tb2, and [FN-1tb3)
were chosen for sequencing on the basis of restriction enzyme digestion and ease of
subcloning. Between 2.9 kb and 3.7 kb were sequenced. depending on the individual
gene. On the basis of the nucleotide sequence similarity to other bIFN-t (Stewart et al..
1990) in the both coding region and untranslated regions, it was concluded that three
clones were bIFN-1 variants with 2.3 kb of putative promoter region. and one was a
bIFN-w gene. No premature terminations were present in any of the bIFN-t genes or the
bIFN-w clone. The three new bIFN-t variants have 585 nucleotides of open-reading
frames encoding a 195 amino acid protein that contained a putative 23 amino acid signal
peptide which has been inferred by Imakawa et al.. (1989) followed by a 172 amino acid
mature protein (Figure 2-1 and Table 2-1). The bIFN-w variant (IFN-wbl) had 585
nucleotides of open-reading frame that encodes a 195 amino acid protein (Appendix 2).
Sequence comparisons revealed that the coding region of this clone matched a bIFN-w
gene previously cloned (Stewart et al., 1990) with 100 % homology (Appendix 2):
however. there were a number of base pair differences in the putative promoter regions
(Appendix 2).

Overall sequence differences were highly variable among the bIFN-1 subtypes:
0.9-14 % in the promoter region, 0.0 —=7.0 % in the coding region. and 0.0 —9.8 % in
deduced amino acid sequences (Figure 2-2 and Table 2-2). Of the three bIFN-1 gene
clones, one (IFN-tb1) showed highly variable nucleotide sequences. particularly in the 5°
distal promoter region. Of the remaining 2 clones, nucleotide sequences of one clone

(IFN-1b2) perfectly matched a previously cloned bIFN-t variant (bIFN-12) (Stewart et
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Table 2-1. Alignment of Predicted Amino Acid Sequence of Bovine IFN-1 Subtype Genes.

Asterisks mark amino acid sequence differences between subtypes. bIFN-11 and bIFN-12 were cloned

by Hansen et al., (1991) and Stewart et al., (1990).

INF-1bl
bIFN-12
INF-1tb3
bIFN-11
INF-1tb3
Consensus

INF-1bl
bIFN-12
INF-1b2
bIFN-11
INF~-1b3
Consensus

INF-1bl
bIFN-12
INF-1b2
bIFN-T1
INF-1b3
Consensus

INF-1bl
bIFN-12
INF-1b2
bIFN-11
INF-1b3
Consensus

MAFVLSLLMA
MAFVLSLLMA
MAFVLSLLMA
MAFVLSLLMA
MAFVLSLLMA
MAFVLSLLMA

SCLQDRKDFG
PCLQDRKDFG
PCLQDRKDFG
PCLQODRKDFG
PCLQDRKDFG
PCLQDRKDFG
*

NTTLLEQLCT
NTTLLEQLCT
NTTLLEQLCT
NTTLLEQLCT
NTTLLEQLCT
NTTLLEQLCT

HVYLKKKEYS
HVYLKEKEYS
HVYLKEKEYS
HVYLKEKEYS
HVYLKEKEYS
HVYLKEKEYS

*

LVLVSYSPGR
LVLVSYGPGR
LVLVSYGPGR
LVLVSYGPGR
LVLVSYGPGR
LVLVSYGPGR
*
LPWEMVEGDQ
LPQEMVEGNQ
LPQEMVEGNQ
LPQEMVEGNQ
LPQEMVEGSQ
LPQEMVEGNQ
* *
GLHQQLDDLD
GLQQQLEDLD
GLQQQLEDLD
GLQQQLEDLD
GLQQOQLEDLD
GLQOQLEDLD
* *
DCAWEIIRVE
DCAWEIIRME
DCAWEIIRME
DCAWEIIRVE
DCAWEIIRVE
DCAWEIIRVE

*

SLGCYLSENH
SLGCYLSEDH
SLGCYLSEDH
SLGCYLSEDH
SLGCYLSEDH
SLGCYLSEDH
*
LOKDQAISVL
LOKDQAISVL
LOKDQAISVL
LOKDQAISVL
LOKDQAISVL
LOKDQAISVL

ACLGQVMEEK
ACLGPVMGEK
ACLGPVMGEK
ACLGPVMGEK
ACLGPVMGEK
ACLGPVMGEK
* *
MMRALSSSTS
MMRALSSSTT
MMRALSSSTT
MMRALSSSTT
MMRALSSSTT
MMRALSSSTT

*

MLGARENLRL
MLGARENLRL
MLGARENLRL
MLGARENLRL
MLGARENLRL
MLGARENLRL

HEMLQQCENL
HEMLQQCFENL
HEMLQQCENL
HEMLQQCLNL
HEMLQQCFNL
HEMLQQCFNL
*
DSALGRMGPI
DSDMGRMGPI
DSDMGRMGPI
DSDMGRMGPI
DSDMGRMGPT
DSDMGRMGPI
* %
LQERLRKIGG
LOQKRLRKMGG
LOKRLRKMGG
LOKRLRKMGG
LQKRLRKMGG
LOKRLRKMGG

* *

LAQOMNRLSTH
LARMNRLSPH
LARMNRLSPH
LARMNRLSPH
LARMNRLSPH
LARMNRLSPH
* *
FHTEHSSAAW
FYTEHSSAAW
FYTEHSSAAW
FYTEHSSAAW
FHIEHSSAAW
FYTEHSSAAW
*
LTVKKYFQGI
LTVKKYFQGI
LTVKKYFQGI
LTVKKYFQGI
LTVKKYFHDI
LTVKKYFQGI
* ok
DLNSS
DLNSL
DLNSL
DLNSL
DLNSL
DLNSL

*

50
50
50
50
50
50

100
100
100
100
100
100

150
150
150
150
150
150

195
195
195
195
195
195




IFN-1b1  ..... e S e e A, L.
IFN-tb2 = ..... C..C ittt tei e Coleiiiies ca. G. ...,
bIFN-12 = ..... o Ceieiiites cinaa G. ...
bIFN-t11 = ..... C..C. o iiieiiis tiieiiaen. Cereee i ies teeaa G. ..t
IFN-tb3 ..... C..C. it it Covevrinne coeneense G. ...

Consensus ATGGCYTTYG TGCTCTCTCT ACTGATGGCC YTGGTGCTGG TCAGCTACRG CCCGGGACGA

IFN-tbl .. ....... S AL
IFN-tb2 = ......... G it e e i et ittt ittt et ecaieeee ererreeens PO <
bIFN-12 = ......... G i e i et e Y <
bIFN-11  ......... G e it ittt tieceeeeee teereeanas R =
IFN-tb3 = ......... -, GLLaL...

Consensus CTGTCTGAGR ACCACATGCT AGGTGCCAGG GAGAACCTCA GGCTCCTGGC CCRAATGAAC

IFN-:bl e WAL U o 3 € U - .TGAL ...
IFN-tb2 = ......... T Y TCA.. ceveennennn ...CAA. ...
bIFN-12 = .. ....... D TCA.. .......... ...CAA. ...
bIFN-11 ......... Y TCA.. .......... ...CAAL ...
IFN-tb3  ......... G e e e TCA.. .......... .CAG.
Consensus YCCTGTCTGC ARGACAGAAA AGACTTITGGT CT‘!CCYYRGG AGATGG’!GGA GGGYRRCCAG
IFN-tbl .. ... seeaaen L= Teve cecennne C. ..C..on..e
IFN-tb2 = ... cee-a.. S e T. .Collll
bIFN-12 e DU P S o
BIFN-tl = ... ciiics ceeennen Cer et e e iiee . Cove e T. ..C.......
IFN-tb3 .. ...l ceee..n L o C. ..T.......

