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ABSTRACT

Two strains of White Leghomn hens selected for high (HA) or low (LA)
antibody response to challenge with sheep red blood cells were used to determine
differences in circulating levels of progesterone (P,) and luteinizing hormone
(LH), and to determine in vitro effects of tumor necrosis factor alpha (TNFa) on
granulosa cell steroid secretion during different periods of the estrous cycle. In
experiment one, hens were serially bled from 4 hours after oviposition until the
next oviposition. Plasma was analyzed for P, and LH using validated
radioimmunoassays (RIA’s). In the second experiment, hens were sacrificed at 16
and 37 weeks of egg production. Granulosa cells isolated from the F,, F,, and F;
follicles were incubated for 3 hours in the presence of; 1) untreated RPMI 1640 +
0.1% bovine serum albumin + 1% antibiotics (control) 2) 5 ng/ml human
recombinant TNFa (hTNFa) 3) 5 ng/ml murine recombinant TNFa (mTNFa) 4)
100 ng/ml ovine LH (oLH) 5) hTNFa plus oLH 6) mTNFa plus oLH.
Conditioned media was analyzed for P, and P;s secretion as before.

Plasma levels of both P4, and LH were significantly higher (P<0.05) among
HA hens during the peak preovulatory period of the estrous cycle (-6 to -1 hours
before oviposition). Circulating levels of P, were 1.45, 2.19, 2.67, 2.66, and 2.38
ng/ml in LA hens versus 1.82, 3.05, 3.19, 3.07, 3.01, and 2.79 ng/ml respectively
in HA hens at 6, 5, 4, 3, 2, and 1 hour prior to oviposition. Levels of LH were
2.36, 3.36, 3.57, 2.81, 2.41, and 1.95 ng/ml in LA hens versus 3.58, 5.27, 5.38,
4.51,3.77, and 3.71 ng/ml respectively in HA hens for the same period.

As with plasma, granulosa cells from HA hens produced more (P<0.05) P4
and Ps than did those from LA hens. Similarly, granulosa cells from larger
follicles secreted more (P<0.05) P4 and Ps than did those from smaller follicles.

Treatment of granulosa cells with human, but not murine, TNFa reduced (P<0.05)

vii



basal P, and Ps production by granulosa cells from preovulatory follicles.
Conversely, treatment of cells with oLH significantly increased (P<0.05) P4 and Ps
as compared to controls. The combination of mTNFa, but not hTNFa, and oLH
consistently stimulated (P<0.05) P, and Ps secretion above that observed with
treatment of oLH alone. Mouse TNFa is known to activate both type I and type II
TNFa receptors, while hTNFa binds only the type I receptor. This may explain
the differential effects on in vitro steroid secretion observed through use of the two
forms of TNFa in these experiments. Furthermore, the observation that hTNFa
and oLH rarely caused significant increases, but frequently caused numerical
increases in P4 and Ps secretion is suggestive of a ligand passing role for the type II
receptor. No clear pattern emerged as to when during the estrous cycle hTNFa
affected steroid production. In the avian, reduced steroidogenic capacity
(specifically, the production of progesterone) can lead to delayed or inhibited
ovulation. Results from these experiments suggest a potential role for human

and/or murine TNFa in reproduction in the laying hen (Gallus domesticus).
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1. LITERATURE REVIEW

Cytokines are a group of 6,000 - 60,000 kiloDalton (kDa) proteins, of
which over thirty have been isolated since their discovery in the early
1970’s (Rafael and Orvieto, 1992). These proteins are derived from
activated immune cells and are involved in cell-to-cell communication,
resulting in initiation of the immune response, inflammatory reactions, and
hematopoiesis (Dinarello and Mier, 1987). These pleiotropic peptides are
also potent regulatory factors. Unlike hormones, which are usually
produced at a specific locus and act systemically, cytokines are produced by
a wide variety of cells and act in an autocrine, paracrine, or endocrine
fashion (Klasing and Johnstone, 1991). Cytokines can be further
subgrouped into interleukins, lymphokines, and monokines. The term
interleukin refers to soluble factors which mediate communication between
leukocytes, while lymphokines and monokines designate cytokines which
are produced by lymphocyte and monocyte/macrophage cells respectively
(Rafael and Orvieto, 1992). As more information is compiled concerning

their source and function, it is apparent that many cytokines fall into more

than one of these subgroupings.



Tumor necrosis factor alpha (TNFa) is a potent monokine that was
discovered in 1975 in an attempt to identify a protein involved in tumor
cytotoxicity (Carswell et al., 1975). TNFa is also referred to as “cachectin”
for its involvement in the phenomenon of wasting, and “necrosin” for its
ability to cause cell death (Beutler and Cerami, 1986). TNFa is classified
as a type II membrane protein which is characterized by a C-terminus in the
extracellular domain. Other type II membrane proteins include; TNFf
(Ilymphotoxin), Fas ligand, OX40 ligand, Chain of Differentiation (CD) 40
ligand, CD27 ligand, CD30 ligand, and lymphotoxin B (Gruss and Dower,
1995). Structurally, TNFa is a 26 kDa membrane bound protein which has
a 29 amino acid (aa) cytoplasmic tail, a 28 aa transmembrane region, and a
176 aa extracellular domain (Gruss and Dower, 1995). Proteolytic cleavage
of the membrane bound protein by TNFa converting enzyme (TACE)
results in the release of a 17.4 kDa, 157 aa soluble protein as a homotrimer
with a three dimensional structure similar to the “jelly roll” motif shared by
various viral capsids (Kreigler et al., 1988; Brannstrom et al., 1993; Black
etal., 1997). TNFa is expressed by many cell types including macrophage,
CD4+ and CD8+ thymocyte (T) cells, keratinocytes, adipocytes, kidney

tubule epithelial cells, splenocytes, astrocytes, pancreatic B-cells, neurons,

2



and osteoblasts (Hunt et al., 1992; Ware et al., 1992; Lee et al., 1993;
Yamada et al., 1993; Kern et al., 1995; Lisby et al., 1995; Modrowski et
al., 1995; Villarroya et al.,1997). Due to the wide variety of cells which
express TNFa, it is more practical to list those cell types in which this
cytokine is not expressed or has yet to be identified. These include
erythrocytes and resting T cells which do not express the protein nor its
receptors (Fiers, 1991). Both human and mouse TNFa have been cloned
and exhibit approximately 79% amino acid sequence homology (Fransen et
al., 1985; Pennica et al., 1985). Experimental evidence suggests that
normal circulating levels of TNFa are between 10 and 80 pg/ml
(Steinshamn et al.,, 1995; Spengler et al., 1996). Beutler et al. (1985)
determined the half-life of TNFa in plasma to be approximately six
minutes.

To date, two TNFa receptors have been identified, type I and type II.
Both receptors belong to the TNFa/nerve growth factor receptor (NGFR)
superfamily and share 28% sequence homology in their extracellular
domains (Tartaglia et al., 1993). Their intracellular domains, however,
apparently share no sequence homology, suggesting the use of different

signaling pathways (Lewis ef al., 1991). The TNFa receptors are classified
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as type I membrane proteins characterized by 4 cysteine-rich motifs in the
extracellular binding domain (Baker and Reddy, 1996). Both receptors can
be released as soluble proteins, via proteolytic cleavage of their extracellular
domains. Soluble receptors have been identified in the serum and urine of
normal and diseased patients (Spengler et al., 1996; Olsson et al., 1989).
Physiologically, soluble receptors may act to inhibit TNFo activity, as
cleavage of the extracellular domain reduces the number of cell surface
receptors. Soluble receptors may also bind to soluble TNFa., thereby further
reducing concentrations of the cytokine available for receptor binding at the
cell surface.

The type I TNFa receptor has a molecular weight of 55 kDa, and is
designated TNF-R1, TNF-R55, p55, or CD120a (Fiers,1991). This
glycoprotein, consisting of a 190 aa extracellular region, a 25 aa
transmembrane segment, and a 220 aa cytoplasmic domain, binds to the
human and murine forms of TNFa with equal affinities (Gruss and Dower,
1995; Lewis et al., 1991). Studies utilizing monoclonal and polyclonal
antibodies directed against TNF-R1 identify it as the receptor responsible
for the majority of actions associated with TNFa. These studies implicate

the type I receptor in cytotoxicity, fibroblast proliferation, resistance to
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Chlamydia trachomatis, antiviral activity, and synthesis of prostaglandin E,
(Englemann et al., 1990; Espevik et al., 1990; Shalaby et al., 1990; Wong et
al., 1992). Tartaglia ef al. (1993) identified a region of approximately 80
aa’s within the intracellular domain of the type I receptor that is responsible
for initiating the signal for cytotoxicity.

The type II TNFa receptor has a molecular weight of 75 kDa and is
referred to as TNF-R2, TNF-R75, p75, or CD120b (Fiers, 1991). This
glycoprotein consists of a 240 aa extracellular domain, a 27 aa
transmembrane segment, and a 173 aa cytoplasmic domain (Gruss and
Dower, 1995). The larger, type II receptor exhibits a 5 fold greater affinity
for TNFa than does the type I receptor (Barbara et al., 1994). Unlike TNF-

R1 which binds to both human and murine TNFa., the type II receptor binds

only to murine TNFa (Lewis et al., 1991). Monoclonal and polyclonal
antibody studies reveal that activation of this receptor stimulates
proliferation of primary thymocytes and cytotoxic T-cells (Sheehan et al.,
1995; Tartaglia et al., 1991).

Biological effects of TNFa on various cells and tissues have been
studied extensively. TNFa blocks the synthesis of triglycerides while

concurrently stimulating adipocytes to release current stores into the plasma,
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thus implicating TNFa in the phenomenon known as “wasting” (Beutler and
Cerami, 1988). Complicating this already dangerous pathological state,
TNFa activates osteoclasts causing the subsequent resorption of bone
(Bertolini et al., 1986). Furthermore, Garrett et al. (1987) showed that
TNFo inhibited cartilage synthesis while promoting proteoglycan break-
down.

In addition to its involvement in cachexia, TNFa is thought to be
responsible for many of the symptoms which accompany endotoxic shock,
including; fever, hypotension, diarrhea, metabolic acidosis, and in severe
cases, death (Beutler and Cerami, 1986). TNFa has also been observed to
cause fever by inducing hypothalamic neurons to produce prostaglandin E,
(PGE,) (Dinarello et al., 1986).

However, TNFo 1is best known for its involvement in the
inflammatory reaction of the immune response. TNFa enhances immune
responses via activation of neutrophils and eosinophils (Silberstein et al.,
1986). Neutrophil adhesion, phagocytosis, and complement receptors are
reportedly increased upon exposure to TNFa (Shalaby er al, 1985;

Klebanoff et al., 1986; Berger et al., 1988). The proposal that ovulation is



akin to an inflammatory reaction suggests the possibility that cytokines may
play a role in reproductive function (Espey, 1980).

Several studies have indicated the presence of TNFa within the ovary
of various species. Using immunocytochemistry, immunoreactive TNFa
has been localized in oocyte, granulosa, and mononuclear cells within the
ovaries of the mouse and rat (Chen et al., 1993; Marcinkiewicz et al., 1994;
Roby and Terranova, 1989). In humans, immunoreactive TNFa has been
identified in granulosa, luteal, and paraluteal cells of the ovary (Roby et al.,
1990). Evidence also exists for biologically active TNFa in cumulus cells
of the oocyte in the human, as well as follicular fluid in the human and
bovine (Zolti et al., 1990; Zolti et al., 1991; Wang et al., 1992; Jasper and
Norman, 1995). Naylor et al. (1990; 1993) determined the presence of
TNFo mRNA in human thecal cells via in situ techniques. In the corpus
luteum, TNFa has been identified in endothelial cells and large luteal cells
of swine (Hehnke-Vagnoni et al., 1995; Wuttke ef al., 1993). Similarly,
TNFa has been identified in the corpus luteum of the rabbit, sheep, and cow
(Bavangados et al., 1988; 1990; Ji e al., 1991; Shaw and Britt, 1995).

Although the presence of TNFa in these tissues is readily accepted,

its origin remains to be elucidated. Bagavandoss et al. (1990) proposed that
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the primary source of TNFa was from extraovarian white blood cells
infiltrating the ovary; while others suggest that TNFa may be derived from
cells resident in the ovary itself (Sancho-Tello ef al., 1992). The findings by
Zolti et al. (1990) that human granulosa cells are both a source and target
for TNFa lend credence to the theory that there is an intraovarian source of
TNFa, and that it may play a role in the reproductive cycle.

In the growing mammalian follicle, granulosa cells are responsible for
the production of estrogen, as well as a small amount of progesterone. In
several studies, TNFa has been shown to suppress either aromatase or
estradiol production by granulosa cells. Emoto and Baird (1988) reported
that in cultured rat granulosa cells, 10 pg/ml - 10ng/ml TNFa suppressed
aromatase activity in the presence of 250 ng/ml follicle stimulating hormone
(FSH). This dose-dependent response culminated in the total abolition of
FSH induced aromatase activity at 10 ng/ml TNFa. A time-course study
revealed that TNFa did not inhibit the activity of the existing enzyme, but
rather, blocked any subsequent induction of aromatase activity by FSH.
Similarly, Adashi et al. (1990) showed a significant reduction in FSH
induced estradiol production in rat granulosa cells (10 ng/ml TNFa). In

small human and bovine follicles, TNFo inhibited FSH induced aromatase
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activity and estradiol production by granulosa cells (Montgomery et al.,
1996; Spicer and Alpizar, 1994). Furthermore, TNFa (0.1-100 ng/ml) was
shown to reduce FSH induced LH receptor formation in cultured rat
granulosa cells, with an almost complete inhibition at 50 ng/ml (Darbon et
al., 1989). Taken together, these findings suggest a possible role for TNFa
in modulation of granulosa cell differentiation.

