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ABSTRACT

Studies reported in this thesis examined aspects of the distribution of

leukocyte subpopulation in human colpus luteum, cytokine determination in human

preovulatory follicular fluid, as well as the effects of cytokines on human granulosa-

lutein cells with the aim of investigating one of the ovarian regulatory systems, which

may be controlled by immune cell-derived cytokines.

In the first series of experiments, distribution of leukocyte subpopulation in

human corpus luteum was demonstrated by immunocytochemistry. Ten intact corpora

lutea were collected from female patients who had no apparent ovarian disease. The

mean age of these patients was 37 years (range 23-55 years). Frozen and paraffin

sections were subjected to analysis using monoclonal antibodies which were specific

to leukocyte marker antigens. The results showed that there are macrophages, cells

positive for leukocyte common antigen (LCA), T lymphocytes including T

helper/inducer (T4) cells, T cytotoxic/suppressor (Tg) cells and activated T (Ta) cells

(interleukin-2 receptor-positive cells), monocytes and natural killer (NK) cells but B

lymphocytes \¡/ere not found to be present in the human corpus luteum. The

distribution of leukocytes present in the different parts of the corpus luteum was found

to be in the order of: theca-luteal area > loose connective tissue area > granulosa-

luteal area. Macrophages and T lymphocyte subsets comprised the main components

of the total leukocytes in the human corpus luteum. Ta cells were only localized in

the loose connective tissue of the co{pus luteum. In most cases, macrophages, LCA

cells and T4 cells tended to be situated in a single cell layer on the edge of the theca-

luteal area and surrounding the granulosa-luteal area. These results suggest that the

leukocytes may act to a greater extent in the theca-luteal area than in the granulosa-

luteal area. A large concentration of leukocytes in the corpus luteum reinforces the

view that cytokines may play a significant role in ovarian physiology.



l_x

In the second series of experiments, the presence of immunoreactive

interleukin (IL)-l, IL-Z and tumor necrosis factor a (TNFa) in human follicular fluid

obtained at the time of oocyte collection for in-vitro fertilization was ascertained by

radioimmunoassay. Results obtained from group I (20 fluids of 20 patients) showed

that the concentrations of IL-l, were 9t0.6pmol/l and L9t0.4pmol/l in follicular fluid

and plasma respectively. A positive correlation existed between IL-L levels in

follicular fluid and plasma (r = 0.56, p<0.01,). Concentrations of IL-Z werc

35x2pmol/l and 6Lt3 pmol/l in follicular fluid and plasma respectively. A positive

correlation of.IL-2levels was also found between follicular fluid and plasma (r =

0.65, p<0.01). There was no association between IL-L, IL-2 and steroid levels,

regardless of whether they were compared in follicular fluid or plasma. Group II was

composed of a series of fluids (2 to 7 samples for each of seven patients) in which the

follicular concentrations of IL-l- and IL-2 did not show a positive correlation with the

volume of follicular fluid or the concentrations of follicular fluid steroids. For

measurement of immunoreactive TNFa levels, a total of 32 fluids were selected from

9 patients (2-7 samples from each patient). The concentration of TNFa in follicular

fluid was 20t1 pmol/l and there were no significant correlations between levels of

TNFa and of steroids or follicular volume. However, bioactivity detected by bioassay

for TNFa in human follicular fluid was considerably less. These results suggested that

human follicular fluid contains immunoreactive [L-]., IL-2 and TNFa at the

preovulatory stage.

The following series of experiments examined the effects of cytokines on the

human ovary, where the human granulosa-lutein cell culture'was used as a model.

These cells were collected from follicular fluid obtained from women undergoing in

vitro fertilization procedures and cultured with or without conditioned media,

cytokines or human chorionic gonadotrophin (hCG) etc., up to 7 days before

supernatant measurement of progesterone, cAMP or prostaglandins (PGs).
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Lymphokine-rich conditioned media was prepared from cultured human

peripheral blood leukocytes (HPL-CM) or from the culture of a Gibbon T cell line

IudLA-144 (MLA,-CM). The influence of HPL-CM and MLA-CM1 stimulated by

mitogens on granulosa-luteal cell progesterone production was inhibitory. In

contrast, MIÁ.-CM1, without mitogen stimulation, stimulated basal progesterone

secretion. Human recombinantlL-Z (from O.26to 2600pmol/l) alone did not change

progesterone levels, compared to control values, after 24h of cell culture. However,