Consensus GCTATCTCTG TGCTCCAYGA GATGCTCCAG CAGTGCYTCA ACCTCTTCYA CAYAGAGCAC

D8 2 3 @ = AL b Teenenn. T
IFN-1b2 = .. ...t tieeccntts cenraanans «.G..... A. ..., G........ (o4
DBIFN-12 = ... iiiere cereraccas cornseeens <.G..... A, ool G........ c
bIFN-t1 cheesasans ceeeecetrs cevtrenraen Gl AL Lol G..oovnn c
IFN=-1DB3 ettt et i ceaeaanans O PN L G........ (o4

Consensus AACACCACCC TCCTGGAGCA GCTCTGCACT GGRCTCCAWC AGCAGCTGGA KGACCTGGAY

IFN-tbl  ....... A.. ....A ... JE o [
IFN-1b2 ceneesaGon Ll ALl LAALL Lttt s et Tevveeeon-
bIFN-12  ....... G.. ...-A..... O Toovuiaane
bIFN-tl  ....... G.. ....A..... B S e f PN
IFN-tb3  ....... G.. ....G..... O T Teeevnennn

Consensus GTGATGGRAG AGAARGACTC TGMIMTIGGGA AGGATGGGCC CCATTCTGAC YGTGAAGAAG TACT‘!‘CCAKG

IFN-tbl  ..... G.... -.... AG..G........ Loy PR c
IFN-th2  ..... Coone vnnnn G.A.. A........ S sl AL
bIFN-12  ..... Coone cie G.A.. A........ e U LW AL Ll
bIFN-11 veaesCliil Ll G.A.. A........ e S, RS «
IFN-th3  ..... C.ocs ovne G.A.. G........ b S PP « P

Consensus CATGTSTACC TGAAARARAA RGAATACAGY GACTGCGCCT GGGAAATCAT CAGARTGGAG ATGATGAGAG

IFN-tbl .......... T T £ TC.

IFN-tb2  .......... -..Coolll. A e e et G. ittt i CcT.
BIFN-12 = .......... ...Clo . G. i iiiiiee e CT.
bIFN-11 e [ o I G teiiiiiiie ceeeee. CT.
IFN-tb3 .......... ceCul... P G. ittt e cT.

Consensus TCTTCATCAA CCASCTTGCA ARAAAGGTTA AGAAAGATRG GTGGAGATCT GAACTCAYYT

225
225
22s
225
225
225

300
300
300
300
300
300

375
378
375
37s
37s
375

450
450
450

450
450

525
528
525
525
525
525

588
588
588
588
588
s8a8

Figure 2-1. Homologies between [FN-tau Coding Regions. bIFN-t1 was cloned by
Hansen et al.. (1991) and bIFN-t2 was cloned by Stewart et al.. (1990) respectively.

Only mismatches are shown.
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Table 2-2. Pairwise Comparisons of Differences in Coding Sequences of bIFN-1 Variants

IFN-1bl
IFN-1b2
IFN-1tb3
bIFN-t1

bIFN-12

*  bIFN-11 - Cloned by Hansen et al., (1991)
** bIFN-12 - Cloned by Stewart et al., (1990)

IFN-1bl IFN-tb2 IFN-1b3 bIFN-t 1* bIFN-12**
9.8 9.8 9.8 9.8
6.8 2.6 1.2 0
7.0 1.8 2.6 2.6
7.0 0.7 1.8 2.6
6.8 0 1.8 0.7

Nucleotide Scquence Difference (%)

Amino Acid
Sequence
Difference
(%)
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Figure 2-2. Homologies between [FN-tau Promoter Regions.

Probable regulatory elements are indicated as follows: viral regulatory elements

boxed in solid lines; negative regulatory domain-1 (NRD 1) sites are boxed in

broken lines and marked: interferon responding factor-1 binding site (IRF-1). positive
regulatory domain-1 and =2 (PRD 1 and 2) sites are also boxed in broken lines and
marked: NRE site is the negative regulatory element found in renin and other genes
(Barret et al.. 1992). TATA boxes and transcription start sites are indicated with bold
characters. An ETS-2 site is boxed in a broken line. bIFN-11 was cloned by

Hansen et al., (1991). * Asterisks mark sequence differences between subtypes.
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al.. 1990). All of the known putative regulatory elements including several virus
inducible elements (GAAANN). a couple of interferon responding factor-1 (IRF-1)
binding sites (AAGTGA or AACTGA). and an Ets-2 binding site (CAGGAAGTG) were
remarkably well conserved across the clenes (Figure 2-2) except one of new clones. IFN-
1bl. was missing one [RF-1 binding site (mutation from AACTGA to AAATGA) and
one NRD-1 site (mutation from GTTCC to ATTCC). A putative TATA box
(TATTTAA) starting 33 bases upstream from the transcription start site and 100 bases
from the ATG start codon was present in all clones.

The IFN-1bl clone showed a base mismatch at position —79 where an A residue
mutated to C. compared with rest of clones. This position may be important for
transcriptional expression of bIFN-t genes by Ets-2 factor as indicated by Ezashi et
al.(1998). In addition, there was a single base pair mismatch in the negative regulatory
element. located in the region —95 to —116. of IFN-1tb3 and IFN-1tbl clones (from C to T
residue transition). In the distal silencer element. located in the region —302 to —338.
three base pair mismatches were found among the bIFN-1 clones. However. the roles of
these mismatches remain uncertain. In the distal promoter region that extended
approximately 500 bp upstream from the cloned bIFN-t1 gene (Hansen et al.. 1991).
several putative transcriptional elements were found. Among them are a couple of Ets-1
binding sites and CEBP binding sites (Appendix 1); however, their functionalities remain
to be elucidated.

Differences in the inferred amino acid sequences for the bIFN-t genes are
illustrated in Table 2-1. Clone IFN-1bl displayed a total of 40 nucleotide changes

accounting for 20 aa substitutions compared to bIFN-t1. The remaining 2 clones showed
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minor variability: 4 nucleotide changes accounting for 2 aa substitutions for IFN-1b2 and
10 nucleotide changes accounting for 5 aa substitution for [FN-tb3. The nucleotide and
aa sequences of [FN-tb2 was perfectly matched to those of bIFN-t2 (Figure 2-1. Table
2-1). These various aa substitutions resulted in different bIFN-1 proteins differing in

charge and isoelectric point.

mRNA Abundance of Bovine Conceptus [FN-r Variants

The relative abundance of mRNA for [IFN-tbl. IFN-tb2. [FN-tb3 and bIFN-t!
variants were assessed at different developmental stages of bovine embryos. As shown
on representative autoradiographs (Figures 2-3 and 2-4). mRNA was detected for the
IFN-1tb2. [FN-1b3. and bIFN-11 variants up to day 25 conceptuses. as reflected by the
presence of full-length protected riboprobe fragments after RNase digestion. However.
one of new clones (IFN-tbl) had no detectable transcripts at any stages of pregnancy
examined even though this subtype gene had a well conserved proximal promoter region.
Quantities of bIFN-11 and IFN-tb2 mRNA were similar within each stage of
development and were higher (P< .01) than that of IFN-tb3 over most of developmental
stages and replicates tested (Figure 2-5). A possible polymorphism was noted in the IFN-
b3 variant. which was barely expressed on day 20 in one embryo (Figure 2-4). This was
confirmed by protected fragments of smaller size which represent the presence of bIFN-1
transcripts that contained stretches of sequences that were identical to parts of these
probes were abundant up to day 25 embryos, but ceased to appear later, indicating that
after day 25 of pregnancy, all of the bIFN-1 genes, regardless of subtype. shut down their

transcriptional activity.
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Figure 2-3. Results of RNase Proctection Assay Using Total Cellular RNA from Different Developmental
Stages of Bovine Embryos. RPA were performed on total cellular RNA (5 pg) from bovine conceptuses by
using ¥2P-labeled riboprobes for bIFN-t variants and for bovine GAPDH as internal control. The sizes of
riboprobes for bIFN-1 are 585 nt regardless of subtypes, so only a single probe is shown here. The protected
fragments were 585 nt for all bIFN-t variants and 150 nt for GAPDH. Notice that mRNA representing
each bIFN-1 subtypes ceased to appear from day 27 of gestation. CT-1 is a bovine embryo trophoblast

cell line. In these cells, none of bIFN-t transcripts was detected.