In response to an LH surge, mammalian granulosa cells luteinize to
become granulosa-luteal cells, and eventually, either small or large luteal
cells of the corpus luteum. These cells are responsible for the increased
progesterone production associated with the luteal phase of the estrous cycle
and pregnancy. Adashi et al. (1990) reported that TNFa (10 ng/ml) caused
significant inhibition of FSH stimulated (100 ng/ml) progesterone
production in granulosa-luteal cells of the rat. Similarly, TNFa caused

decreased production of progesterone in response to LH, oxytocin, and

forskolin in the small luteal cells of swine (Richards and Almonds, 1994;
Wuttke et al., 1993). TNFa reportedly increased the production of
prostaglandins, specifically PGF,,, in luteal cells of the human and bovine,
as well as in luteinized granulosa luteal cells in the human (Wang et al.,

1992; Zolti et al. 1990; Benyo and Pate, 1992). The ability of TNFa to
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inhibit gonadotropin induced progesterone production, while stimulating
that of prostaglandins, suggests a luteotlytic role for the cytokine (Pate,
1995).

In mammals, the granulosa cell layer is responsible for the
production of estrogens, whereas the theca layer contains androgen and
progesterone producing cells. Roby and Terranova (1990) found that basal
and FSH induced progesterone were inhibited by TNFa in rat granulosa-
luteal cells, however, in cultured whole follicles (theca included) under the
same conditions, progesterone production was actually increased by TNFa,
with a concurrent increase in androgen production by the theca cells (Roby
and Terranova, 1990). This implies the possibility that the effects of TNFa
on steroid production in isolated granulosa cells may be very different from
its effects on granulosa cells co-cultured with theca cells. Conversely, in
the rat, TNFa caused a dose-dependent inhibition of human chorionic
gonadotropin-stimulated androsterone and androstenedione production in
whole ovarian dispersates (Andreani et al., 1991; Zachow et al., 1992). In
theca cells of the pig, TNFa caused a dose-dependent inhibition of LH
stimulated progesterone at concentrations of between 0.1 and 100 ng/ml

(Tekpetey et al, 1993). Interestingly, TNFo has been shown to induce
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clustering of theca-interstitial cells of the rat (Zachow et al., 1992). It has
therefore been suggested that TNFa may play some role in the early
organization of follicular cells (granulosa and/or theca) around the oocyte
(Terranova et al., 1995).

While the effects of TNFa on ovarian steroidogenesis may be
apparent, the mechanism(s) by which they are brought about are not.
Adashi et al. (1989) ruled out the possibility that the inhibitive action of
TNFa on granulosa cell steroidogenesis is a lasting nonspecific effect due
to its cytotoxicity. TNFa does not significantly reduce cell number, DNA
content, or viability, and the effects of TNFa are reversed upon removal of
the cytokine (Adashi et al., 1989). These data suggested that TNFa directly
and specifically regulates steroidogenesis. Luteinizing hormone receptor
numbers are reportedly reduced by TNFa in the follicular cells of the rat
(Darbon et al., 1989). Tumor necrosis factor o has been reported to inhibit
LH induced cAMP accumulation in theca and granulosa cells of the pig and
rat (Tekpetey et al., 1993; Veldhuis et al., 1991; Zachow et al., 1992; Emoto
and Baird, 1988). Zachow et al. (1993) found that in addition to LH
receptors and cAMP, TNFa directly inhibited protein kinase A. Tumor

necrosis factor a also inhibited the activities of P450 side chain cleavage
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(P4soscc) and 3B-hydroxysteroid dehydrogenase enzymes, as well as the
expression of cytochrome P4sos.c mMRINA in swine (Veldhuis et al. 1991).
Logically, one might assume the TNFa has the same effect on ovarian
steroidogenesis in the avian as that in the mammal. However, the avian
ovary differs from mammalian ovaries in a number of important ways.
Initially, both left and right ovaries and oviducts are present in embryonic
hens. However, shortly after hatching, the right ovary regresses in response
to an unknown factor(s) secreted by the left ovary (Marrone and Hertendy,
1983). The majority of follicles on the ovary of the hen are small white or
small yellow follicles (SWF’s or SYF’s) with diameters between 1 and 8
millimeters (mm; Armstrong, 1985). The larger (>8mm diameter), yolk-
filled follicles, which are attached to the ovary by follicular stalks, are
arranged in a hierarchy based on size (Bahr and Nalbanov, 1977). The
largest of these five or six pre-ovulatory follicles (F;, F,,...F¢) will be the
next to ovulate (Gilbert, 1971). When the largest follicle (F;) ovulates, the
former F, follicle moves up in the hierarchy (becoming the F, follicle), as do
all other pre-ovulatory follicles. Unlike mammals, there is no corpus luteum
(CL) formation following ovulation in the hen. However, the biggest

difference is that granulosa cell progesterone is the predominant hormone
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driving the avian cycle, rather than estrogen as in the mammal. These
differences suggest that the role played by TNFa in reproductive function
(if any) may be quite different for avian species.

As the follicle matures, the great increase in size is accompanied by
changes in steroidogenic function. Small white follicles are the major
source of estrogen in the hen (Armstrong, 1984). While the largest pre-
ovulatory follicle (F;) is known to be responsible for the majority of
progesterone produced in the hen ovary, some contribution is made by the
smaller pre-ovulatory follicles (F,-F4; Huang et al., 1979). These
differences are due to changes in granulosa and theca cell physiology as the
follicle matures.

Each follicle on an avian ovary consists primarily of two cell layers.
The innermost layer made up of granulosa cells which surround the yolk
and ovum of the follicle. The theca layer, which is highly vascularized and
innervated, is located immediately outside and adjacent to the granulosa
layer (Hodges, 1974). The two layers are, however, physically separated by
the basement membrane. As stated previously, small follicles are
responsible for the majority of estrogen produced in the ovary. This

estrogen is produced solely by the theca layer, as the granulosa cells of
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small follicles are steroidogenically incompetent (Davidson et al., 1979).
The inability of granulosa cells from small follicles to produce steroids is
due to the inactivity of the 17a-hydroxylase and C17,20 lyase enzymes
(Tilly et al., 1991). When the follicle reaches 2 - 4 mm in diameter, the
theca layer differentiates into theca interna and theca externa cells (Nitta et
al., 1991). As the follicle approaches ovulation, enzyme activity (aromatase
and 3B-hydroxy-AS5-steroid dehydrogenase) in the theca layer decreases,
culminating in the complete cessation of steroidogenic capacity in the theca
cells of F, follicles (Huang ef al., 1979; Armstrong, 1982). It is not until the
follicle reaches 9 - 12 mm in diameter that its granulosa cells are capable of
producing progesterone. Furthermore, although LH receptors are present on
smaller follicles, granulosa cells will not respond to LH until the follicle is
12 - 15 mm in diameter (Tilly ez al., 1991).

Currently, there are two theories that have been proposed to describe
the steroidogenic events that take place in the avian ovary. Huang et al.
(1979) proposed a two-cell model of follicular steroidogenesis which
assumes that the theca layer is uniform in its steroidogenic function. This
theory proposes that the majority of progestin production, as well as a small

amount of androgen synthesis, is derived from the granulosa cells of pre-
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ovulatory follicles. Progestins are secreted by granulosa cells and then
further metabolized to androgens and estrogens in theca cells (Huang et al.,
1979). The more recent, three-cell theory of avian steroidogenesis proposes
that progesterone produced in granulosa cells is metabolized by two distinct
theca cell types (Porter et al., 1989). In this model, theca interna cells
utilize progesterone derived from granulosa cells to produce androgens,
which are then passed to theca externa and converted to estrogens (Porter et
al., 1989). There has been very little research directed at the role of
cytokines on reproduction in avians. Bryan et al. (1997) reported that
human recombinant TNFa at a dose of 5 ng/ml consistently inhibited in
vitro progesterone production among granulosa cells in the F;, F,, and F;3 (3
largest) follicles of the hen.

Advances in the field of genetics have given researchers new tools to
aid in the study of reproductive function in the avian. Gross (1979) and
Siegel and Gross (1980) developed two genetic lines of White Leghomn
chickens selected for their ability to respond to an immune challenge after
an injection of sheep red blood cells (SRBC). Birds in which high levels of
antibodies were persistent five days after SRBC injection were termed high

antibody (HA), while those with low levels were called low antibody (LA).
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Using these two distinct lines, research has been conducted to determine
whether the degree of antibody production effects the ability of a bird to
resist bacterial and viral challenges. Both Hall ef al. (1978) and Gross et al.
(1980) found that the LA line exhibited a greater susceptibility to infection
by Mycoplasma gallisepticum, coccidiosis, splenomeglia virus, New Castle
Disease, and the northern fowl mite than did the HA line. Susceptibility to
Esherichia coli and Staphylococcus aureus infection, however, was
significantly greater in the HA line (Dunnington et al., 1991 and Gross et
al., 1980). Gross et al. (1980) reported a 58% incidence of E. coli in the
HA line compared to 35% for the LA line after inoculation of the posterior
air sac with 10~ to 10™ cells. Similar results were reported in mice selected
for low and high antibody response to SRBC (Biozzi et al., 1979). These
results suggest that strong antibody response is negatively correlated with
the ability to defend against bacterial infection. The mechanisms by which
birds defend themselves against invasion and infection may determine
degree of resistance or susceptibility to specific diseases.

Differences in egg production characteristics between the LA and HA
lines have also been reported. Siegel ef al. (1982) found that hen-day egg

production to 300 days was significantly lower in the HA line as compared
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to the LA line. LA birds began egg production at an earlier age and at lower
body weights than did HA birds (Siegel et al., 1982 and Martin et al., 1990).
Martin et. al. (1990) reported higher body weights for LA birds as measured
at 4 and 24 weeks of age. Fertility was also different between the two lines
with HA birds exhibiting reduced fertility at all ages (Seigel et. al., 1982).
The differences in weight gain, egg production, age of sexual
maturity, and response to an immune challenge in these two lines imply that
immuno-competence and reproductive function may somehow be related.
The objectives of the following study were to: 1) determine the differences
in plasma levels of P, and LH between HA and LA hens, 2) determine the
effect of human versus murine TNFa on granulosa cell P, and Ps secretion
among HA and LA lines of hens, and 3) determine the differences in P4 and
Ps production by granulosa cells during the ovulatory cycle as affected by
human and murine TNFa in the presence of an ovulatory amount of ovine
LH. By studying these parameters, it may be possible to gain a better
understanding of the relationship between immune status and reproductive

function in the domestic laying hen (Gallus domesticus).
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2. MATERIALS AND METHODS

One hundred and twenty Single Comb White Leghorn hens selected
for a high (HA) or low antibody (LLA) response to immuno-challenge with
sheep red blood cells (SRBC) were housed in individual cages at Cherokee
Poultry Farm, University of Tennessee at Knoxville. Hens were allowed ad
libitum access to feed and water on a lighting schedule consisting of 16
hours of light and 8 hours of darkness. Hens were fed a standard
commercial poultry layer mash which contained 16% protein (Tennessee
Farmers CO-OP, Lavergne, TN). Egg records were maintained from hatch
to 442 days of age and were updated daily in order to determine hen-day
egg production (HDEP). Percent HDEP was defined as the percentage of
eggs laid (egg production) in a given time period per number of live hens
during that same period (hen-days; North, 1978). For example, if 4 hens
produced 9 eggs in 3 days and none died, percent HDEP for the hens in
those 3 days was 75% (9 eggs/(4hens)(3days) X 100 = 75). Data collection
began when flock HDEP reached 15% for each line. Experiment 1 was
conducted to determine in vivo levels of circulating steroids in HA and LA

hens during one ovulatory cycle. A second experiment was conducted to

18



determine in vitro steroid production of granulosa cells from HA and LA
hens as affected by TNFa.

Experiment 1

At 14 and 34 weeks of egg production, hens were monitored for time
of oviposition and serially bled via brachial vein cannulation as described
by Johnson (1981) at 4, 8, 12, and 16 hours after oviposition, and
subsequently every hour until the next oviposition. This timeline was
reversed in order to reflect hours before oviposition. Three mls of blood
was collected from each hen and centrifuged at 400 X g for 10 minutes in
order to separate plasma from erythrocytes. Plasma was decanted into 12 x
75 mm borosilicate glass tubes (Fisher Scientific, Pittsburgh, PA)
containing 50 ul saturated sodium citrate (Baxter, McGraw Park, IL) and
stored at -20°C for later analysis. Hematocrits were determined every 3™
sample to ensure that packed cell volume did not drop more than 20%
below baseline, which was determined at the time the cannula was seated.
Erythrocytes were kept separate by hen, pooled, and combined with an
equal volume of 0.9% saline and 50,000 U penicillin G (Sigma, St. Louis,
MO). Erythrocytes were returned to the hen after every 3™ blood sample to

maintain blood volume. Plasma was analyzed for progesterone (P4) using
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a validated (Bryan et. al., 1997) commercially available radioimmunoassay
kit (Diagnostic Products Corp., Los Angeles, CA). Luteinizing hormone
(LH) was measured by radioimmunoassay using specific antisera to
chicken LH (USDA-AcLH-5), reference standards (USDA-cLH-K-3), and
immuno-chemical grade hormone for radioiodination (USDA-cLH-I-3)

according to the procedure of Johnson and van Tienhoven (1980).