‘uoissiwiad noyum pauqiyosd uononpoidas Joypng “1sumo JybuAdos ay) Jo uoissiuad ypum psonpoiday

8S

Agesof Embryos 2 :_% D16 D20 D25 D30
£ 333738373 2373 % 8 3
Pmbes ' 1 ' IE ] [] |E| 1 'E. 4 OE
.
85t ' <— bIFN-1
257 nt ——

?q— GAPDH
*

* Notice that IFN-tb2 transcripts are missing in this particular day 20 embryo, possibly due to allelic differences.

Figure 2-4. Results of RPA using Total Cellular RNA from Various Developmental Stages of Bovine Embryos
different from Fig 2-3. All procedures for RPA were same as in Fig 2-4, however, different pools of embryos
were used in this replicate.



Optical Density (OD)

IFN-tb1**  IFN-tb2* IFN-1b3 " BIFN-tl

bIFN-t Variants

* Relative amounts of [FN-tb3 were lower than IFN-tb2 within and between

stages of development up to day 20 (P<.01).
** The amount of IFN-tbl mRNA was lower (P<.01) than that of other variants
up to day 25, at which time the transcripts of bIFN-t were barely detectable.

Figure 2-5. Differences in Amount of mRNA for bIFN-t Variants During
Early Conceptus Development. Optical densities (OD) for each mRNA were
normalized by OD of GAPDH in each given reaction. There were 5 replicates in this

experiments using different embryos or pools of embryos, and error bars
represent standard deviations. OD for each mRNA within and between stages of

development were analyzed using ANOVA plus Tukey’s multiple comparison
test.
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Discussion

The present studies confirm that bIFN-t is encoded by multiple. distinct genes in
cattle. However, there are no available data indicating exactly how many genes exist:
some of the constructs cloned could be allelic. The functional significance of multiple
genes and proteins for bIFN-t remain to be elucidated. However. they might play a
distinct role in the process of maternal recognition of pregnancy as suggested by work
using ovine counterparts o[FN-t variants (Ealy et al.. 1998). In addition. there is a
suggestion that individual bIFN-t subtype proteins exert different degrees of antiviral
and antiproliferative activity (Alexenko et al.. 1997).

Current studies focused on the finding new bIFN-t variants with sequence
differences in both promoter and coding regions with an objective of finding new insights
into mechanisms involved in transcriptional regulation of this gene. In contrast to a
previous report (Cross and Roberts. 1991), we found the 1.8 kb bIFN-t1 promoter would
not drive reporter gene expression in human chorionic carcinoma cells (Jar cells) (not
presented). Jar cells tend to drift in genetic makeup in culture. which might explain this
discrepancy. Furthermore, endogenous [FN-1 is not found in these cells. and they may
be missing some critical components for activation of this gene promoter. In another
experiment (not presented), the CT-1 cell line, which originated from bovine
trophectoderm. did not support any detectable levels of expression of the promoter /
reporter gene construct (bIFN-t1 1.8kb- luc or gal). Later. it was found that the CT-1
cells did not transcribe any bIFN-t variant mRNAs to any extent. Thus, it is not yet clear

if the lack of activity of the 1.8 kb bIFN-t 1 promoter is due to an incomplete, short
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promoter or absence of cell lines that can support this promoter. In any case, the cloned
bIFN-1 1 gene promoter seems so weak that unless an external enhancer element or
stimulus is provided. little or no expression is induced in transfected cell lines (Ezashi et
al.. 1998:; Guesdon et al.. 1996).

A subtle nucleotide change in a transcriptional regulatory motifs might affect
promoter activity greatly as shown by one promoter induction assay (Ezashi et al.. 1998).
This group found a 2 base deletion and lack of the core GGAA motif in Ets-2 binding site
of IFN-t gene promoters abolished expression of the reporter gene (luciferase) in Jar
cells co-transfected with an Ets-2 expression vector (CMV-Ets-2). We found one of our
bIFN-1 clones. IFN-tbl. did not express any detectable levels of mRNA in early bovine
embryos. even though the putative Ets-2 binding site was well conserved with intact core
motif. Notably. this subtype showed extreme sequence differences in the distal promoter
region compared to the other subtypes. which showed minor degrees of base substitutions
(14% vs 2%) (Appendix I). This may indicate that sustaining the high degree of bIFN-1
gene expression is regulated by an element(s) located farther upstream than in known
sequences. All of the new bIFN-1 gene clones have 2.3 kb putative promoter regions
which are approximately 500 bp longer than previously cloned bIFN-1 1 promoter
(approximately 1.8 kb). In the distal 5" region, several transcriptional regulatory
elements including Ets-1 binding sites and CEBP binding sites were found. However. the
functionality of those motifs has not been tested .

As indicated by studies using the closely related ol FN-1 isoforms, multiple
bovine IFN-1 gene products may exert different roles at the level of the feto-maternal

interface with different biological activities. In structure-function studies (Klemann et
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al.. 1990: Li and Roberts. 1994b: Niswender et al.. 1997; Senda et al.. 1995). mutation
of amino acid residue(s) in the carboxy terminal of olFN-t affected receptor binding,
antiviral. and antiproliferative activities significantly. The same effect also was observed
in the human [FN-o4 gene (Cheetham et al., 1991). Thus, the various substitutions
found in bIFN-t genes in the present study could alter the biologically active domains as
well as other regions of bIFN-1. resulting in proteins that differ in biological function.
This may be true for clone IFN-1bl if it were expressed, in which Lys 160 was
substituted with Glu 160. The deletion of this position reduced antiviral activity to 14 %
of control. removed antiproliferative activity completely, and had little effect on receptor
binding (Li and Roberts. 1994b). Moreover. another clone. IFN-1b3. showed an aa
substitution at position 126 from Gly to Asp. Glycine at this position is known to confer
flexibility for receptor binding of IFN-1 molecules (Senda et al.. 1995).

The ribonuclease protection assay is a sensitive, quantitative means of
distinguishing mRNA populations that differ from each other in as little as a single base.
In our experiments. each IFN-1 anti-sense probe differentiated from the others. even if
there were only 4 base differences (IFN-1b2 vs bIFN-11 in Figure 2-6). Notably. several
smaller bands appeared if sense RNA and anti-sense probe were not matched perfectly.
The smaller bands arose because of the considerable degree of sequence identity present
among the bIFN-1 subtype genes tested. The same features were observed when total
cellular mRNA from various developmental stages of bovine embryos was used.
However, this may partially be due to the presence of allelic variants of the genes in
addition to sequence similarity. By using highly specific probes. amounts of particular

subtype gene transcripts were measured successfully.
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* The probes had different sequences representing individual bIFN-t subtypes. However, the size was 585 nt regardless
of subtype, thus only a single probe is shown here.

** [FN-1b2 and bIFN-1 | shared more than 99 % homologies in their coding regions (4 nucleotide differences out of 585
nucleotides), therefore the background signals due to incomplete digestion of probes by RNases was relatively high
compared to other combinations. However, the amount of signal were less than S % of perfectly matched combinations
(i.e., IFN-1b2 vs IFN-1b2 and bIFN-11 vs bIFN-11).