Experiment 2

At 16 and 37 weeks of egg production, 5 birds from each line were
sacrificed at 4, 12, 18, 24 hours post oviposition of a mid sequence egg.
The ovary was removed from each hen, washed in Hank’s basal salt
solution (Gibco, Grand Island, N.Y.), 70% ethyl alcohol, and again in
Hank’s before storage in RPMI-1640 on ice. Ovaries were blotted dry and
weighed. Follicles were measured (mm diameter), counted, and sorted by
size (F,, F,, F3, 10-12 mm, 7-9 mm, 4-6 mm, and 1-3 mm). Atretic
follicles, determined as those deflated or in a hemorrhaged state (Tilly ez.
al. 1991), were also counted. Upon removal of connective tissue and
vasculature surrounding the three largest follicles (F;, F,, and F;), the
granulosa layer was microdissected from the theca layer using aseptic

techniques. Granulosa layers from the three largest follicles of each hen
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were pooled according to size, and individual cells isolated via digestion in
a 2.5 mg/ml trypsin (Sigma, St. Louis , MO)/Hank’s basal salt solution
under constant agitation for 3 minutes at 37°C. Granulosa cells were
centrifuged at 400 X g for 4 minutes and washed twice with RPMI-1640
(Gibco, Grand Island, NY). Cells were counted by trypan blue dye
exclusion and plated at a concentration of 500,000 cells/0.5 ml in RPMI-
1640 media, antibiotics (50 U penicillin, 50 ng/ml streptomycin, and 100
ng/ml neomycin), and 0.1 % bovine serum albumin (Sigma, St. Louis,
MO, hereafter called complete media). Treatments consisted of; 1)
untreated media (control), 2) 5 ng/ml human recombinant TNFa (hTNFa;
R&D Systems, Minneapolis, MN), 3) 5 ng/ml murine recombinant TNFo
(mTNFa; R&D Systems), 4) 100 ng/ml ovine LH (oLH; National Institute
of Arthritis, Diabetes and Digestive and Kidney Diseases, Bethesda, MD),
5) hTINFa + oLH, or 6) mTNFa + oLH. Cells and their respective
treatments were cultured for 3 hours in 95% air and 5% CO, at 39.5 °C.
After incubation, cells were pelletted, the supernatant removed and stored
in 12 x 75 borosilicate glass tubes at -20 °C for later analysis. Progesterone
(P,) secretion by granulosa cells was measured using the commercial RIA
described previously (Bryan et al., 1997). Pregnenolone (Ps) secretion by
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granulosa cells was measured via radioimmunoassay and validated using
antisera to pregnenolone-3 hemisuccinate (Accurate Chemical and
Scientific Corp., Westbury, NY) and radio labeled 7->’H(N) pregnenolone
(21.0 Ci/mmol; New England Nuclear, Boston, MA). The antiserum is
known to cross-react with 17-hydroxypregnenolone (1.0%), progesterone
(3.0%), 17-hydroxy-progesterone (1.4%), corticosterone (<0.4%), 11-
deoxycorticosterone (<0.3%), cortisol (<0.3%), 11-deoxycortisol (<0.3%),
5B-pregnan-3,20 dione (<0.4%), Sa-pregnan-3,20 dione (4.5%), Soa-
pregnan-30.01,20 one (5.6%), Sa-pregnan-3a,20c diol (<0.45%), and Sa-
pregnan-33,20 diol (<0.4%; Accurate Scientific and Chemical Corp.,
Westbury, NY). Reagents were diluted in 0.05 M sodium phosphate buffer
containing 0.1% gelatin and 0.2% sodium azide, pH 7.4 (hereafter call
reaction buffer). Into 12 x 75 mm glass borosilicate tubes were added 400
ul reaction buffer, 100 pl antiserum (1:23,000 dilution), 100 pl *H-Ps
(10,000 cpm), and 100 pl standard or unknown. Standards (15.625 pg/ml -
4.0 ng/ml) were made by adding specific quantities of 5-pregnen-3-0l-20-
one (Steraloids Inc., Newport, RI) to reaction buffer. Reaction mixtures
were incubated for 30 minutes at 37°C, and then for 16 hours at 4°C. After

incubation, 500 pls of 1:10 Dextran-T70/Norit A (Fisher Scientific,
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Pittsburgh, PA) charcoal solution was added to each sample tube. Samples
were held at 4°C for 10 minutes, and then centrifuged at 1,500 X g and 4°C
(Beckman TJ-6; Fullerton, CA) for 15 minutes. Supernatants were
decanted into 50 x 16 mm scintillation vials (Sarstedt, Newton, NC), mixed
with 5 mls UltimaGold™ scintillation fluid (Packard, Downers Grove, IL),
and counted in a liquid scintillation counter (Beckman LS5801, Fullerton,
CA). Tests for parallelism were conducted using 35, 45, and 55 ul of
media pooled from the 3 largest preovulatory follicles (Table 1). The
optimal dilution of pregnenolone antiserum was determined to be 1/23,000
which agreed with the dilution suggested by the manufacturer (Table 2).
Intra- and Inter-assay coefficients of variation for the assays were 5.2 and
11.6%, and 7.7 and 8.9% for P, and Ps, respectively.

Data Analysis

Data were analyzed using the Mixed procedure of the statistical
analysis system (SAS, 1996). Data were log transformed prior to analysis
to determine significance. @ Means were separated by Fisher’s least
significant difference test. Table values are reported as the least square
(LS) mean of the non-log transformed data with significance denoted at

P<0.05.
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Table 1. Test for Parallelism of Pregnenolone Radio-Immunoassay

Volume Assayed Pregnenolone’
Sample (1D (ng/ml)
Pooled Media 35 13.99 + 0.42
(F,-F; Follicles) 45 13.63 +0.33
55 13.46 + 1.07

*Mean + standard error.

Table 2. Tests for Binding Efficiency of Pregnenolone Antiserum

Binding
Antibody Dilution’ (%)
1:18,000 50.01
1:20,000 48.29
1:23,000 45.50
1:25,000 42.83
1:28,000 38.06

"Final dilution according to the manufacturer’s instructions (Accurate Scientific and
Chemical Corp., Westbury, NY).
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3. RESULTS

Production Characteristics

Hens from the LA line reached puberty (first egg) and 15% HDEP
earlier than did hens from the HA line (150 and 163 days of age versus 158
and 172 days of age, respectively). Because of this difference in
reproductive age, LA hens were killed approximately 9 days prior to HA
hens during in vitro experiments in order to maintain differences due to
physiological age. Overall percent HDEP between the HA and LA lines
(66.62 and 63.47%, respectively) did not differ significantly (P>0.05).
However, if percent HDEP was measured from the day of first egg (day
150) to 442 days of age (cessation of the experiment), LA hens laid at a
higher rate (P<0.05), 64.53 versus 58.82%, respectively.

At both 16 and 37 weeks of egg production, ovary weight from HA
hens was greater (P<0.05) than that of LA hens (Table 3). In younger hens,
the size of F; and F; follicles was not different between lines (P>0.05).
There was also no difference in either the number of small, slowly growing

(1-12 mm) or atretic follicles among hens from either genetic line (Table 4).
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Table 3. Ovary weight and size of F;, F,, and F; follicles for HA and LA
hens at 16 and 37 weeks of egg production*.

Weeks of Egg Production
16 37
Follicle Weight, Genetic Line/(number of hens) Genetic Line/(number of hens)
Size, or Number HA/(n=20) LA/(n=20) HA/(n=20) LA/(n=20)
Ovary Weight 4249+ 1.60°" 3594+ 1.56° 4780+ 1.94% 3808+ 1.60 °C
(grams)
F, (mm") 33.58+033°%  3290:0335 3519+ 035"  33.71+0335
F; (mm) 2997+0438  2850+040°€ 32034045  2076+0418
F; (mm) 2547+061°  2415:0588C  2647:063"  23.18:060°

*Values are reported as least square means + standard error of the mean.

t AB.Cyalues in the same row with different letters are significantly different (P < 0.05).
iMillimeters diameter.

Table 4. Numbers of 10 - 12 mm, 7- 9 mm, 4 - 6 mm, 1 - 3 mm, and atretic
follicles for HA and LA hens at 16 and 37 weeks of egg production*.

Weeks of Egg Production
16 37
Genetic Line/(number of hens) Genetic Line/(number of hens)
Number of Follicles HA/(n=20) LA/(n=20) HA/(n=20) LA/(n=20)
10-12mm (No. ) 1210.17% 1.00 + 0.17 2 1.06 + 0.18 2 0.88+0.174
7-9 mm (No) 4.00+ 0674 530 £ 0.66 * 5.88+0.71 % 5.841067%
4-6mm(No)  13.00+1.07°  11.75:1.045B 1535+ 1.13 4 11.16 £ 1.078
1-3mm(No.)  2632:2.19%  2580:213% 3806231  2847+2108
Atretic Follicles 432:056%  405+0548 5.7140.59 " 5.16 £ 0.56 *2
*Values are reported as least square means + standard error of the mean.
+ Number of Follicles
iA’B’C Values in the same row with different letters are significantly different (P < 0.05).
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At 37 weeks of egg production, all pre-ovulatory follicles (F;.3) were
larger (P<0.05) among HA hens as compared to LA hens. Similarly, there
were more (P<0.05) 1-3 and 4-6 mm small white follicles among older HA

hens, but not of 7-9 mm, 10-12 mm, or atretic follicles between lines.

In Vivo Steroid Secretion

Both plasma progesterone and luteinizing hormone were significantly
higher (P<0.05) among HA versus LA hens during the peak pre-ovulatory
period of the ovulatory cycle (Figures 1 and 2). Specifically, circulating
levels of progesterone (Figure 1) and luteinizing hormone (Figure 2) were
greater (P<0.05) among HA hens at 6, 5, 4, 3, 2, and 1 hours prior to

oviposition (Figure 1).

In Vitro Steroid Secretion

Similar to plasma levels, in vitro progesterone production was higher
(P<0.05) among HA hens as compared to LA hens. This was apparent in all
follicle sizes at both 16 and 37 weeks of egg production (Table 5).
Progesterone production by granulosa cells from both genetic lines was less

(P<0.05) at 37 weeks of egg production, as compared to 16

27



8¢C

Progesterone (ng/ml)

3.5 1

L 4 " i L " 1 I 4 3 3 4
T T t T T T T L 1 T T T -t T T T

21 20 -18 -17 -16 -14 -13 -12 -9 -8 -7 -6 -5 -4 3 2 -I| ovP
Time Before Oviposition (hrs)
Figure 1. Plasma progesterone (ng/ml) during one ovulatory cycle in HA and LA hens.
(combined data from samples collected at 14 and 35 weeks of egg production).

*Indicates significant difference (P<0.05).
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Figure 2. Plasma luteinizing hormone (ng/ml) during one ovulatory cycle in HA and LA hens
(combined data from samples collected at 14 and 35 weeks of egg production).

*Indicates significant difference (P<0.05).



Table 5. In vitro progesterone and pregnenolone (P4 and PS; ng/ml)
secretion from granulosa cells of the 3 largest preovulatory follicles (Fy,F,,
and F;) from HA and LA hens at 16 and 37 weeks of egg production.*

Weeks of Egg Production
16 37
Genetic Line/(number of hens) Genetic Line/(number of hens)
Steroid/Follicle
Size HA/(n=20) LA/(n=20) HA/(n=20) LA/(n=20)
P4 (ng/ml)/

Fyfollicle  24235+3.604T3 19157+335%°  189.89+3.698° 147.52+3.41 B¢

F, follicle  14825+2.082%°  14124£213B%  271.75£221%  164.8622.13°
Fs follicle  129.86+1.53<° 9553+155°°  152.62+146°* 65312153

Ps (ng/ml)/

F; follicle 1270+ 0.16 ® 125140147 122420162  992+0.144°
F; follicle 1035+0.102° 9.01+0.10%¢  1502:0114%  992+0.10%°
F; follicle 8.24 +0.08 ° 6.30 + 0.08 <° 10902008  6.07+0.08>¢

*Values are reported as least square means + standard error of the mean. Significant differences

(P<0.05) are denoted by letter differences between the means of log transformed data.
TA’B’CValues within the same column and for the same steroid with different letters are

significantly different (P<0.05).
Ia’b’c’dValues within the same row with different letters are significantly different (P<0.05).
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weeks of egg production. However, progesterone secretion was higher in F,
follicles among both lines at 37 weeks of age (P<0.05).

Similar differences were found in the production of pregnenolone by
granulosa cells of HA and LA hens (Table 5). Pregnenolone secretion by
granulosa cells was greater (P<0.05) among HA hens in all follicle sizes and
in both time periods with the exception that F; follicle secretion was the
same at 16 weeks of egg production. As would be expected, pregnenolone
production was less (P<0.05) among the smaller pre-ovulatory follicles (F,
and F3) as compared to the F;. However, as the hen aged, pregnenolone
secretion was found to remain the same (F,; follicle in HA and LA hens;

P>0.05) or increase (F, and F; follicles in LA hens; P<0.05).

Steroid Secretion as Affected by TNFa

In vitro treatment of granulosa cells with recombinant TNFa had
little effect on basal progesterone secretion. Treatment of F, and F; follicles
with hTNFa, but not mTNFa, resulted in a reduction (P<0.05) in
progesterone secretion (Table 6). This decrease was evident in F,; follicles
among HA hens at 16 weeks of egg production and LA hens at 37 weeks of

egg production. Similarly, progesterone production was reduced (P<0.05)
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Table 6. In vitro progesterone (ng/ml) production from granulosa cells of
the Fy, F,, and F; follicles in HA and LA hens at 16 and 37 weeks of egg
production in response to various treatments.

Weeks of Egg Production
16 37
Genetic Line/(number of hens) Genetic Line/(number of hens)
Follicle Size/Treatment = HA/(n=20) LA/(n=20) HA/(n=20) LA/(n=20)
F, follicle/

Control (nothing) 123.65 2T 90.46 °° 59.89 D° 56.05 <
hTNF (5 ng/ml) 107.31 P2 96.54 P2 61.58 ° 46.77°°
mTNF (5 ng/ml) 121.78 € 100.51 <® 60.61 °° 467324
oLH (100 ng/ml) 330.5752 273.33 B° 311.03 B¢ 217.68 B¢
oLH + hTNF 325.88 B2 284.62 ABP 29330 ° 224.3458¢
oLH + mTNF 444.89 42 303.95 A 352.91 A 293.59 AP
Pooled SEM* 3.69 3.35 3.69 341

F, follicle/

Control (nothing) 91.70 ® 80.55 ¢ 110.34 D2 79.12 ¢
hTNF (5 ng/ml) 89.93 78.81 < 104.83 D2 82.63 b
mTNF (5 ng/ml) 9230 < 81.24 117.75>2 84.96 <
oLH (100 ng/ml) 188.82 B¢ 206.65 AB° 378.78 © 238.29 BP
oLH + hTNF 194.33 B¢ 192.99 B¢ 431.72 B2 235.48B°
oLH + mTNF 232.424° 207.99 A 487.10 42 268.71 4
Pooled SEM 2.08 2.13 221 2.13

F, follicle/

Control (nothing) 81.62<* 59.83 B° 58.63 < 35.99 B¢
hTNF (5 ng/ml) 80.31 < 55.58 P 56.64 <° 3322
mTNF (5 ng/ml) 82.19 2 54.84 €° 59.73 P 33.76 4
oLH (100 ng/ml) 171.04 B° 127204 234.61 B2 95.32 Ad
oLH + hTNF 174.87 B? 140.93 A° 232.35 B2 96.33 A4
oLH + mTNF 189.16 A° 134.80 A° 2737542 9721 4d
Pooled SEM 1.53 1.55 1.46 1.53

#AB.C.Dy 2 lues in the same column and for the same follicle size with different letters are significantly
different (P<0.05).