Figure 2-6. Test of Specificity of Bovine IFN-t Subtype Probes. RNase protection assays were
performed using in vitro transcribed sense RNAs (10 ng) of different bIFN-t subtypes plus anti-
sense riboprobes (10° cpm /probe: 1.4 x 10°® cpm / ug). Full length protected fragments were 585 nt
for all IFN-t riboprobes. Perfectly matched sequenced are represented in bold characters.



On the basis of the amount of mMRNA corresponding to the bIFN-t subtype genes.
it appears that these genes are differentially transcribed during pregnancy (Figures 2-4
and 2-5). Transcripts for [FN-tb2 and bIFN-11 predominated, compared to those for
IFN-1b3. on day 20 of gestation. [n contrast to IFN-1b2 and bIFN-11 mRNA. [FN-1bl
transcripts were not detected in any stage embryos or in the different pools of embryos
tested. Obviously, there were several smaller protected bands were present, indicating
that very similar but not quite identical transcripts are abundant in given samples of
mRNA. Furthermore. amounts of transcripts for [FN-1b3 were quite variable from one
embryo to another. On one occasion. they were totally missing in day 20 bovine embryo
preparations, indicating that this subtype gene might be a polymorphic allelic gene.

Overall transcriptional expression of bIFN-t lasted up to day 25 of pregnancy at
which time most of subtype gene transcripts were barely detectable. These results are not
in agreement with a previous report that bIFN-1 protein could be detected up to day 36 of
pregnancy (Godkin et al.. 1988). However. considering that IFN-1 gene expression
nearly ceased at the time that the trophoblast and the uterine epithelium make contact as
indicated by studies using ol FN-t genes, the complete turn off timing of these genes
seems to be between day 25 and day 27 of pregnancy. Furthermore. recent reports
utilizing the same technique support our observations (Liu et al.. 1997: Winkelman et al..
1999). The observed pattern of transcripts further suggests that expression of these genes
peaked around day 16 of pregnancy and then declined gradually up to day 25 of
pregnancy at which time transcripts are hardly detectable. Except IFN-tbl which
showed no transcription. this phenomenon was universally observed regardless of

subtypes of the gene.

64

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



In summary, we have confirmed the existence of at least three different functional
bIFN-1 genes and their differential expression patterns during early pregnancy of cattle.
A major function of multiple copies may simply be to increase the amounts of this
protein produced. which after all is needed for perpetuation of the species. This gene
multiplicity suggests that bIFN-t may be functionally heterogeneous. The differences in
amino acid sequences of at least some of the IFN-1 genes are certainly substantial
enough to allow for proteins with quite different properties. This appears to be the first
documentation of a possible polymorphic bIFN-t variant (IFN-tb3). and a
transcriptionally inert bIFN-1 variant (IFN-tbl) showing extreme sequence variation in
the distal 5° upstream region but little variation proximally, suggesting that regulation of
expression of these genes may be controlled by the putative regulatory elements located

in the far upstream region of the promoters.
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CHAPTER 111

A DISTAL 500 BP UPSTREAM REGION OF THE BOVINE INTERFERON-TAU

(bIFN-1) GENE CONTAINS ENHANCER-LIKE ACTIVITY

ABSTRACT

Transcriptionally active nuclei were prepared from day 20 and 45 bovine
embryos. Jar cells. Hela cells. and STO cells. Rheus monkey simian virus promoter
directed efficient transcription by RNA polymerase in all of these nuclei, whereas bIFN-t
promoters directed more active transcription in day 20 bovine embryo nuclei than other
cell nuclei. A 500 bp DNA fragment from the 5° end of a new bIFN-1 clone. [FN-tb2.
functioned as a general enhancer. Insertion of this sequence into both tyrosine kinase and
prolactin minimal promoters increased activities of these promoters (P<.05) in all cell
nuclei tested. Deletion of these sequences from the original promoter reduced
transcriptional activity significantly in all of the cell nuclei tested. However. the
enhancer effect of the 500 bp portion of the bIFN-t gene promoter on transcription was

not tissue-specific.
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INTRODUCTION

Massive amounts of interferon tau (IFN-1) are secreted by the developing
conceptus during maternal recognition of pregnancy in ruminants. These small proteins
are known as antiluteolysins. and act directly on the endometrium of pregnant animals to
block episodic release of prostagladin-F.a. As a consequence. progesterone production is
maintained. and pregnancy can proceed ( Bazer et al.. 1991: Helmer et al.. 1989:
Roberts, 1989; Stewart. 1990: Thatcher et al.. 1989). Similarly to their close relatives.
type [ IFNs. interferon-t are encoded by multiple subtype genes with substantial
sequence variation (Capon et al.. 1985; Charlier et al.. 1989: Charlier et al.. 1991:
Imakawa et al.. 1989; Lund et al.. 1984; Roberts et al.. 1991: Streuli et al.. 1980:
Weissmann et al.. 1982). Sequence differences are found both in coding regions and
putative promoter regions among the bIFN-1 variants; this could give rise to differential
expression of these genes during early embryonic development in cows and sheep (Ealy
et al.. 1998: Nephew et al.. 1993) (also see chapter II). However. general features of
these variants are very similar.

Conspicuously. all known IFN-t gene variants posses a very well conserved 3°-
untranslated region (3°UTR) which is an important parameter used to assign [FN-t asa
unique member of [FN-o gene family (Hansen et al., 1991; Stewart et al.. 1990). In
proximal promoter regions, there are several transcriptional regulatory motifs which also
are well conserved across subtypes and across species (Guesdon et al., 1996; Hansen et
al.. 1991). Among them. however. only the Ets-2 site and a couple of negative

regulatory domains seem to be functional regulatory elements. Other motifs found are
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virus response elements, IFN regulatory factor binding sites. activating transcription
factor (ATF)/cAMP response elements. and Oct-like factor binding sites. All of these
elements are found in Type I IFN genes and play very important roles in regulation of
gene expression. However, none of them seems to function in [FN-t genes as shown by
stably transfecting Jar cells with 1.8 Kb bIFN-t 1 -reporter gene constructs (Leaman et al..
1994). Virus is a primary inducer of type [ [FN genes. in which only 120 bp from the
putative transcription start site are required for full scale transcription (Goodbourn and
Maniatis. 1988: MacDonald et al.. 1990: Ragg and Weissmann. 1983): however. [FN-t
genes respond very poorly to virus (Guesdon et al.. 1996: Leaman et al.. 1994).
Therefore. it is clear that the mechanism(s) underlying regulation of IFN-t gene
expression is quite different from other common type I interferon genes.

There has been a suggestion that initial onset of bIFN-1 gene expression is a
genetically programmed event. but maternally-derived factors enhance expression of
these genes (Hernandez-Ledezma et al., 1992a). Supporting evidence was found in one
ovine [FN-t variant in which the promoter region contained a putative AP-1 binding site
which responded to granulocyte macrophage-colony stimulating factor (GM-CSF)
(Imakawa et al., 1993). Insulin-like growth factor-I and —II (IGF-I and —II) also
enhanced expression of the olFN-t gene when added simultaneously in day 13 ovine
embryo culture medium. Those cytokines were found in uterine fluids regardless of
pregnancy status, but the amount of IGF-II was higher in pregnant animals (Ko et al..
1991). However, it is not clear whether the same regulatory scheme can be applied to
bovine IFN-t gene expression. For instance, GM-CSF did not enhance expression of

endogenous bovine nor ovine IFN-1 genes when added to culture media (De Moraes et
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al.. 1997). Therefore, it still remains to be elucidated whether maternally-derived
factor(s) are required for full transcription of IFN-t.