T 25,69y 2lues in the same row with different letters are significantly different(P<0.05).
{Standard error of the mean.
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in F; follicles among LA hens at both time periods. Human TNFa had no
effect (P>0.05) on progesterone secretion from F, granulosa cells,
regardless of genetic line or age.

Treatment of granulosa cells with oLH resulted in a large increase
(P<0.05) in progesterone secretion which was further increased (P<0.05)
after co-treatment with mTNFa (Table 6), however this effect was lost in F;
LA follicles. Co-treatment of granulosa cells with hTNFa and oLH did not
(P>0.05) result in an additive increase in progesterone secretion over that
observed with oLH alone.

As observed with progesterone secretion, in vitro pregnenolone
secretion declined in response to treatment with hTNFa, but not mTNFa
(Table 7). This effect was more consistent among younger versus older
hens, HA versus LA hens, and in larger follicles (F; vs. F, and F3).
Pregnenolone secretion was less (P<0.05) after exposure to hTNFa in F,
follicles among HA hens at 16 weeks of egg production, and LA hens at 37
weeks of egg production. Similarly, less (P<0.05) pregnenolone was
produced by F, granulosa cells from HA hens at both time periods, and F;

granulosa cells from both lines at 16 weeks of egg production in response to

treatment with hTNFa.
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Table 7. In vitro pregnenolone (ng/ml) production from granulosa cells of
the Fy,F,, and F; follicles in HA and LA hens at 16 and 37 weeks of egg
production in response to various treatments.

Weeks of Egg Production
16 37
Genetic Line/(number of hens) Genetic Line/(number of hens)
Follicle Size/Treatment HA/(n=20) LA/(n=20) HA/(n=20) LA/(n=20)
F, follicle/
Control (nothing) 739 Crat 6.65 <P 6.22 PP 5.48 ¢
hTNF (5 ng/ml) 6.87 22 6.60 < 5.89 0P 4.530¢
mTNF (5 ng/ml) 6.94 02 6.89 € 6.40° 5.15
oLH (100 ng/ml) 17.11 B® 17.23 B 18.30 Ab3 13.73 B¢
oLH + hTNF 17.75 B2 18.14 Ab2 17.52 B2 14.03 B
oLH + mTNF 20.14 A2 19.54 A2 19.13 A 16.60 A°
Pooled SEM® 0.16 0.14 0.16 0.14
F, follicle/
Control (nothing) 7.14 ©® 5.79 ¢4 7.95 D2 634
hTNF (5 ng/ml) 6.67 2° 5.50 ¢ 7.42 E2 6.16 <
mTNF (5 ng/ml) 7.00 P® 5.55 ¢4 7.96 P2 6.19 <
oLH (100 ng/ml) 1327 B® 12.09 B¢ 20.79 ©* 13.47 B
oLH + hTNF 13.60 ABP 12.13 B¢ 21.93 B2 1321 B®
oLH + mTNF 14.45 A° 12.98 A° 24.07 A 14.16 4°
Pooled SEM 0.10 0.10 0.11 0.10
F; follicle/
Control (nothing) 5.94 2 4.80 B° 5.99 €2 411 B¢
hTNF (5 ng/ml) 523 Db 449 < 572 €@ 4.05 BY
mTNF (5 ng/ml) 5.78 ©2 4.89 B° 5.79 4.17 B¢
oLH (100 ng/ml) 10.80 AB® 7.5 A° 15.18 B2 8.15 A
oLH + hTNF 10.60 BY 8.07 A° 16.10 A 7.81 A
oLH + mTNF 11.06 A° 778 A° 16.61 A2 8.12 A
Pooled SEM 0.08 0.08 0.08 0.08
*ABCD

Values in the same column and for the same follicle size with different letters are significantly
different (P<0.05).

Ta’b’c’dValueS in the same row with different letters are significantly different (P<0.05).

}Standard error of the mean.
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Similar to the effect on progesterone secretion, treatment of granulosa
cells with oLH resulted in a large increase (P<0.05) in pregnenolone
secretion (Table 7). Co-treatment of granulosa cells with mTNFo and oLH
caused a further increase (P<0.05) in pregnenolone secretion over that of
oLH alone in all preovulatory follicles. This increase was predominant
among F; and F, follicles, regardless of genetic line or age. F; follicles
were basically unresponsive (P>0.05) to co-treatment with oLH and either
mouse or human TNFa. The significant increase (P<0.05) in pregnenolone
secretion due to oLH was not changed by addition of either form of the

cytokine.

Steroid Secretion as Affected by TNFa During the Ovulatory Cycle

F1 follicles:

Analysis of data by time-point during the ovulatory cycle showed that
the effect of TNFa on basal progesterone secretion of granulosa cells from
young hens tended to occur very early (4 hrs) or very late (24 hrs) after
oviposition of the previous egg (Table 8). The decline (P<0.05) in
progesterone secretion evident in HA hens (as described in Table 6) was

due to a reduction at 4 and 24 hours after oviposition. LA hens appeared to
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Table 8. In vitro progesterone and pregnenolone production (ng/ml) by granulosa cells of the F, follicle at 4, 12,
18, and 24 hours after oviposition in HA and LA hens at 16 weeks of egg production.

Genetic Line

HA LA
Hours after OvipogtTon/(number of hens) Hours after Oviposiﬁn/(number of hens)
Steroid/Treatment 4/(n=5) 12/(n=5) __ 18/(n=5) _ 24/(n=5) 4/(n=5) 12/(n=5) _ 18/(n=5) _ 24/(n=5)
Progesterone (ng/ml)/

Control (nothing) 135 108" 147.03C*  161.04©®  47.555B¢ 71.72 B4 97.93B% 10899  g317B
hTNF (5ng/ml) 11463 2° 13539C"  14353C% 3569 81.39 B¢ 89.858°  126.84BC%®  gg o7 Be
mTNF Sng/ml)  134.02%° 14252 16673  43.83B¢ 75.80 BY 88.375°  146.17B%®  9169B°
oLH (100 ng/ml) 32700 ° 31535%°  564.965%  114.98%°  135794°  30389A°  44420° 20942 Ad
oLH + hTNF 318.33 B° 361905%° 506785 1165077 1368027 334514Y 4428547 92431 AC
oLH + mTNF 458.65 2 491.12%° 6933287 13647°°  14871°°  33086°°  495344°  240.90 AY
Pooled SEM' 6.86 7.02 6.70 8.73 6.70 6.86 6.53 6.70

Pregnenolone (ng/ml)/

Control (nothing) 6.90 € 6.64 < 1134 465C° 532 5.25 B4 6.99 ¢ 9.04 B°
hTNF (5 ng/ml) 65204 ¢ 10.89 € 3.84 6.00 B¢ 5.19 B¢ 731 791
mTNF (5ng/ml) 5.95 D4 5.99 ¢¢ 11.60 € 422t 6.13 Bed 4.89 B¢ 7.19 ¢ 9.34 B
oLH (100ng/ml) 1433 B¢ 13.50 B° 31.42 B2 9.19 B4 11.11 A4 13354 22698 21764
oLH + hTNF 152848 y375Bed g B2 g g6e 11.84 Ade 14094 21898  g4734b
oLH + mTNF 16.93 A 16404° 36627  1062™ 11.40 A 1507 27204% 24504
Pooled SEM 0.29 0.30 0.29 0.38 0.29 0.29 0.29 0.29

+ABCD

Values in the same column and for the same steroid with different letters are significantly different (P<0.05).

Ta’b“'fValues in the same row with different letters are significantly different (P<0.05).
}Standard Error of the Mean.



be unresponsive to either form of TNFa. The one exception was that
mTNFa caused an increase (P<0.05) in progesterone secretion 18 hours
after oviposition.

The increased (P<0.05) progesterone production after co-treatment of
F, granulosa cells with mTNFa and oLH was found to occur 4, 12, and 18
hours after oviposition in young HA hens (Table 8). LA hens were found to
be unresponsive to co-treatment with oLH and mTNFa. Ovine LH induced
progesterone secretion from F, follicles of younger hens from each genetic
line was not affected by co-treatment with hTNFa.

Analysis of pregnenolone data obtained during the ovulatory cycle
showed that the hTNFa induced decrease (P<0.05) occurred 4 hours after
oviposition in HA hens, and 4 and 24 hours after oviposition in LA hens
(Table 8).

The addition of mTNFa (but not hTNFa) plus oLH consistently
stimulated the production of pregnenolone by F; granulosa cells over that of
oLH alone, throughout the ovulatory cycle in younger hens from both lines
(Table 8). This was significant in HA hens at all times during the ovulatory

cycle, and in LA hens 18 hours after oviposition.



Among older hens, the time response to TNFo. was not observed in
either genetic line with few exceptions (Table 9). Progesterone secretion

increased (P<0.05) after exposure to hTNFa in HA hens 12 hours after

oviposition. In LA hens, 24 hours after ovipostion, both forms of TNFa
reduced (P<0.05) F, follicle progesterone secretion.

As in younger hens, granulosa cells from F, follicles of older hens co-
treated with mTNFa (but not hTNFa) and oLH consistently produced more
(P<0.05) progesterone throughout the ovulatory cycle than cells treated with
oLH alone (Table 9). Co-treatment resulted in higher (P<0.05) progesterone
secretion at 4 and 18 hours after oviposition in HA hens, and 4, 12, and 24
hours after ovipostion in LA hens.

Differences in pregnenolone production due to in vitro treatment of
F, granulosa cells in older hens with hTNFa appeared to be dependent on
genetic line (Table 9). While treatment with hTNFa suppressed (P<0.05)
pregnenolone production at all times during the ovulatory cycle in LA hens,
no effect (P>0.05) was seen in HA hens, regardless of time. As expected,
mouse TNFa had no effect (P>0.05) on the secretion of pregnenolone at any

time during the ovulatory cycle in either genetic line.
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Table 9. In vitro progesterone and pregnenolone production (ng/ml) by granulosa cells of the F, follicle at 4, 12,
18, and 24 hours after oviposition in HA and LA hens at 37 weeks of egg production.

Genetic Line

HA LA
Hours after Oviposition/(number of hens) Hours after Oviposition/(number of hens)
Steroid/Treatment 4/(n=5) 12/(n=5) 18/(n=5) 24/(n=5) 4/(n=5) 12/(n=5) 18/(n=5) 24/(n=5)
Progesterone (ng/ml)/
Control (nothing) 5539 C*bct 4880 D° 6326 751282 37919 6038° 56.338% 69582
hTNF (5 ng/ml) 54.22 € 57.99 € 60.53°® 735882 3844 5285C% 50498 4539D°
mTNF (5 ng/ml) 50.01 <% 61.29 € 58.11 € 73.01 B2 37009 5326 4967B%  4688°°
oLH (100 ng/ml) 12894 % 63854287 167.06%¢  309.57%° 232458 300758° 157778 17974 B¢
oLH + hTNF 139.194B¢ 58628 B2 182518 26523%°  25768B%  279.08%° 1495549 211.045°
oLH + mTNF 152682 7359447 231067 291977 32945%% 37227 141904 330284%
Pooled SEM’ 6.70 6.53 7.02 8.98 6.53 6.70 6.70 734
Pregnenolone (ng/ml)/
Control (nothing) 6.21 5 6.10 € 6.36 € 6.23 € 4.57°¢ 5.44 B 6.12 B® 5.78
hTNF (Sng/ml) 5.96 B2° 6.19¢® 5.53 € 5.87 €% 3.85D° 437 522 4.67 0%
mTNF (Sng/ml) 6.61 B2 7.03 B2 6.02 5.93 Ced 4.86 “4 5.04 B4 560 B¢ 509 €D
oLH (100ng/ml) 11.484¢ 28.65 12 16.05 8% 17,03 ABP 15.74 Bb 16.69 A° 11.374° 11.11 8¢
oLH + hTNF 11.98 % 27.74 4% 14.91 Bb 15.45 B° 15.87 50 16.15 A° 12.05 A° 12.04 B
oLH + mTNF 12.58 4 28.65 16.84 A° 18.474° 18.63 A° 18.07 A° 11.88 A° 17.82 A°
Pooled SEM 0.29 0.28 0.29 0.38 0.29 027 0.29 0.30
*ABCD

Ta’b"'fValues in the same row with different letters are significantly different (P<0.05).
}Standard error of the mean.

Values in the same column and for the same steroid with different letters are significantly different (P<0.05).



Pregnenolone production by F, granulosa cells was further increased
(P<0.05) over that of oLH alone in response to co-treatment with mTNFa in
LA, but not HA, hens at 37 weeks of egg production (Table 9).
Specifically, these cells secreted more (P<0.05) pregnenolone 4 and 24

hours after ovipostion.

F follicles:

Basal production of progesterone by F, granulosa cells measured at 4,
12, 18, or 24 hours after oviposition was unaffected (P>0.05) by treatment
with either form of TNFa with one exception(Tables 10 and 11). As with
F, follicles, F, progesterone secretion was less (P<0.05) 4 hours after
oviposition among older HA hens in response to hTNFa.

In vitro treatment of F, follicles with mTNFa and oLH consistently

resulted in higher (P<0.05) progesterone secretion as compared to treatment
with oLH alone among hens of both genetic lines and at either age (Tables
10 and 11). This was most evident in HA versus LA hens (Table 10).

Basal pregnenolone secretion was only reduced (P<0.05) after

treatment with hTNFa 12 hours after oviposition in either genetic line at 16
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Table 10. In vitro progesterone and pregnenolone production (ng/ml) by granulosa cells of the F, follicle at 4,
12, 18, and 24 hours after oviposition in HA and LA hens at 16 weeks of egg production.

Genetic Line

HA LA
Hours after Oviposition/(number of hens) Hours after Oviposition/(number of hens)
Steroid/Treatment 4/(n=5) 12/(n=5) 18/(n=5) 24/(n=5) 4/(n=5) 12/(n=5) 18/(n=5) 24/(n=5)
Progesterone (ng/ml)/
Control (nothing) 9784 C+T 100,17 <® 13120 3759C° 49.78Y  95.77Bb 1177182 5893 5¢
hTNF (5ng/ml) 9826 °° 10049 122922 38.05 ° 50609  98.60B™  11420B%® 518384
mTNF (5 ng/ml) 10022 <° 101.30 < 129.41 © 38.26 * 52.69 ° 91.62B° 1266452 54018¢
oLH (100 ng/ml) 19293 B¢ 195.66 B¢ 273.058% 9361 B¢ 123.378¢ 18650 4° 400.534%  116.08 ¢
oLH + hTNF 197.09 B° 222254B% 2537485 10426484 11223B¢  203094° 343147 1104279
oLH+mTNF 23979 A% 245.60 A° 329461  114.824¢ 1414529 20920 4¢ 3735342 07714¢
Pooled SEM? 421 421 4.00 421 432 4.42 432 4.00
Pregnenolone (ng/ml)/
Control (nothing) 6,90 ° 6.975° 9.71 B2 4.99 B¢ 3.91 Bf 5.85 P4 8.41 B® 5.00 ¢
hTNF (5 ng/ml) 633 5.80 ¢4 9.65 B2 49184 429 5¢ 5.36 ¢ 7.25<P 5.11 %
mTNF (Sng/ml) 673 % 6.51 BCbe 9.61 B2 5.14 B4 425 8¢ 6.07 725Cb 463
oLH (100 ng/ml) 1267 B 11.76 A9 19.48 A2 9.16 A 9.99 A 13.64 B¢ 16.36 A° 8.37 ABe
oLH + hTNF 12.56 B¢ 12.82 A° 19.02 A2 9.98 Ad 10.80 A9 13.65 B¢ 1592 A° 8.14 B¢
oLH + mTNF 14.03 At 13.02 A¢ 20.82 4 9.93 Ade 11.4544 15.75 A 15.60 A° 9.13 A
Pooled SEM 0.20 0.22 0.20 021 0.19 021 021 0.20

#*AB.CDy 4 1ues in the same column and for the same steroid with different letters are significantly different (P<0.05).

Ta’b"'fValues in the same row with different letters are significantly different (P<0.05).
}Standard error of the mean.
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Table 11. In vitro progesterone and pregnenolone production (ng/ml) by granulosa cells of the F, follicle at 4,
12, 18, and 24 hours after oviposition in HA and LA hens at 37 weeks of egg production.

Genetic Line

HA LA
Hours after Oviposiﬁ)n/(number of hens) Hours after 0viposi70n/(number of hens)
Steroid/Treatment 4/(n=5) _ 12/(n=5) _ 18/(n=5) 24/(n=5) 4/(n=5) 12/(n=5) __ 18/(n=5) _ 24/(n=5)
Progesterone (ng/ml)/
Control (nothing) 7639 C*edt 197712 9503 69.35 B4 40.00 ©° 79.85<°  104518° 9213 BY
hTNF (5 ng/ml) 65.08 P4 187562 97.19C® 69.49 B¢ 48.68 < 8091  103.33B% 9761 B®
mTNF (5 ng/ml) 7449P? 21496P% 10691  74.66 3¢ 48.03 < 87.81°°  109.72B% 9426
oLH (100 ng/ml)  226.99 B¢ 679.54® 17905  429.524° 1461587 2587989 31279A° 235429
oLH + hTNF 25629780 8308657 230204  409.53 2 158315 279304B° 277684 226647
oLH + mTNF 275.45"%  969.654%  233.794°  469.514%  206.16%°  311267°  313.14°° 244267
Pooled SEM* 432 4.61 4.42 4.32 4.32 432 4.21 421
Pregnenolone (ng/ml)/
Control (nothing) 5.85 ¢ 10.47 B2 8.82 6.65 € 4.438° 6.45 ¢4 7.40 B¢ 7.07 Bed
hTNF (5 ng/ml) 5.59 B¢ 9.82 22 8.18 6.10 € 46789 5.94 € 7.96 B° 6.08
mTNF (Sng/ml) 6.10 B¢ 10.78 B2 8.46 < 6.52 ¢4 4388¢ 6.08 ¢ 75480 6778
oLH (100 ng/ml) 17.07 % 31.02 A2 14.108¢  20.99B° 11.724¢ 132189 15874 13.067%
oLH + hTNF 17.08 A° 31.81 4 16544 22308° 11.64 ¢ 13.698% 150729 244
oLH + mTNF 17.05 A 34.65 A2 18244° 263440 11.78 AT 15.63 A 159244 3314
Pooled SEM 0.21 0.21 021 0.22 0.22 0.22 0.20 0.20

*AB.CDyalues in the same column and for the same steroid with different letters are significantly different (P<0.05).
b...f,
*

Values in the same row with different letters are significantly different (P<0.05).
{Standard error of the mean.



weeks of egg production (Tables 10 and 11). As before, mTNFa had no
effect (P>0.05) on basal secretion of pregnenolone.

Co-treatment of F, granulosa cells with a combination of either
mTNFa or hTNFa and oLH did not increase (P>0.05) F, follicle
pregnenolone production from hens of either genetic line with few
exceptions (Tables 10 and 11). Pregnenolone secretion was higher (P<0.05)
among younger HA hens 4 hours after ovipostion, and 18 and 24 hours after
oviposition in older HA hens after in vitro treatment with mTNFa and oLH.
In LA hens of both ages, pregnenolone production increased (P<0.05) 12

hours after oviposition in response to co-treatment with mTNFa plus LH.

F3 follicles:

Only isolated effects on F; follicle progesterone production were
observed due to treatment with hTNFa (Tables 12 and 13). Reduced
(P<0.05) progesterone production was observed in HA hens 4 hours after
oviposition at both 16 and 37 weeks of egg production. F; follicle
progesterone secretion was less (P<0.05) among LA hens 4 hours after
oviposition at 16 weeks of egg production, and 18 hours after oviposition at

both ages. Treatment of F; follicles from younger LA hens with mTNFo
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Table 12. In vitro progesterone and pregnenolone production (ng/ml) by granulosa cells of F; follicles at 4, 12,
18, and 24 hours after oviposition in HA and LA hens at 16 weeks of egg production.

Genetic Line

HA LA
Hours after Oviposiﬁ;n/(number of hens) Hours after Oviposﬁc;n/(number of hens)
Steroid/Treatment 4/(n=5) 12/(n=5) 18/(n=5) 24/(n=5) 4/(n=5) 12/(n=5) 18/(n=5) 24/(n=5)
Progesterone (ng/ml)/
Control (nothing) 7367 C*T 8634 1270882  3445CP° 37.26 B¢ 56489 9298C®  s5p5Bd
hTNF (5 ng/ml) 67.45 D 93.64°° 123078 3708 31.88 8 59.84 B¢ 7g39Dc 5530 BCe
mTNF (5 ng/ml) 72207 9030C® 1359582 3031 °f 30.99 <f 64.39 B¢ 77622 4636 °°
oLH (100 ng/ml)  195865°  206.02%° 2420954 393 Bf 117614 143512 156478 91214
oLH + hTNF 21837%82  207.728%  230664% 4274 4B¢ 121274°  148442°  204.18%%  g9goAd
oLH + mTNF 242674 2356777 220074%  4g324° 125054 154607°  171.08B%  gg.467d
Pooled SEM? 2.89 2.82 3.17 330 2.82 2.89 3.66 2.96
Pregnenolone (ng/ml)
Control (nothing) 527 B¢ 5.48 ¢ 8.60 B2 439 ¢ 3.86 B¢ 4.9 Bed 597 44584
hTNF (Sng/ml) 4.66 4.840° 7.96 B2 3.470¢ 323 ¢ 423 6.40 5% 4108
mTNF (5 ng/ml) 5.52 B¢ 5.27 €D 8.54 B2 3.80 ¢ 4.29 Bl 46284 66880 393Cc
oLH (100 ng/ml) 11.55 A 10.42 Bb® 16.00 A? 52518 7.11 B¢ 8.00 A 9.651° 624 Af
oLH + hTNF 11.39 AP 113848 15140 4.41 8¢ 8.07\° 7.78 A 10424° 6 A
oLH + mTNF 1224 11.76 A° 15.22 A2 501 A 6.92 Bl 7368 10428 a1 he
Pooled SEM 0.15 0.16 0.16 0.19 0.15 0.15 0.19 0.15
*AB,CD

Values in the same column and for the same steroid with different letters are significantly different (P<0.05).

Ta’b"'gValues in the same row with different letters are significantly different (P<0.05).
}Standard error of the mean.
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Table 13. In vitro progesterone and pregnenolone production (ng/ml) by granulosa cells of F; follicles at 4, 12,
18 and 24 hours after oviposition in HA and LA hens at 37 weeks of egg production.

Genetic Line

HA LA
Hours after Oviposi%n/(number of hens) Hours after Oviposiﬁgn/(number of hens)
Steroid/Treatment 4/(n=5) 12/(n=5) __ 18/(n=5) _ 24/(n=5) 4/(n=5) 12/(n=5) 18/(n=5) _ 24/(n=5)
Progesterone (ng/ml)/
Control (nothing) 547 C*bct 712908 57408¢ 5718 12.508¢ 60.59 B° 33.888¢  37,00B%
hTNF (5 ng/ml) 44,98 708502 s5428B° 56.45 ° 11.44 B 53.95 B° 2823 3927Bd
mTNF (5 ng/ml) 4837°¢ 8024C% 57248 53.05<°  12.00°° 56.85 B° 327288 3346
oLH (100 ng/ml) 182,79 B® 32581528 98224 331600 50624 115584 102624 112464C
oLH + hTNF 162.18 B° 300258% 99734 3622502 54334 1222 91.654°  125.12Ad
oLH + mTNF 210.78 4° 366.86 107474 409.90 4 51.98AT1  127.98A° 94784 114.11 4%
Pooled SEM' 2.89 275 3.03 2.96 2.82 3.30 3.17 2.89
Pregnenolone (ng/ml)/
Control (nothing) 5.40 €° 6.86 B2 5.68 €% 6.01<® 2.53 Pe 5.13 B¢ 456 42384
hTNF (5 ng/ml) 538 6.69 B2 5.25CP 5.56 <° 2.42 D¢ 5.51 B 3.96 °° 4325
mTNF (5 ng/ml) 5.34 €% 7.44 B2 5510 487" 2.78 ¢ 5.39 Bbe 4280 40P
oLH (100 ng/ml) 12.40 B° 19.78 A® 9.96"B° 185782 6.46 9.40 A% 8.64 Ad 8.10 A4
oLH + hTNF 13.15 B¢ 19214 j0162 21877 5.94 ABe 9.16 Ade 7.52Bf 8.61 ¢
oLH + mTNF 14.68 ° 204272 9.16 B¢ 22.19 42 5.67 B¢ 9.95 A° g.01ABd  gg7A°
Pooled SEM 0.15 0.15 0.16 0.16 0.15 0.19 0.17 0.15
+ABCD

Ta’b'“gValues in the same row with different letters are significantly different (P<0.05).

}Standard error of the mean.

Values in the same column and for the same steroid with different letters are significantly different (P<0.05).



reduced (P<0.05) progesterone secretion 4, 18, and 24 hours after
oviposition.

Co-treatment of F; granulosa cells with mTNFa and oLH increased
(P<0.05) progesterone production over that observed with oLH alone from
HA, but not LA, hens as the ovulatory cycle progressed (Tables 12 and 13).
This was evident at 4, 12, and 24 hours after oviposition in HA hens,
regardless of age.

The decrease in F; pregnenolone secretion after treatment with
hTNFo was primarily a result of lowered (P<0.05) steroid production in
younger hens at 4, 12, and 24 hours after oviposition in HA hens, and 4 and
12 hours after oviposition among LA hens (Tables 12 and 13). In older
hens, this response to hTNFa was diminished and observed only in the LA
line 18 hours after oviposition. Treatment of F; granulosa cells with
mTNFo caused reduced (P<0.05) pregnenolone secretion 24 hours after
oviposition among both lines at 16 weeks of egg production, and at the
same time in HA hens at 37 weeks of egg production.

The limited effect on pregnenolone secretion after co-treatment with
mTNFa and oLH was found to occur early in the ovulatory cycle, and

primarily in HA hens (Tables 12 and 13). Pregnenolone production in HA,
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but not LA, hens increased (P<0.05) at 12 hours after oviposition in younger

hens, and at 4 and 24 hours after oviposition in older hens. Interestingly,
mTNFa and oLH caused a reduction (P<0.05) in pregnenolone production
by F; granulosa cells from older LA hens 4 hours after oviposition. This
was the only case in which the mTNFa and oLH treatment caused a
decrease in either steroid (regardless of follicle size, age, or genetic line).
Treatment of F; granulosa cells with hTNFa and oLH decreased (P<0.05)
pregnenolone secretion at 24 hours after oviposition in younger HA hens,

and at 18 hours after oviposition in older LA hens.
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4. DISCUSSION

As reported previously, Single Comb White Leghorn hens, selected
for their ability to respond to an immune challenge with SRBC'’s, are
known to differ in fertility, growth rate, age at puberty, egg production, and
ability to resist bacterial or viral infection (Hall et al., 1978; Gross et al.,
1980; Siegel and Gross, 1980; Siegel et al., 1982; Martin et al., 1990;
Dunnington et al., 1991). Siegel et al. (1982) and Bryan et al. (1997)
reported that LA hens reached puberty before HA hens (13 and 14 days
respectively), and laid more (P<0.05) eggs to 300 days of age. In the
current study, overall percent HDEP did not differ between genetic lines.
However, both the date of puberty and 15% HDEP in hens of the LA line
occurred 9 days prior to that of HA hens. Consequently, when percent
HDEP to 442 days of age was measured, it was found that LA hens
produced more (P<0.05) eggs than HA hens. Dunnington and Siegel
(1984) suggested that LA hens began to lay before HA hens simply because
they attained the body weight necessary for reproduction at an earlier age.