Among the factors hampering studies on regulation of IFN-1 gene expression, the
lack of apropriate cell lines derived from bovine or ovine trophoblast cells is most
problematic. since IFN-1 genes are expressed only in trophoblast cells (Guillomot et al..
1990; Lifsey etal,. 1989) and during limited times (Helmer etal., 1987). Finding or
making such cells would greatly facilitate IFN-t promoter analysis. Another issue is that
limited numbers of bIFN-t promoters have been available. So far. only a single bIFN-t
gene promoter (bIFN-1 1; Hansen et al.. 1991) has been studied to any extent. As
indicated by several studies, there must be several copies of these genes. and their
promoters may have different arrangements of transcriptional regulatory elements.
leading to differential expression.

Recently we cloned several bIFN-1 gene variants with considerable sequence
variations in both coding and 5° non-coding regions. Among them. the largest variation
was found in first 500 bp upstream region of a transcriptionally inert variant (IFN-tbl).
RNase protection assay (RPA) results showed that this bIFN-t subtype gene was barely
expressed regardless of pools or ages of embryos (see chapter II). Unexpectedly.
however. this variant showed remarkable conservation of proximal promoter sequences
(>98 %). Thus, we postulated that the core regulatory elements of bIFN-t genes might
be located in distal promoter regions instead of proximal promoter regions. To test this
hypothesis, the first 500 bp distal promoter region from the 5° end of a functional bIFN-1
gene was subcloned and tested using an in vitro transcription system. Here, we show that

this fragment of DNA behaves like a general enhancer.
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MATERIALS AND METHODS

Materials

Restriction enzymes were purchased from New England Biolabs (Beverly, MA).
[c(-3 2P] UTP was obtained from ICN Biomedicals (Cleveland. OH). RNase protection
assay kits and in vitro transcription kits were obtained from Ambion (Austin, TX).
dNTPs were purchased from Amersharm Pharmacia Biotech (Piscatawa. NJ). Specific
and non-specific protease inhibitors were purchased from Sigma (St. Louis, MO). and the
following final concentrations were used: 0.5 mM phenylmethyl-sulphonyl fluoride
(PMSF). 10 uM N-tosyl-L-phenylalanine chloromethyl ketone (TPCK). 10 uM No-p-
tosyl-L-lysine chloromethyl ketone (TLCK). 8 ul/ml of aprotinin. and 0.5 ng/ml each of

pepstatin. antipain and leupeptin. All other chemicals were purchased from Sigma.

Preparation of Nuclei from Bovine Embryos

Nuclei from day 16. 20, and 45 bovine conceptuses were prepared. To obtain
enough day 16 embryonic tissue, cows were superovulated and embryos were collected
nonsurgically using standard methods; approximately 4 embryos from the same cow were
used to make a batch of nuclei. For the other stages, single embryos were collected
nonsurgically from 3 cows at each stages of development after artificial insemination as
described in Chapter II. Upon collection, the conceptus was washed three times in Ca™
and Mg"" -free phosphate-buffered saline (PBS). and trophectoderm was isolated after
removing fetal tissues. All manipulations were carried out at 4°C from this stage on by

using solutions, tubes and centrifuge rotors that were prechilled to 4°C. Procedures for
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purification of nuclei were as previously described with slight modifications
(Hagenbuchle and Wellauer. 1992). Briefly. embryonic tissues were suspended in 10 ml
of 0.3M sucrose in buffer A (60 ml KCl, 15 mM NaCl, 0.15 mM spermine. 0.5 mM
spermidine. 15 mM Hepes (pH 7.8). 14mM mercaptoethanol, 0.5% Nonidet P-40 and
protease inhibitors as described above). Cell disruption was performed by stroking an all
glass Dounce homogenizer (B-type pestle) until more than 95% of cells were lysed as
judged by light microscopy. For the rigid day 45 embryos, a motor driven tissue
homogenizer (Polytron, Brinkman Instruments. NY) was used initially. and then the cell
suspension was filtered through 100 um mesh gauze before lysing using the Dounce
homogenizer. Homogenates were then layered on top of a 10 ml cushion of 0.9 M
sucrose in buffer A without Nonidet P-40 and centrifuged for 10 minat 750 X gina
Beckman 7.8 rotor. The nuclear pellet was resuspended in 10 ml of 0.3 M sucrose in
buffer A and 0.2% Nonidet P-40 by homogenization in a Dounce homogenizer (3 strokes.
B-type pestle) and recentrifuged over 10 ml 0.9 M of sucrose. The nuclear pellet was
resuspended in 1ml of buffer B [75 mM Nacl. 0.5 mM EDTA. 20 mM Tris.KClI (pH 7.9).
0.8 mM dithiothreitol (DTT). 0.1 mM PMSF and 50% glycerol] by repeated passage
through a micropipette tip. The concentration of suspension was adjusted to 5 X 10°
nuclei/ul by removing extra buffer after centrifugation at 14000 rpm at 4°C for 2 minina
microcentrifuge. This nuclear suspension was used directly or stored at —=70°C prior to

use.

Cell Culture
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The Hela. STO. and Jar cells were cultured in Dulbecco’s modified Eagle’s
medium supplemented with 10% fetal calf serum at 37°C in 5% CO; in air. For
homogenization, approximately 10° cells were resuspended in 10 ml of 0.3 M sucrose in
buffer A containing 0.5% Nonidet P-40 and disrupted using the same procedures

described above.

Construction of DNA Templates

Subcloning of 500bp Distal Promoter from a bIFN-t Subtype Gene

Previous ribonuclease protection assays (RPA) showed no indication of
polymorphism of one of the new bIFN-t subtype genes (IFN-tb2). Thus. we chose this
particular cloned promoter fragment for testing. To obtain the distal 500 bp fragment. a
Kpnl to Xbal fragment of the IFN-tb2 5’ region was isolated, subcloned into pBluescript
[ KS™ cloning vector (Stratagene, La Jolla. CA) and amplified. This fragment was later
isolated and ligated to the upstream of a bIFN-t 1 1.8 kb-luc reporter construct (bIFN-:1
1.8luc) to extend promoter size to 2.3 kb (bIFN-:1 2.3luc). The same fragment (Kpnl to
Xbal) was also inserted in front of a tyrosine kinase-pGL2 vector (TK-pGL2) and a
prolactin-pGL2 vector (PRL-pGL2) (generous gifts from Dr. C Clay, Colorado State
University. CO) both of which contained only a minimal promoter region. Other [FN-t
subtype gene promoters (IFN-tbl, IFN-tb2, IFN-tb3: all are about 2.3 kb in length) and
the bIFN-t1 1.8 kb region were inserted into Kpnl and Nhel sites of pGL2-basic vectors
(IFN-1tbl / luc, IFN-1b2 / luc. IFN-1tb3 / luc. and bTP-1.8 / luc respectively). To
generate truncated 1.8 kb I[FN-1tb2 / luc, the first 500 bp from 5°end of bTP-sf was

removed by digestion with Xba I and Kpnl and religated after blunting the 5° and 3’
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overhangs with T4 DNA polymerase. Before in vitro transcription. all of the templates
were linearized with Smal whose recognition site was located a few base pairs upstream
from the 5° end of the subcloned promoters.

To generate antisense probes for bIFN-1 / luc templates. this luciferase coding
region from Hind III to Spil sites (231 bp) was isolated from pGL2-Basic vector
(Strategene. La Jolla, CA) and religated into pBluscript I KS™ vector (Strategene, La
Jolla. CA). To make antisense probes for RSV/ luc, the luciferase coding region from
HindIII to Scal sites (200 bp) was isolated from pGL3-basic vector (Strategene. La Jolla.

CA) and ligated to HindIIl and Smal sites of pBluscript II KS™ vector.

In Vitro Transcription Assay

Transcription reactions (50 pl) contained 2 pg of linear DNA template and
various numbers of cell nuclei in a buffer containing 15 mM Hepes (pH 7.6). 80 mM
KCI, 6 mM MgCl,. 25 mM each of NTPs. 14% glycerol. 2 mM creatinine phosphate.
0.04 pg/ul poly di:dC. 2 mM DTT, and 0.1 mM EDTA. After 1 hr of incubation at 30°C.
the reaction was terminated. Approximately 20 ul of reactions were coprecipitated with
0.5 x 10° count per minute (cpm) of 32p-labelled luciferase antisense probe (1.4 x 10*

c.p.m. / ug) for the RPA.