Serial sampling of blood plasma revealed that levels of circulating
progesterone and luteinizing hormone were higher (P<0.05) among HA

hens from the time of the preovulatory surge until ovulation. Given the
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previously described differences between HA and LA hens, there may also
exist a divergence in the levels and/or activities of certain enzymes within
the steroid pathway. If these differences do exist, they could influence the
production of steroids to the extent that the rate of egg production may be
affected. Currently, the reason(s) for the differing levels of progesterone
and luteinizing hormone between these genetic lines is unknown.

At both 16 and 37 weeks of egg production, the ovary from HA hens
weighed more (P<0.05) than that of LA hens. In older hens, this difference
may be explained by the presence of larger (P<0.05) preovulatory follicles
(F,-F3) and a greater (P<0.05) number of small, 1-6 mm follicles on the
ovary. In younger hens, however, an explanation was not as forthcoming.
At 16 weeks of egg production, only F, follicles were larger (P<0.05) in
HA hens. There were no differences in the numbers of 1-12 mm follicles
among HA and LA hens at 16 weeks of egg production. So, some factor
other than tissue weight is contributory to the higher steroid production
associated with HA hens.

The conversion of pregnenolone to androgens occurs via one of two

different pathways.  The A® pathway involves the metabolism of
pregnenolone to androstenedione (A4) using dihydroepiandrostenedione
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(DHEA) as an intermediary, while in the At pathway, pregnenolone is
preg

converted to A4 through progesterone (Lee ef al., 1998; Figure 3). A recent

study showed that, although both avian granulosa and theca cells have

functional A* and A° pathways, granulosa cells prefer the A* pathway,

whereas theca cell steroidogenesis occurs mainly via the A pathway (Lee et
al., 1998). As the F, follicle matures, its ability to convert progesterone to
androstenedione diminishes, due to a decrease in the activity of the P450
17a-hydroxylase/17,20 lyase enzyme complex (Robison and Etches, 1986).

This inability of ovarian cells from the F, follicle to convert progesterone to

P450c17
3B-HSD

/ AS /
P450scc

P450arom
\ A* /
~ P450c17
38-HSD

@

Figure 3. The A*and A’ steroidogenic pathways*'

*CHOL.: cholesterol; Ps: pregnenolone; P4: progesterone; DHEA: dihydroepiandrosterone; A;: androstenedione;
T,: testosterone; E;: estradiol-17B; P450scc: cholesterol side-chain cleavage enzyme; 3B-HSD: 3f-
hydroxysteroid dehydrogenase; P450c17: cytochrome P450 17a-hydroxylase/17,20 lyase; P450arom: aromatase.
1This figure taken from Lee et al. (1998); Domestic Animal Endocrinology, 15:1-8.
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androstenedione leads to an accumulation of the former. Progesterone
released from granulosa cells in the hen activates receptors present in the
hypothalamus and anterior pituitary, inducing the release of LH
(Kawashima ef al., 1979). Luteinizing hormone, in turn, binds to
receptors on the granulosa cells of preovulatory follicles, causing them to
secrete more progesterone. This positive feedback loop culminates in
preovulatory “spikes” (or peaks) of progesterone and LH that occur
approximately 6 hours prior to ovulation (Wilson and Sharp, 1973;
Johnson and van Tienhoven, 1980). Therefore, it is possible that a
decrease in progesterone could interfere with this positive feedback cycle,
and ultimately delay or inhibit ovulation.

The production of progesterone by granulosa cells increases as
follicles mature. It is clear that much of the progesterone produced by
granulosa cells from F, and F; follicles diffuses to the theca layer and is
further metabolized to androgens or estrogen (Etches and Duke, 1984).
Progesterone produced by F, follicle granulosa cells however is subject to
no further modification, and is released into the peripheral circulation
(Etches and Duke, 1984). In the current study, in vitro progesterone and

pregnenolone production was higher among more mature preovulatory
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follicles (F;>F,>F3). However, at 37 weeks of egg production, F, follicles
produced more progesterone and pregnenolone than did F, follicles. This
unexpected difference in steroid production may have resulted from the
inadvertent addition of higher cell numbers to culture media. Analysis of
total media protein did not explain differences in steroid secretion because
of the relatively high amount of BSA added to the culture media as
compared to total protein secreted by granulosa cells in the 3 hour
incubation period.

In the mammal, the effects of TNFa on ovarian steroidogenesis have
been researched in detail. TNFa has been shown to inhibit FSH induced
steroid production, aromatase activity, and LH receptor number in
undifferentiated granulosa cells of the rat (Emoto and Baird, 1988; Adashi
et al., 1989; Darbon et al., 1989). Given these observations, it is possible
that the cumulus phenotype (i.e. low aromatase, reduced LH binding, and
decreased steroidogenic potential) is caused by ovarian TNFa in mammals,
and tends to “spare” the follicle from premature differentiation. Terranova
(1997) suggested that one function of TNFa may be to protect the
undifferentiated oocyte from the adverse effects associated with estrogen.
Butcher et al. (1975) reported that delayed ovulation, which is associated
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with prolonged exposure to estrogen, increased abnormalities in oocytes.
More over, FSH driven estrogen production and LH receptor formation are
of critical importance if granulosa cells are to differentiate (Darbon et al.,
1989). Therefore, TNFa may be involved in the inhibition of this process

in mammals.

In mammalian granulosa cells that are undergoing or have undergone
differentiation to luteal cells, the effects of TNFa appear to be somewhat
different. TNFa has been shown to reduce LH stimulated progesterone
production in the rat, pig, and cow, while stimulating the production of
PGF,, (Velhuis et al., 1991; Benyo and Pate, 1992; Adashi et al., 1990;
Brénstromm et al., 1993; Pitzel et al., 1993). Therefore, it appears that
TNFo may participate to some extent in luteal regression (Terranova et al.,

1995).

There is very little information available concerning the effect of
cytokines on ovarian steroidogenesis in the avian. Bryan et al. (1997)
reported that in vitro progesterone was consistently reduced (P<0.05)

below basal levels when granulosa cells from domestic hens were treated

with a dose of 5 ng/ml hTNFa.
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In this study, treatment of granulosa cells with human TNFa
decreased (p<0.05) basal progesterone production in F; and F; follicles,
and confirmed the report of Bryan et al. (1997). Similarly, basal
pregnenolone secretion from all preovulatory follicles was reduced
(P<0.05) in response to treatment with hTNFa.. However, in most cases,
preovulatory follicles appeared unresponsive to mouse TNFa, with few
effects observed on basal progesterone and pregnenolone secretion.
Johnson and van Tienhoven (1984) demonstrated a dose-dependent
decrease of in vivo progesterone levels in response to injection with
aminoglutethimide (a potent inhibitor of steroidogenesis). This reduction
in progesterone resulted in the absence of either an LH surge or ovulation.
The reintroduction (via injection) of progesterone resulted in a renewed
preovulatory surge of LH, followed by ovulation of the F, follicle. While
this is proof that a reduction in progesterone can inhibit ovulation, the
threshold at which progesterone must fall below for this to occur is
unknown.

In order to determine the point during the ovulatory cycle when
TNFo was affecting steroid secretion, a time-course study was conducted.

Although hTNFoa consistently caused a numerical reduction in basal
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progesterone and pregnenolone secretion by granulosa cells, these
differences were rarely significant (P<0.05). The lack of significance
observed in the time-course study may have been due to small sample size
(5 hens/time-point). As a result, no clear pattern emerged as to when
specifically hTNFa was having its affect.

It is well known that LH stimulates the production of progesterone
from granulosa cells in the domestic hen (Hammond et al., 1980; Marrone
and Hertelendy, 1983). Asem et al. (1983) determined that progesterone
production by granulosa cells increased when cultured in the presence of
ovine LH. In the current research, treatment of granulosa cells with oLH
stimulated (P<0.05) progesterone production over basal levels without
exception.

In contrast to the effects of hTNFa on basal progesterone production
during the ovulatory cycle, there was indeed a clear and well defined
response of granulosa cells when treated with mTNFa, but not hTNFa, in
the presence of an ovulatory amount of oLH (100 ng/ml). Under these
circumstances, the secretion of progesterone and pregnenolone increased
(over that produced in response to treatment with oLH alone) among hens

of both ages and genetic lines, in all follicle sizes, and at almost all times
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during the ovulatory cycle. Co-treatment of granulosa cells with hTNFa
and oLH did, occasionally, increase (P<0.05) progesterone and
pregnenolone secretion over that of oLH alone. However, this was not as
consistent as that observed after treatment with oLH and the murine form
of TNFa. Branstrom er al. (1995) reported that co-treatment of perfused
rat ovaries with hTNFa (40 ng/ml) and oLH (100 ng/ml) increased in vitro
progesterone production as compared to treatment with oLH alone.
Furthermore, they reported a four-fold increase in the rate of LH induced
ovulatory rates when perfused ovaries were exposed to hTNFa. At this
time, the significance of an increase in progesterone productions by
granulosa cells in the hen is not known. Zolti et al. (1990) found that
concentrations of TNFa in bovine follicular fluid increased as ovulation
approached. This implies the possibility that, in the hen, TNFa may
potentiate the LH induced production of progesterone as follicles mature,
and thereby augment or at least influence the ovulatory process.

Recently, Tartaglia and Goeddel (1992) proposed a model by which
the 75 kDa type II receptor for TNFa could sequester TNFa and “pass it
on” to the 55 kDa type I receptor. As discussed previously, the type II

receptor has a greater affinity for TNFa than does the type I receptor.
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However, TNFa dissociates from the type II receptor at a greater rate than
from the type I receptor, thereby facilitating interaction of the cytokine
with the type I receptor (Medvedev et al., 1996). Since the type II receptor
does not associate with human TNFa, this effect would only be observed
when studying the murine form. Corroborating evidence for this “ligand
passing” model comes from a study in which hTNFa was considerably less
effective than mTNFa in the induction of IL-6 in vitro and in vivo in the
mouse (Benigni et al., 1996). However, when the authors injected
antibodies to each receptor, they found that activation of the type I receptor
was more effective in stimulating the production of IL-6. In fact, it
appeared that the antibody to the type II receptor was absolutely incapable
of inducing IL-6 production (Benigni et al, 1996). Recently, the type I
receptor for TNFa has been implicated in the induction of HIV-1
expression (Matsuyama et al., 1991). Butera et al. (1996) found no direct
action of HIV-1 by the type II receptor. However, when the type II
receptor was blocked (by antibodies), the effect of TNFa on HIV-1
induction was decreased markedly, suggesting to the authors that the type
II receptor enhanced the binding of TNFa to the type I receptor. There

exists the possibility that this “ligand passing” model is applicable to the
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increased in vitro production of progesterone by granulosa cells of the hen
in response to mTNFa and oLH. It should not, however, be ruled out that
the effects of mMTNFa and oLH on steroidogenesis in the laying hen are the
result of a direct activation of the type II TNFa receptor.

Future research should be aimed at the identification and
localization, as well as the physiologic roles, of the TNFa receptors in the
ovary of the laying hen. Finally, since these studies utilized only granulosa
cells, it would be of great interest to study the effect(s) of TNFa on the

intact follicle composed of theca and granulosa cells.
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S. SUMMARY

Single Comb White Leghorn hens, genetically selected for either high
or low levels of antibody in response to an immune challenge with SRBC'’s,
displayed different production characteristics. Low antibody hens reached
sexual maturity approximately 9 days before HA hens, and laid more
(P<0.05) eggs to 442 days of age. Analysis of in vivo steroid production
showed that both progesterone and luteinizing hormone were higher
(P<0.05) among HA hens during the 6 hours prior to ovulation. Although
the reason(s) for these differences are currently unknown, they may be due
to differences in the levels or activities of enzymes within the steroid
pathway or differential tissue response to either gonadotropins or steroids.

In vitro progesterone and pregnenolone production was generally
higher (P<0.05) among HA hens as compared to LA hens, and in larger
versus smaller preovulatory follicles. As in the mammal, TNFa appears to
inhibit basal steroidogenesis in the laying hen. Treatment of granulosa cells
with hTNFa, but not mTNFa resulted in reduced (P<0.05) progesterone and
pregnenolone production. However, these decreases were not as prevalent,

or of the magnitude of those previously reported by our laboratory (Bryan et
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al., 1997). Conversely, in vitro treatment of granulosa cells with mTNFa in
the presence of an ovulatory amount of oLH (100 ng/ml) consistently and
markedly increased (P<0.05) the secretion of progesterone and
pregnenolone over that observed after treatment with either oLH alone or
hTNFa and oLH.

The observation that co-treatment of granulosa cells with mTNFa and
oLH stimulated steroid secretion over that produced in response to
treatment with hTNFa and oLH suggests a role for the type II TNFa
receptor in potentiating the effects of the type I TNFa receptor. However,
since the intracellular domains of the two receptors share little or no
sequence homology, it is unclear whether these differences in steroid
production are the result of ligand passing, or a direct activation of the type
II receptor.

Due to the high incidence of exposure to microbial pathogens in
commercial poultry operations, the study of the effects of cytokines on
avian reproduction is of great importance. A better understanding of how
these cytokines influence the reproductive cycle in the avian will allow for
appropriate responses to infection, as well as, reinforce the need for
preventative measures.

60



LITERATURE CITED

61



LITERATURE CITED

Adashi, E. Y., Resnick, C. E., Croft, C. S., Payne, D. W. Tumor necrosis factora
inhibits gonadotropin hormonal action in nontransformed ovarian granulosa cells.
Jounal of Biological Chemistry, 1989, 264, 11591-11597.

Adashi, E. Y., Resnick, C. E., Packman, J. N., Hurwitz, A., Payne, D. W.
Cytokine-mediated regulation of ovarian function: Tumor necrosis factor-a
inhibits gonadotropin-supported progesterone accumulation by differentiating and
luteinized murine granulosa cells. American Journal of Obstetrics and Gynecology,
1990, 162, 889-899.

Andreani, C., Payne, D., Packman, J., Resnick, C., Hurwitz, A., Adashi, E.
Cytokine-mediated regulation of ovarian function: Tumor necrosis factor-alpha
inhibits gonadotropin supported ovarian androgen biosynthesis. Journal of
Biological Chemistry, 1991, 266, 6761-6766.

Armstrong, DG. 3B-Hydroxy-AS-steroid dehydrogenase activity in the rapidly
growing avian follicles of the domestic fowl (Gallus domesticus). Journal of
Endocrinology, 1982, 93, 415-421.