Measurement of Protein in In Vitro Transcription Reactions
Because of the difficulty of counting precise numbers of nuclei in a given sample.
protein content was measured using the BCA protein assay reagent kit (Pierce. Cat #.

23223. Rockford, IL). All procedures were essentially the same as the manufacturer’s
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instructions. However, trichloroacetic acid (TCA) protein precipitation was performed
prior to the protein assay to eliminate possible interference by several in vitro
transcription buffer components. Briefly. a 10 ul mixture of each in vitro transcription
reaction was mixed with 5 ul of 100 % TCA. vortexed thoroughly and placed in —20°C
freezer 15 min before centrifugation at maximal speed of a microcentrifuge for 10-15
min. The supernatant was removed, and the pellet was resuspended in 100 ul of 0.1M
NaOH solution. Then 10 ul of the suspension was used for the BCA protein assay. The
amount of protein was measured using the microtiter plate protocol at a wavelength of
562 nm in a Labsystems multiskan RC scanner (Fisher Scientific. Houston. TX). The
protein concentration for each sample was determined using a standard curve generated
with bovine serum albumin. The calculated concentration of protein in a given sample

was then used to normalize optical density of the same sample.

Ribonuclease Protection Assay (RPA) and Quantification of Transcripts

Generation of antisense RNA probes was performed using an in vitro
transcription kit (Ambion, Austin, Texas) with 2 ug of template DNA according to the
manufacturer’s instructions. RPA was carried out using an RPA III kit (Ambion. Austin.
Texas) according to the manufacturer’s instructions using 20 ul of each transcription
reaction and approximately 0.5 x 10° cpm of probe. After overnight hybridization at
45°C. RNase (10 ug/ml RNase A, 200 U/ml RNase T1) was added to the mixture and
incubated for 30 min at 37°C. Protected fragments were separated by electrophoresis in
5% (w/v) polyacrylamide gels containing 8 M urea. Dried gels were then exposed to

XAR-5 film (Eastman Kodak, Rochester, NY) on intensifying screens for 2 h to
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overnight. Optical densities of bands representing specific transcripts were determined
using Phosphoimager and Image Quant software (Molecular Dynamics. Sunnyvak. CA).

Data were normalized based on the amount of protein in a given reaction.

Statistical Analysis

Each experiment was replicated 3 times using different batches of cells. different
embryos from day 20 and older. and pools of embryos for day 16. Analysis of variance
was used to compare effects of DNA constructs and various kinds of cell nuclei. Tukey’s
multiple comparison test was used to compare means. Regression analysis was used to
compare slopes of dose response reactions in experiment 2. All analyses were performed

using SAS (SAS. 1989, NC).

RESULTS

The 3' Distal Promoter Fragment (500 bp) of a New bIFN-r Clone Increased
Transcription

All of the new bIFN-t promoters including 1.8 kb bIFN-t 1 yielded detectable
amounts of transcripts in reactions containing 1 x 10° nuclei. Notably addition of the 500
bp DNA fragment to 1.8 kb bIFN-t promoter increased transcription approximately 2-
fold in both day 16 and 20 embryo preparations (Figure 3-1). This éxperiment was
replicated 3 times using different pools of embryos with similar results. When
actinomycin D ( 0.125. 0.25, 0.5 and 1.0 ug /ml) was added to the reaction containing 1 x

10° day 16 embryo nuclei and IFN-tb2 (2.3kb) / luc, it inhibited transcription effectively
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Figure 3-1. n vitro Transcription Using day 16 and 20 Bovine Embryo Cell
Nuclei as Transcription Factor Sources. Addition of 500 bp bTP-sf 5’ to 1.8 kb
bIFN-11 nearly doubled transcription. Addition of 0.25 ug/ml or higher
actinomycin D obliterated transcription.
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at 0.25ug/ml or higher. indicating that transcription was RNA polymerase-specific
(Figure 3-1).

Promoter /reporter Gene Constructs Were Transcribed in a Dose Dependent Manner and
Day 20 Bovine Embryo Nuclei Induced more Transcription of the IFN-th2 (2.3kb) / luc
Construct than Day 45 Bovine Embryo Nuclei.

In a preliminary experiment. extra nuclear extract drove non-specific
transcription; the promoterless pGL2 vector yielded detectable transcripts when more
than 8 units of HeLLa nuclear extract were used (1 unit is defined as the amount of nuclear
extract needed for incorporation of 50 fmol of nucleotides into 363 nucleotide transcripts
generated from the CMV immediate early promoter in 1 h at 30°C). The nuclei used in
our experiments are relatively crude, so direct comparison with HeLa cell nuclear extract
was impossible in terms of actual amounts of transcription factors. Thus. to determine
optimum numbers of nuclei for specific transcription. a second experiment was
performed using different numbers of nuclei (0.25, 1.0. and 1.0 x 10° respectively). Asa
negative control, day 45 bovine embryo cell nuclei were used. The yields of transcripts
were dose-dependent (Figure 3-2). IFN-1b2 (2.3kb) / luc yield depended on dosages of
cell nuclei and the developmental stage of embryos (P<.01). In the day 20 embryo
preparation, even 0.25 x 10° cell nuclei generated substantial transcription with IFN-1b2
(2.3kb) / luc and RSV / luc constructs. The pGL-2 basic vector did not showed dose-
dependent transcription activity in either day 20 or day 45 embryo preparations. The
RSV/luc construct clearly showed the dose-dependent transcriptional activity, regardless

of developmental stages of embryos. These results indicated that approximately 0.25 x
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IFN-tb2 / luc was transcribed significantly more in the day 20 than in day 45 embryo

preparations (P<.01), and the slope of increment of transcripts differed between the
two developmental stage embryo preparations (P<.01).

Figure 3-2. Dose Dependent Transcriptional Activities of IFN-tb2 and RSV
Promoters in day 20 and 45 Bovine Embryo Nucleus Preparations. Notice that
the promoterless pGL2-basic vector did not respond to different amounts of

nuclei.
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10° nuclei were sufficient for monitoring in vitro transcription. This number of nuclei

was used for subsequent experiments unless otherwise specified

An Upstream 500 bp 5° Region of I[FN-tbh2 Increased Transcription in Cells of
Trophoblast and Non-trophoblast Origin

The third experiment was performed to determine whether the most 5° end 500 bp
fragment functioned as a tissue-specific enhancer. For this experiment. nuclei from day
20 embryos. Jar cells. Hela cells. and STO cells (mouse embryonic fibroblast cells) were
prepared as described above. DNA templates were RSV/luc. TK/luc. TK500/luc,
PRL/luc. PRL 500/1luc. IFN-1tb2 (2.3kb) / luc. and IFN-tb2 (1.8kb) / luc. The TK/luc
and PRL/luc constructs contain only minimal promoters. so they are not transcriptionally
active unless an enhancer motif is provided. Unexpectedly. the small DNA fragment
increased transcription of all the DNA constructs irrespective of cell type (P< .01) (Figure
3-3). The increased percentage transcription of TK3500 /luc and PRL500/luc constructs
was virtually the same in all cell nuclei tested. suggesting that the 500 bp DNA fragment
may contain a general enhancer motif. However. day 20 bovine embryo cell nucleus
preparations supported greater (P< .01) transcription of [FN-1b2 / luc constructs than
other cell preparations, regardless of promoter size. Nevertheless. the 2.3kb [FN-1b2 /
luc construct showed significantly higher transcription in every cell nuclei preparation
than 1.8kb IFN-tb2 / luc construct (P<.01). The 1.8 kb [FN-1tb2 / luc construct
supported basal transcription in non-bovine embryo cell nuclei, confirming that this 5°
end 500 bp region contains a common enhancer or enhancer-like motif. The reduced

activity of 1.8kb bIFN-t promoter in non-bovine embryo cell preparations indicates that
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cell or tissue specific regulatory motifs reside within 1.8 kb from the putative

transcription start site.