Armstrong, DG. Ovarian aromatase activity in the domestic fowl (Gallus
domesticus). Journal of Endocrinology, 1984, 100, 81-86.

Armstrong, DG. Changes in aromatase activity in small ovarian follicles of the
domestic fowl (Gallus domesticus) during growth and atresia. Journal of
Endocrinology, 1985, 105, 297-301.

Asem, E. K., Lintner, F., Biellier, H. V., Burke, W. H., Hertelendy, F. Comparison
of turkey luteinizing hormone (LH)- and ovine LH-induced progesterone
production in granulosa cells of the turkey (Meleagris gallopavo) and of the
domestic fowl (Gallus domesticus). General and Comparative Endocrinology,
1983, 52, 445-451.

Bagavandoss, P., Kunkel, S. L., Wiggins, R. C., Keyes, P. L. Tumor necrosis
factor-a (TNF-a) production and localization of macrophages and T lymphocytes
in the rabbit corpus luteum. Endocrinology, 1988, 122, 1185-1187.

Bagavandoss, P., Wiggins, R. C., Kunkel, S. L., Remick, D. G., Keyes, P. L.
Tumor necrosis factor production and accumulation of inflammatory cells in the
62



corpus luteurn of pseudopregnancy and pregnancy in rabbits. Biology of
Reproduction, 1990, 42, 367-376.

Bahr, J. J., Nalbandov, A. V. Reproduction in poultry. In Reproduction in
Domestic Animals, eds H. H. Cole and P. I. Cupps. Academic Press, New York,
NY, 1977, 529-552.

Barbara, J. A., Smith, W. B., Gamble, J. R., Van Ostade, X., Vandenabeele, P.,
Tavernier, J., Fiers, W., Vadas, M. A., Lopez, A. F. Dissociation of TNF-a
cytotoxic and proinflammatory activities by p55 receptor- and p75 receptor-
selective TNFo mutants. EMBO Journal, 1994, 13, 843-850.

Baker, S. J., Reddy, P. E. Transducers of life and death: TNF receptor superfamily
and associated proteins. Oncogene, 1996, 12, 1-9.

Benigni, F., Faggioni, R., Sironi, M., Fantuzzi, G., Vandenabeele, P., Takahashi,
N., Sacco, S., Fiers, W., Buurman, W. A., Ghezzi, P. TNF receptor p55 plays a
major role in centrally mediated increases of serum IL-6 and corticosterone after
intracerebroventricular injection of TNF. Journal of Immunology, 1996, 157,
5563-5568.

Benyo, D. F., Pate, J. L. Tumor necrosis factor-a alters bovine luteal cell synthetic
capacity and viability. Endocrinology, 1992, 130, 854-860.

Berger, M., Wetzler, E. M., Wallis, R. S. Tumor necrosis factor is the major
monocyte product that increases complement receptor expression on mature
human neutrophils. Blood, 1988, 71, 151-158.

Bertolini, D. R., Nedwin, G. E., Bringman, T. S., Smith, D. D., Mundy, G. R.
Stimulation of bone resorption and inhibition of bone formation i» vitro by human
tumor necrosis factors. Nature, 1986, 319, 516-518.

Beutler, B., Cerami, A. Cachectin and tumor necrosis factor as two sides of the
same biological coin. Nature, 1986, 320, 584-588.

Beutler, B., Cerami, A. The history, properties, and biological effects of cachectin.
Journal of the American Chemical Society, 1988, 110, 7575-7582.

Beutler, B., Greenwald, D., Hulmes, J. D., Chang, M., Pan, Y-C. E., Mathison, J.,
Ulevich, R., Cerami, A. Identity of tumour necrosis factor and the macrophage-
secreted factor cachectin. Nature, 1985, 316, 552-554.

63



Biozzi, G., Mouton, D., Sant’Anna, O. A., Passos, H. C., Gennari, M., Reis, M. H.,
Ferreira, V. C. A., Heimann, A. M., Bouthillier, Y., Banez, O. M., Stiffel, C.,
Siqueira, M. Genetics of immunoresponsiveness to natural antigens in the mouse.
Current Topics in Microbiology and Immunology, 1979, 85, 31-2.

Black, R. A., Rauch, C. T., Kozlosky, C. J., Peschon, J. J., Slack, J. L., Wolfson,
M. F., Castner, B. J., Stocking, K. L., Reddy, P., Srinivasan, S., Nelson, N., Boiani,
N., Schooley, K. A., Gerhart, M., Davis, R., Fitzner, J. N., Johnson, R. S., Paxton,
R. J., March, C. J., Cerretti, D. P. A metalloproteinase disintegrin that releases
tumour-necrosis factor-alpha from cells. Nature, 1997, 385, 729-733.

Brinnstrom, M., Wang, L. J., Norman, R. Effects of cytokines on prostaglandin
production and steroidogenesis of incubated preovulatory follicles of the rat.
Biology of Reproduction, 1993, 48, 165-171.

Bréannstrém, M., Bonello, N., Wang, L. J., Norman, R. Effects of tumor necrosis
factor a (TNFa) on ovulation in the rat ovary. Reproduction and Fertility
developments, 1995, 7, 67-73.

Bryan, M. A., Grizzle, J. M., Saxton, A. M., Seigel, P. B., Dunnington, E. A.
Effect of tumor necrosis factor-a on progesterone production by granulosa cells in
laying hens of different genetic lines. Domestic Animal Edocrinology, 1997, 14,
161-169.

Butcher, R. L., Collins, W. E., Fugo N. W. Altered secretion of gonadotropins and
steroids resulting from delayed ovulation in the rat. Endocrinology, 1975, 21, 576-
586.

Butera, S. T., Roberts, B. D., Folks, T. M. Ligand passing by the p75 tumour
necrosis factor receptor enhances HIV-1 activation. Cytokine, 1996, 8, 745-750.

Carswell, E., Old, L., Kassel, R., Green, S., Fiore, N., Williamson, B. An
endotoxin induced serum factor that causes necrosis of tumors. Proceedings of the
National Academy of Science,s USA, 1975, 72, 3666-3670.

Chen, H. L., Marcinkiewicz, J. L., Sancho-Tello, M., Hunt, J. S., Terranova, P. F.

Tumor necrosis factor-o. gene expression in mouse oocytes and follicular cells.
Biology of Reproduction, 1993, 48, 707-714.

64



Darbon, J., Oury, F., Laredo, J., Bayard, F. Tumor necrosis factor-a inhibits
follicle-stimulating hormone-induced differentiation in cultured rat granulosa cells.
Biochemical and Biophysical Research Communications, 1989, 163, 1038-1046.

Davidson, M. F., Gilbert, A. B., Wells, J. W. The activity of the ovarian A5-3f3-
hydroxysteroid dehydrogenase in the domestic fowl (Gallus domesticus) with
respect to age. Journal of Reproduction and Fertility, 1979, 57, 61-64.

Dinarello, C. A., Cannon, J. G., Wolf, S. M., Bernheim, H. A, Beutler, B., Cerami,
A., Figari, 1. S., Palladino, M. A. Jr., O’Connor, J. V. Tumor necrosis factor
(cachectin) is an endogenous pyrogen and induces production of interleukin 1.
Journal of Experimental Medicine, 1986, 163, 1433-1450.

Dinarello, C. A., Mier, J. W. Current Concepts: Lymphokines. New England
Journal of Medicine, 1987, 15, 940-945.

Dunnington, E. A., Siegel, P. B. Age and body weight at sexual maturity in female
White Leghorn chickens. Poultry Science, 1984, 63, 828-830.

Dunnington, E., Siegel, P., Gross, W. Escherichia coli challenge in chickens
selected for high and low antibody response and differing in haplotypes at the
major histocompatibility complex. Avian Diseases, 1991, 35, 937-940.

Emoto, N., Baird, A. The effect of tumor necrosis factor/cachectin on follicle-
stimulating hormone-induced aromatase activity in cultured rat granulosa cells.
Biochemical and Biophysical Research Communications, 1988, 153, 792-798.

Engelmann, H., Holtmann, H., Brakebusch, C., Avni, Y. S,, Sarov, 1., Nophar, Y,,
Hadas, E., Leitner, O., Wallach, D. Antibodies to a soluble form of a tumor
necrosis factor (TNF) receptor have TNF-like activity. Journal of Biological
Chemistry, 1990, 265, 14497-14504.

Espevik, T., Brockhaus, M., Loetscher, H., Nonstad, U., Shalaby, R.
Characterization of binding and biological effects of monoclonal antibodies
against a human tumor necrosis factor receptor. Journal of Experimental
Medicine, 1990, 171, 415-426.

Espey, L. Ovulation as an inflammatory reaction--A hypothesis. Biology of
Reproduction, 1980, 22, 73-106.

65



Etches, R. J., Duke, C. E. Progesterone, androstenedione, and oestrogen content of
theca and granulosa tissues of the four largest ovarian follicles during the
ovulatory cycle of the hen. Journal of Endocrinology, 1984, 103, 71-76.

Fiers, W. Tumor Necrosis Factor: Characterization at the molecular, cellular and in
vivo level. FEBS Letters, 1991, 285, 199-212.

Fransen, L., Muller, R., Marmenout, A., Tavemier, J., Van-der-Heyden, J.,
Kawashima, E., Chollet, A., Tizard, R., Van-Heuverswyn, H., Van-Vliet, A., et al.
Molecular cloning of mouse tumour necrosis factor cDNA and its eukaryotic
expression. Nucleic Acids Research, 1985, 13, 4417.

Garrett, I. R., Durie, B. G., Nedwin, G. E., Gillespie, A., Bringman, T., Sabatini,
M., Bertolini, D. R., Mundy, G. R. Production of lymphotoxin, a bone-resorbing
cytokine, by cultured human myeloma cells. New England Journal of Medicine,
1987, 317, 526-532.

Gilbert A. B. The ovary. In Physiology and Biochemistry of the Domestic Fowl,
vol. 3, eds D. J. Bell and B. M. Freeman. Academic Press, New York, NY, 1971,
1163-1208.

Gross, W. B. Comparison of dose effect of sheep red cells on antibody response in
two lines of chickens. Avian Diseases, 1979, 23, 526-528.

Gross, W., Siegel, P., Hall, R., Domermuth, C., DuBoise, R. Production and
persistence of antibodies in chickens to sheep erythrocytes: Resistance to
infectious diseases. Poultry Science, 1980, 59, 205-210.

Gruss, H. J., Dower, S. K. Tumor necrosis factor ligand superfamily: involvement
in the pathology of malignant lymphomas. Blood, 1995, 85, 3378-3404.

Hall, R., Gross, W., Tumner, E., Siegel, P. Initial observations on the effects of
cortcosterone and inbred antibody competency in chickens on population
development of the Northern fowl mite. Poultry Science, 1978, 57, 1728-1732.

Hammond, R. W., Todd, H., Hertelendy, F. Effects of mammalian gonadotropins

on progesterone release and cyclic nucleotide production by isolated avian
granulosa cells. General and Comparative Endocrinology, 1980, 41, 467-476.

66



Hehnke-Vagnoni, K. E., Clark, C. L., Taylor, M. J., Ford, S. P. Presence and
localization of tumor necrosis factor a in the corpus luteum of nonpregnant and
pregnant pigs. Biology of Reproduction, 1995, 53, 1339-1344.

Hodges, R. D. The histology of the fowl. Academic Press, London, 1974.

Huang, E. S., Nalbandov, A. V. Steroidogenesis of chicken granulosa and theca
cells: In vitro incubation system. Biology of Reproduction,1979, 20, 442-453.

Huang, E. S., Kao, K. J.,, Nalbandov, A. V. Synthesis of steroids by cellular
components of chicken follicles. Biology of Reproduction, 1979, 20, 454-461.

Hunt, J., Chen, H-L., Hu, X-L., Chen, T-Y., Morrison, D. Tumor necrosis factor-o
gene expression in the tissues of normal mice. Cytokine, 1992, 4, 340-346.

Jasper, M., Norman, R. Immunoreactive interleukin-1 beta and tumor necrosis
factor-alpha in thecal, stromal, and granulosa cell cultures from normal and
polycystic ovaries. Human Reproduction, 1995, 10, 1352-1354.

Ji, 1., Slaughter, R. G., Ellis, J. A., Ji, T. H., Murdoch, W. J. Analysis of ovine
corpora lutea for tumor necrosis factor mRNA and bioactivity during
prostaglandin-induced luteolysis. Molecular and Cellular Endocrinology, 1991, 81,
77-80.

Johnson, A. Comparison of three serial blood sampling techniques on plasma
hormone concentrations in the laying hen. Poultry Science, 1981, 60, 2322-2327.

Johnson, A. L., van Tienhoven, A. Plasma concentrations of six steroids and LH
during the ovulatory cycle of the hen, Gallus domesticus. Biology of Reproduction,
1980, 23, 386-393.

Johnson, A. L., van Tienhoven, A. Effects of aminoglutethimide on luteinizing
hormone and steroid secretion, and ovulation in the hen, Gallus domesticus.
Endocrinology, 1984, 114, 2276-2283.

Kawashima, M., Kamiyoshi, M., Tamaka, K. Cytoplasmic progesterone receptor
concentrations in the hen hypothalamus and pituitary: difference between laying
and nonlaying hens and changes during the ovulatory cycle. Biology of
Reproduction, 1979, 20, 581.

67



Kern, P. A., Saghizadeh, M., Ong, J. M., Bosch, R. J., Deem, R., Simsolo, R. B.
The expression of tumor necrosis factor in human adipose tissue. Regulation by
obesity, weight loss, and relationship to lipoprotein lipase. Journal of Clinical
Investigation, 1995, 95, 2111-2119.

Klasing, K., Johnstone, B. Monokines in growth and development. Poultry
Science, 1991, 70, 1781-1789.

Klebanoff, S. J., Vadas, M. A., Harlan, J. M., Sparks, L. H., Gamble, J. R., Agosti,
J. M., Waltersdorph, A. M. Stimulation of neutrophils by tumor necrosis factor.
Journal of Immunology, 1986, 136, 4220.

Kriegler, M., Perez, C., DeFay, K., Albert, I., Lu, S. D. A novel form of
TNF/cachectin is a cell surface cytotoxic transmembrane protein: Ramifications
for the complex physiology of TNF. Cell, 1988, 53, 45-53.