DISCUSSION

Previous studies indicated that bIFN-t gene expression is restricted to trophoblast
cells in ruminants (Farin et al.. 1989: Farin et al.. 1990: Morgan et al.. 1993). Moreover
regulation of these gene is primarily transcriptional. Like the common [FN-« and -3
genes. their transcripts have an AU-rich region in their 3° noncoding region. which works
as a recognition signal for rapid mRNA degradation (Caput et al.. 1986; Shaw and
Kaman. 1986). However the AU-rich region is interspersed in G and C rich regions in
[FN-1 genes (Imakawa et al.. 1989), which may contribute to a slightly longer mRNA
half-life (Hansen et al.. 1991) than other INF transcripts.

One of the difficulties in studying the IFN-t promoter is lack of an appropriate
cell line derived from bovine or ovine trophoblast. Primary bovine embryo trophoblast
cells in culture failed to support endogenous bIFN-t gene expression for more than 1 day
(Hansen et al., 1991), and the transfection efficiency of primary bovine trophoblast cells
by any means was too low to be utilized in our laboratory. Recently a bovine trophoblast
cell line (CT-1 cells, a generous gift from Dr. Neil Talbot, USDA. Maryland) has been
established from in-vitro produced bovine blastocysts. However CT-1 cells did not
express detectable levels of bIFN-1 transcripts in our previous experiments (see chapter
[I). Moreover, cells of trophoblast origin such as Jar or Jeg 3 do not contain the

endogenous IFN-1 genes, which may explain why transcriptional activation of bIFN-t /
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reporter gene constructs required exogenous enhancer motifs (Guesdon et al.. 1996) in
these cells. To surmount all of the problems that may be encountered when improper
cells are used. we utilized an in vitro transcription assay using several kinds of cell nuclei
as transcription factor sources. The in vitro transcription systems have been used to
decipher the precise molecular mechanisms underlying selective transcription. and to test
tissue-specific transcription of several cellular and viral genes (Gorski et al.. 1986:
Miyamoto et al.. 1984; Sawadogo and Roeder. 1985).

In experiment I, we tested whether day 16 and 20 bovine embryo-derived cell
nuclei can support expression of various bIFN-t / luc constructs in vitro. At the same
time. the 500 bp fragment of 5°end of IFN-1b2 subtype was tested. This region had not
been cloned and tested before. so it may provide useful information with regard to the
bIFN-t gene expression. Unexpectedly. addition of this small piece of DNA to the 1.8
Kb bIFN-1 promoter increased transcription of a reporter gene (luciferase)
approximately 2 fold in the in vitro transcription reactions. There is no obvious
explanation for this increased transcription, but this region might have enhancer(s) like
motifs. Sequence analysis using the Matlnspector program (Matlnspector Release
professional 3.3. Genomatix Software GmBH. MUnchen, Germany) showed several
putative transcriptional regulatory domains. Among them. two Ets-1 sites, a CEBP
binding site, and a STAT site were prominent, with well conserved homologous
sequences. However. the functionality of these motifs remain to be elucidated. Addition
of Actinomycin D verified that the transcription was RNA polymerase- specific.

Experiment 2 was designed to optimize the number of nuclei for cell- or tissue-

specific transcription. Among the factors affecting in vitro transcription, number of cell
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nuclei (or amount of nuclear extract) is the most important parameter to be optimized.
We observed non-specific transcription. even from a promoterless pGL2-basic vector
when extra Hela cell nuclear extract was added to the reaction. To monitor transcription
capacity of different preparations of cell nuclei at different concentrations. the three
templates [FN-1tb2, pGL2-basic. RSV/ luc were used. Transcription of the tissue-specific
IFN-1tb2 / luc. and RSV/ luc gene constructs showed dose dependent transcriptional
activity in both day 20 and 45 bovine embryo nuclei preparations. although the degree of
enhancement of transcription for [FN-tb2 (2.3kb) / luc in day 45 embryo preparations
was lower (P<.01) than in day 20 embryo preparations. The pGL2-basic vector did not
show enhanced transcription as numbers of cell nuclei increased. indicating that the
transcription was promoter dependent. In day 20 bovine embryo preparations, even 0.25
million cell nuclei induced [FN-1b2 / luc gene transcription conspicuously. The amount
of transcripts was about the same as that of RSV / luc in the reaction containing the same
number of nuclei. These results indicated that if the optimal numbers of nuclei are used.
in vitro transcription can be used to measure the activities of certain gene promoters.

The tissue specificities of [FN-tb2 promoters and the 500 bp 5’end region of
[FN-1b2 gene were tested in experiment 3. For these. day 20 bovine embryo cell nuclei.
Jar cell nuclei. STO cell nuclei. and Hela cell nuclei were used with several gene
promoter / luc constructs. Both TK / luc and PRL / luc constructs showed basal
transcriptions in all cell nuclei preparations. However. addition of the 500 bp fragment
increased transcription significantly regardless of cell type. Similarly, the 2.3 kb IFN-
b2 promoter showed approximately 2 times more transcriptional activity than 5’

truncated 1.8 kb IFN-tb2 promoter, indicating that the 5’ end region works as general
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enhancer rather than a tissue-specific enhancer. Since both TK / luc and PRL / luc
constructs contain only minimal promoters, the increased transcription was notable. The
[FN-1b2 / luc constructs also showed detectable levels of transcription in both
trophoblast cells and non-trophoblastic cell nuclei preparations, so this particular subtype
gene promoter is not entirely tissue-specific. The previously reported 1.8 kb bIFN-t 1
promoter also showed substantial transcription in non-trophoblast cells including L.929
murine fibroblasts, CHO (Chinese hamster ovary cells). and murine L6 myobiasts (Cross
and Roberts. 1991; Guesdon et al., 1996; Leaman et al.. 1994). Thus. these results
confirm earlier findings indicating that the isolated bIFN-t promoters used to date are not
totally tissue specific. These cells may contain a common transcription factor that is
needed for IFN-1 gene expression as indicated by formation of specific complexes of the
-358 to —322 region of the bIFN-1 1 promoter with nuclear proteins from Jar, COS-1 and
L929 cells (Leaman et al.. 1994). In a preliminary experiment. a 500 bp 3” untranslated
region of the bIFN-t which showed extreme sequence homology across subtypes and
species (Hansen et al.. 1991; Stewart et al., 1990) was tested to determine whether this
region increased transcription. Disappointingly, addition of this fragment to the 1.8 kb
bIFN-t / luc or gal constructs yielded no effect on transfected Jar cells. Thus. a particular
regulatory region rendering tissue-specific expression of the bIFN-1 genes still remains
elusive.

In conclusion, we found that a newly cloned 5° fragment of the bIFN-1 promoter
works as a general enhancer. and an in vitro transcription assay can be used to measure
bIFN-t gene promoter activity as an alternative for transfection studies if several

parameters of the in vitro transcription assay are optimized. Possibly, cloning of longer
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bIFN-tau gene flanking regions. combined with more rigorous studies on promoters. will
provide clearer insight into the mechanisms involved in regulating bIFN-1 gene

expression.
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CHAPTER IV

GENERAL SUMMARY AND CONCLUSION

Early embryonic mortality is very expensive for cattle producers. The majority of
embryonic loss occurs between days 15 and 18 of gestation (Sreenan and Diskin. 1986).
when several critical cellular and molecular events occur. One of the major factors
contributing to embryonic loss is failure of maternal recognition of pregnancy.