Lee, K. A., Volentine, K. K., Bahr, J. M. Two steroidogenic pathways present in
the chicken ovary: Theca layer prefers A pathway and granulosa layer prefers A’
pathway. Domestic Animal Endocrinology, 1998, 185, 1-8.

Lee, S. C.,, Liu, W., Dickson, D. W., Brosnan, C. F., Berman, J. W. Cytokine
production by human fetal microglia and astrocytes. Differential induction by
lipopolysaccharide and IL-1 beta. Journal of Immunology, 1993, 150, 2659.

Lewis, M., Tartaglia, L. A., Lee, A., Bennett, G. L., Rice, G. C., Wong, G. H. W,,
Chen, E. Y., Goeddel, D. V. Cloning and expression of cDNAs for two distinct
murine tumor necrosis factor receptors demonstrate one receptor is species
specific. Proceedings of the National Academy of Sciences, USA, 1991, 88, 2830-
2834.

Lisby, S., Mueller, K. M., Jongeneel, C. V., Saurat, J. H., Hauser, C. Nickel and
skin irritants up-regulate tumor necrosis factor-alpha mRNA in keratinocytes by
different but potentially synergistic mechanisms. International Immunology, 1995,
7, 343-352.

Marcinkiewicz, J. L., Krishna, A., Cheung, C. M. Y., Terranova, P. F. Oocytic
tumor necrosis factor alpha: localization in the neonatal ovary and throughout
follicular development in the adult rat. Biology of Reproduction, 1994, 50, 1251-

1260.
68



Marrone, B. L., Hertelendy, F. Steroid metabolism by avian ovarian cells during
follicular maturation. Biology of Reproduction, 1983, 29, 953-962.

Martin, A., Dunnington, E., Gross, W., Briles, W., Briles, R., Siegel, P. Production
traits and alloantigen systems in lines of chickens selected for high or low antibody
response to sheep erythrocytes. Poultry Science, 1990, 69, 871-878.

Matsuyama, T., Koobayashi, N., Yamamoto, N. Cytokines and HIV infection: is
AIDS a tumor necrosis factor disease? AIDS, 1991, 5, 1405-1417.

Medvedev, A. E., Espevik, T., Ranges, G., Sundan, A. Distinct roles of the two
tumor necrosis factor (TNF) receptors in modulating TNF and lymphotoxin o
effects. Journal of Biological Chemistry, 1996, 271, 9778-9784.

Modrowski, D., Godet, D., Marie, P. J. Involvement of interleukin 1 and tumor
necrosis factor alpha as endogenous growth factors in human osteoblastic cells.
Cytokine, 1995, 7, 720.

Montgomery Rice, V., Williams, V., Limback, S., Terranova, P. Tumor necrosis
factor-alpha inhibits follicle stimulating hormone induced-granulosa cell estradiol
secretion in the human: dependence on size of follicle. Human Reproduction,
1996, 11, 1256-1261.

Naylor, M. S. , Malik, S. T. A., Stamp, G. W. H., Jobling, T., Balkwill, F. R. In
situ detection of tumor necrosis factor in human ovarian cancer specimens.
European Journal of Cancer, 1990, 26, 1027-1030.

Naylor, M. S., Stamp, G. W. H., Foulkes, W. D., Eccles, D., Balkwill, F. R.
Tumor necrosis factor and its receptors in human ovarian cancer. Journal of
Clinical Investigation, 1993, 91, 2194-2206.

Nitta, H., Osawa, Y., Bahr, J. M. Multiple steroidogenic cells populations in the
thecal layer of preovulatory follicles of the chicken ovary. Endorinology, 1991,

129, 2033-2040.

North, M. O. Commercial Chicken Production Manual. AVI Publishing Co.,
Westport, CT, 1978, 419.

69



Olsson, 1., Lantz, M., Nilsson, E., Peetre, C., Thysell, H., Grubb, A., Adolph, G.
Isolation and characterisation of a tumor necrosis factor binding protein from
urine. European Journal of Haematology, 1989, 42, 270-275.

Pate, J. L. Involvement of immune cells in regulation of ovarian function.
Reproduction and Fertility Supplement, 1995, 49, 365-377.

Pennica, D., Hayflick, J. S., Bringman, T. S., Palladino, M. A., Goeddel, D. V.
Cloning and expression in Escherichia coli of the cDNA for murine tumor necrosis
factor. Proceedings of the National Academy of Sciences, USA, 1985, 82, 6060.

Pitzel, L., Jarry, H., Wuttke, W. Effects and interactions of prostaglandin F2a,
oxytocin, and cytokines on steroidogenesis of porcine luteal cells. Endocrinology,
1993, 132, 751-756.

Porter, T. E., Hargis, B. M., Silsby, J. L., El Halawani, M. E. Differential steroid
production between theca interna and theca externa cells: a three-cell model for
follicular steroidogenesis in avian species. Endocrinology, 1989, 125, 109-116.

Rafael, Z., Orvieto, R. Cytokines: Involvement in reproduction. Fertility and
Sterility, 1992, 58, 1093-1099.

Richards, G. R., Almonds, G. W. Identification and distribution of tumor necrosis
factora receptors in pig corpora lutea. Biology of Reproduction, 1994, 51, 1285-
1291.

Robinson, F. E., Etches, R. J. Ovarian steroidogenesis during follicular maturation
in the domestic fowl (Gallus domesticus). Biology of Reproduction, 1986, 35,
1096-1105.

Roby, K. F., Terranova, P. F. Localization of tumor necrosis factor (TNF) in rat
and bovine ovary using immunocytochemistry and cell blot: Evidence of
granulosal production. In Growth Factors and the Ovary, ed AN. Hirshfield.
Plenum Press, New York, NY, 1989, 273-278.

Roby, K. F., Terranova, P. F. Effects of tumor necrosis factor alpha in vitro on

steroidogenesis of healthy and atretic follicles of the rat: Theca as a target.
Endocrinology, 1990, 126, 2711-2718.

70



Roby, K. F., Weed, J., Lyles, R., Terranova, P. F. Immunological evidence for a
human ovarian tumor necrosis factor-a.. Journal of Clinical Endocrinology and
Metabolism, 1990, 71, 1096-1102.

Sancho-Tello, M., Perez-Roger, 1., Imakawa, K., Tilzer, L., Terranova, P. F.
Expression of tumor necrosis factor-a in the rat ovary. Endocrinology, 1992, 130,
1359-1364.

SAS Institute Inc., The MIXED procedure. In SAS/STAT® Sofiware: Changes and
enhancements through release. Version 6, Eleventh Edition. SAS Institute Inc.,
1996, 531-656.

Shalaby, M. R., Aggarwal, B. B., Rinderknecht, E., Svedersky, L. P., Finkle, B. S.,
Palladino, M. A. Jr. Activation of human polymorphonuclear neutrophil functions
by interferon-gamma and tumor necrosis factors. Journal of Immunology, 1985,
135, 2069-2073.

Shalaby, M. R., Sundan, A., Loetscher, H., Brockhaus, M., Lesslauer, W.,
Espevite, T. Binding and regulation of cellular functions by monoclonal antibodies
against human tumor necrosis factor receptors. Journal of Experimental Medicine,
1990, 172, 1517-1520.

Shaw, D., Britt, J. Concentrations of tumor necrosis factor o and progesterone
within the bovine corpus luteum sampled by continuous-flow microdialysis during
luteolysis in vivo. Biology of Reproduction, 1995, 53, 847-854.

Sheehan, K. C. F., Pinckard, J. K., Arthur, C. D., Dehner, L. P., Goeddel, D. V.,
Schreiber, R. D. Monoclonal antibodies specific for murine p55 and p75 tumor
necrosis factor receptors: identification of a novel in vivo role of p75. Journal of
Experimental Medicine, 1995, 181, 607.

Siegel, P. B., Gross, W. B. Production and persistence of antibodies in chickens to
sheep erythrocytes: Directional selection. Poultry Science, 1980, 59, 1-5.

Siegel, P. B., Gross, W. B., Cherry, J. Correlated responses of chickens to selection

for production of antibodies to sheep erythrocytes. Animal Blood Groups and
Biochemical Genetics, 1982, 13, 291-297.

71



Silberstein, D. S., David, J. R. Tumor necrosis factor enhances eosinophil toxicity
to Schistosoma mansoni larvae. Proceedings of the National Academy of Sciences,
USA, 1986, 83, 1055-1059.

Spengler, U., Zachoval, R., Gallati, H., Jung, M. C., Hoffman, R., Riethmueller,
G., Page, G. Serum levels and in situ expression of TNFa and TNFa binding
proteins in inflammatory liver diseases. Cytokine, 1996, 8, 864-872.

Spicer, L., Alpizar, E. Effects of cytokines on FSH-induced estradiol production
by bovine granulosa cells in vitro: dependence on size of follicle. Domestic
Animal Endocrinology, 1994, 11, 25-34.

Steinshamn, S., Brekke, O. L., Waage, A. Soluable tumor necrosis factor
receptors, tumor necrosis factor and interleukin-6 in serum in granulocytopenic
patients with fever. British Journal of Haematology, 1995, 89, 719-724.

Tartaglia, L. A., Ayres, T. M., Wong, G. H. W., Goeddel, D. V. A novel domain
within the 55kd TNF receptor signals death. Cell, 1993, 74, 845-853.

Tartaglia, L. A., Goeddel, D. V. Two TNF receptors. Immunology Today, 1992,
13, 151-153.

Tartaglia, L. A., Weber, A. F., Figari, I. S., Reynolds, C., Palladino, M. A.,
Goeddel, D. V. The two different receptors for tumor necrosis factor mediate
distinct cellular responses. Proceeding of the National Academy of Sciences, USA,
1991, 88, 9292-9296.

Tekpetey, F. R., Engelhardt, H, Armstrong, D. T. Differential modulation of
porcine theca, granulosa, and luteal cell steroidogenesis in vitro by tumor necrosis
factor. Biology of Reproduction, 1993, 48, 936-943.

Terranova, P. F., Hunter, V. J., Roby, K. F., Hunt, J. S. Tumor necrosis factor-a in
the female reproductive tract. Proceeding of the Society for Experimental Biology
and Medicine, 1995, 209, 325-342.

Terranova, P. F. Potential roles of tumor necrosis factor-a in follicular

development, ovulation, and the life span of the corpus luteum. Domestic Animal
Endocrinology, 1997, 14, 1-15.

72



Tilly, J. L., Kowalski, K. 1., and Johnson, A. L. Stage of ovarian follicular
development associated with the initiation of steroidogenic competence in avian
granulosa cells. Biology of Reproduction, 1991, 44, 305-314.

Veldhuis, J., Garmey, J., Urban, R., Demers, L., Aggarwal, B. Ovarian actions of
tumor necrosis factor-a (TNFa): Pleiotropic effects of TNFa on differentiated
functions of untransformed swine granulosa cells. Endocrinology, 1991, 129, 641-
648.

Villarroya, H., Marie, Y., Ouallet, J. C., Le Saux, F., Tchelingerian, J. L., Bauman,
N. Expression of TNF-alpha in central neurons of Lewis rat spinal cord after EAE
induction. Journal of Neuroscience Research, 1997, 49, 592-599.

Wang, L. J., Brannstrém, M., Robertson, S., Norman, R. J. Tumor necrosis factora
in the human ovary: Presence in follicular fluid and effects on cell proliferation
and prostaglandin production. Fertility and Sterility, 1992, 58, 934-940.

Ware, C. F., Crowe, P. D., Grayson, M. H., Androlewicz, M. J., Browning, J. L.
Expression of surface lymphotoxin and tumor necrosis factor on activated T, B,
and natural killer cells. Journal of Immunology, 1992, 149, 3881.

Wilson, S. C., Sharp, P. J. Variations in plasma LH levels during the ovulatory
cycle of the hen (Gallus domesticus). Journal of Reproduction and Fertility, 1973,
35, 561-564.

Wong, G. H. W, Tartaglia, L. A., Lee, M. S., Goeddel, D. V. Antiviral activity of
tumor necrosis factor (TNF) is signaled through the 55-kDa receptor, type I TNF.
Journal of Immunology, 1992, 149, 3350-3353.

Wuttke, W., Jarry, H., Pitzel, L., Knoke, I., Spies, S. Luteotrophic and luteolytic
actions of ovarian peptides. Human Reproduction, 1993, 8, 141-146.

Yamada, K., Takane, N., Otabe, S., Inada, C., Inoue, M., Nonaka, K. Pancreatic
beta-cell-selective production of tumor necrosis factor-alpha induced by
interleukin-1. Diabetes, 1993, 42, 1026-1031.

Zachow, R. H., Tash, J. S., Terranova, P. F. Tumor necrosis factor-a induces

clustering in ovarian theca-interstitial cells in vitro. Endocrinology, 1992, 131,
2503-2513.

73



Zachow, R., Tash, J., Terranova, P. Tumor necrosis factor-a attenuation of
luteinizing hormone-stimulated androstenedione production by ovarian theca-
interstitial cells: inhibition at loci within the adenosine 3’,5’-monophosphate-
dependent signaling pathway. Endocrinology, 1993, 133, 2269-2276.

Zolti, M., Ben-Rafael, Z., Meirom, R., Shemesh, M., Bider, D., Mashiach, S.,
Apte, R. N. Cytokine involvement in oocytes and early embryos. Fertility and
Sterility, 1991, 56, 265-272.

Zolti, M., Meirom, R., Shemish, M., Wollach, D., Mashiach, S., Shore, L., Ben-
Rafael, Z. Granulosa cells as a source and target organ for tumor necrosis factora.
FEBS Letters, 1990, 261, 253-255.

74



VITA

Matthew Daniel Brent was born July 29, 1973, in Memphis,
Tennessee. He obtained his elementary and secondary education at schools
in Memphis, TN, and Roseburg, OR. He received his high school diploma
from White Station High School in Memphis, TN, in May of 1991. He
entered the University of Tennessee at Martin, TN, the following August
and graduated with a Bachelor of Science degree in Agriculture in August
of 1996. He began his Master of Science program at the University of
Tennessee in Knoxville, TN, in August 1996, and officially received the

Master’s degree in May of 1999.

75