Molecular factors are secreted by the peri-implantation conceptus of ruminants to
effect the process of “maternal recognition of pregnancy™. These factors block secretion
of luteolytic levels of prostaglandin Foo (PGF>). thereby allowing the functional
lifespan of corpus luteum (CL) to be extended beyond the normal estrous cycle.
Structurally, these factors resemble most closely interferon-w (IFN-w). and have
equipotent anti-viral, anti-proliferative. and immuno-modulatory activities to type |
interferons (Roberts et al., 1992). The factors are now designated as interferon-tau (IFN-
1) based on the origin of tissue, gene structure, and biological activities (Roberts et al..
1992).

Almost a decade ago the first genomic clone of bIFN-1 was isolated (Stewart et
al.. 1990). However, little progress has been made since then with regard to the

mechanisms involved in regulation of this gene. Factors hampering study of bIFN-1
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gene regulation include lack of a useful cell line, and a limited number of genomic clones
(Leaman et al.. 1994). Thus, this study focused on finding new bIFN-1 subtype genes
with significant variation in nucleotide sequences in the putative promoter regions; we
also needed alternatives to the normal transfection procedures used to characterize most
of gene promoters because of difficulty in transfecting trophoblast cells.

In the first study. 21 positive clones were initially detected after screening a
bovine genomic library with [FN-1t gene-specific probes. Four clones were chosen for
further studies. based on restriction enzyme site mapping and ease of subcloning.
Sequencing revealed that 3 were bIFN-1 variants. and 1 was a bIFN-w variant. All new
clones were potentially functional. since there were no premature stop codons found in
the coding regions. The putative promoter regions showed considerable nucleotide
mismatches (up to 7 %) compared to a previously cloned bIFN-t variant [bIFN-t 1:
(Hansen et al. 1991)]. This variation may give rise to different promoter activity. In
addition. the new bIFN-t clones possessed =500 bp longer putative promoter regions
than bIFN-t 1. One of the new clones designated as IFN-tb1 showed extreme sequence
variation from other clones in this region. Interestingly. this clone turned out to be
transcriptionally inert as revealed by RNase protection assays. Thus. we studied this
region of transcriptionally active clones further.

Deduced amino acid sequences of individual bIFN-t clones differed sufficiently
potentially to alter biological activity; even a single amino acid substitution in a critical
position of mature I[FN-t can affect receptor binding and bioactivity conspicuously (L1

and Roberts. 1994b; Niswender et al.. 1997). Thus. studies on bioactivities of newly
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cloned bIFN-t may provide new insight into questions regarding multiple variation of
this gene family.

To characterize transcriptional expression patterns of individual bIFN-t variants
during early pregnancy. ribonuclease protection assays (RPA) were used at different
developmental stages of bovine embryos. In preliminary studies. no bIFN-1 subtype
mRNA was detected from embryos older than day 30. These results were observed
repeatedly throughout our experiments, casting doubt on a previous report that bIFN-t
can be detected up to day 38 of pregnancy (Godkin et al.. 1988). However. considering
the critical time point that demise of the CL must be blocked for pregnancy to proceed.
our observation is not surprising. Individual bIFN-t variants including bIFN-t 1 showed
differential expression patterns during early pregnancy. There has been a lingering
question with regard to multiplicity of this gene. One attractive postulate was that
individual subtype genes might have different patterns of expression. and perhaps
different biological activities. RPA results confirmed that bIFN-t genes are not
expressed equally. A new clone. IFN-1b2, showed extreme sequence mismatches in first
500 bp 5" region and was transcriptionally inert regardless of pools or batches of
embryos. Another clone, [FN-1b3. showed reduced transcriptional activity through day
20 of pregnancy. Interestingly, this particular clone showed no transcript in one pool of
embryos. suggesting that this gene (or allele) might be polymorphic. However, both of
these clones showed well conserved proximal promoter regions with most of the known
regulatory elements intact. Thus. we postulated that the critical regulatory elements
might be located further upstream in the proximal promoter region. This region had not

been cloned before, so its function was worthy of study.
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Experiment II concerned characterization of a sequence between 1.8 to 2.3 kb
upstream of the transcription start site of a bIFN-t. This was tested via an in vitro
transcription system as an alternative to transfection. After optimization of amounts of
nuclei and MgCl, concentrations (data not shown). this system seemed to work well. In
the promoter analysis, the 500 bp fragment functioned as a general enhancer; it even
increased transcription of minimal promoters (Tyrosine Kinase and Prolactin). When this
portion of the promoter was deleted from the original construct. transcription was
reduced on a similar scale. This phenomenon was observed in nuclei of both trophoblast
and non-trophoblast origin, suggesting that this region did not confer tissue specificity.
The truncated 1.8 kb bTP-sf promoter showed basal transcription in most cell nuclei
tested. with strong expression in nuclei from day 20 bovine embryos. strongly implicating
that tissue-specific regulation resides within the 1.8 kb promoter region. Unfortunately.
there is no simple way to verify these results. A transgenic approach might be effective in
facilitating bIFN-t promoter analyses.

Recombinant bovine or ovine IFN-1 has been tested extensively for increasing
pregnancy rates in cattle. However. results have been disappointing. contrary to initial
success in sheep (Martinod et al., 1991). The most severe side effect was hyperthermia
(Newton et al., 1990) which might lead to embryonic death after intramuscular injection.
[n another study, hyperthermia was not observed in cows receiving [FN-1 via intrauterine
infusion (Plante et al.. 1989). To date, no practical way has been developed to deliver
[FN-1 to uteri of pregnant animals at critical time points. Thus, utilization of IFN-t as a
pregnancy-enhancing agent in cattle still remains problematic. Alternatives may be 1)

modification of the bIFN-t protein, 2) searching for subtypes that do not show severe
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side effects, and 3) searching for a functionally intact bIFN-t promoter. As mentioned
earlier, [IFN-1 are present in multiple forms with different bioactivities. Thus, it might be
possible to find an IFN-t variant with fewer side effects. Now there are additional IFN-
ts that can be tested. Understanding mechanisms involved in bIFN-t expression may
lead to practical ways to modify such expression.

In conclusion. we cloned new bIFN-t variants with considerable nucleotide
variations in both coding and promoter regions. These variants gave rise to
transcriptionally different expression. Thus, the recent sequence data can be used for
future promoter analysis. which would be greatly aided by having a suitable cell line.
More rigorous studies on regulations of these genes may provide new ways to increase

pregnancy rates in domestic ruminants.
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APPENDIX 1

Sequence Alignment of bIFN-t Variants.
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Homologies between bIFN-t distal promoter regions. Putative CEBP binding sites are boxed in
solid lines. and putative ETS-1 binding sites are boxed in broken lines. with core sequences marked
with bold characters. Orientations of the motifs are also indicated. The cloning site (Xbal) is also
indicated. Arrowheads represent the segment of DNA subcloned into the TK- and PRL-luc vectors.
Note that none of these elements is present in INF-tbl subtype. Notice that most severe mismatches
are found in the distal 5° ends of these genes. Putative TATA box. transcription start site. translation
start site. translation stop site. and polyadenylation signal are indicated. bIFN-t 1 was cloned by

Hansen et al.. (1991).
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APPENDIX 2

Sequence Alignment of bIFN-all Variants
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Boxes indicate the conserved motif of viral response element (GAAANN). Also shown are
interferon response element (IRF-1). a TG-protein binding site (TBB). putative TATA box.
transcription start site. and translation start site. TG-protein is a novel factor mediating viral
inducibility (MacDonald et al. 1990). bIFN-all was cloned by Capon et al.. (1985). Notice
the extremely well conserved sequences particularly in the coding region. which is identical.
Putative translation stop site and polyadcnylation signal are marked.

* Asterisks mark sequence differences between subtypes.
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