26,260 and 2600pmol IL-2 significantly inhibited progesterone secretion from cells

stimulated by 5iu hCG (p<0.0L). The enhanced progesterone levels stimulated by

forskolin were also significantly inhibited by 260pmol[L-2 (p=0.01). This effect was

not mediated through decreased cAMP, since the forskolin-enhanced cAMP level

was not influenced by IL-Z. Human recombinant (from 0.06 to 60pmol/1, equal to

0.0}t-1,pgl) IL-LP, with or without hCG, did not show any effect on progesterone

production during either 24 or 48h of cell culture. It is concluded that lL-2

significantly inhibits progesterone production stimulated by hCG in human

granulosa-luteal cells; IL-2 also had a marked inhibitory effect on forskolin-induced

progesterone release, but did not influence the increased cAMP level stimulated by

forskolin; the inhibitory influence of IL-2 on progesterone synthesis may be down

stream in the signal transduction pathway from cAMP activation and HPL-CM and

MLA-CM produced inhibitory and stimulatory effects, respectively, on both basal

and hCG-stimulated progesterone levels as well as on granulosa-luteal cell

proliferation. These activities cannot be completely attributed to IL-2, and other

mediators of leukocyte origin may therefore exist.

Human recombinant TNFa (from 6 to 6000pmol/l) showed a dose-

dependantly stimulated proliferation of cultured granulosa-lutein cells as measured by

incorporation of 3g-thymidine, but did not have any effect on the basal level of hCG

stimulated progesterone accumulation during culture periods of up to 72h in either

serum containing or serum-free medium. However, the accumulation of both PGEZ
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and PGF2ø was dose-dependantly increased by TNFa during a 48h incubation

period. Time course studies revealed that maximal levels of both PGEZ and PGF2¿

were reached within I2h of culture. It is concluded that TNFa may have a

physiological role in stimulating proliferation of follicular cells and PG production at

the time of ovulation and formation of the corpus luteum.

The cellular composition in primary culture of human glanulosa-lutein cells

with or without IL-Z and TNFa \¡/as examined by immunocytochemistry with

monoclonal or polyclonal antibodies. Cells collected from follicular fluid were

washed and separated by a Percoll gradient followed by nylon mesh filtration to

obtain single cells. Cultures \ryere performed in glass-slide chambers for periods up to

144h. After 48h of culture the majority of the cells were shown to be granulosa-

lutein cells exhibiting positive staining against 3B-hydroxysteroid dehydrogenase

(38-HSD), oestradiol and vimentin. About 357o of the total cell population stained

positive with monoclonal antibodies against specific antigen sites on cells of bone

marrow lineage. The majority of these cells were leukocyte common antigen (LCA)

positive (about 207o of the total population). In the group of LCA positive cells, the

major cellular components were lymphocytes (3¡4 helper T-cells andLl4 cytotoxic T

cells) > natural killer (NK) cells. Most of the T-lymphocytes were activated as

judged by expression of theIL-2 receptor. There were also a considerable number of

monocytes/macrophages (about l57o of. the total cell population). After 48h in

culture, the cytokineslL-2 (2600pmol) and TNFa (6000pmol) significantly (p<0.05)

reduced the proportion of granulosa-lutein cells and in a dose-dependent manner

(IL-z from 26 to 2600pmol/l and TNFø from 60 to 6000pmol/l) increased the

proportion of LCA positive cells and monocytes. At the end of I44h of culture, LCA

positive cells and monocytes were to be found, but with decreasing numbers. These

results indicate that white blood cells are present in primary cultures of human

granulosa-lutein cells. The main target for the proliferative effects of IL-2 and TNFa

in this culture system during the period of 48h seems to be the leukocytes rather than
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the steroid-producing cells. Thus, any observed effects by added cytokines in this

culture system may be due to a direct or indirect effect from cytokine-activated

resident leukocytes on granulosa-lutein cells.
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CHAPTERONE

LITERATURE REVIEW

1.1 Introduction

The control of ovarian growth, development, maturity and performance of its

function has been traditionally considered under the regulation of the hypothalamic-

pituitary-ovarian axis. In the last few decades, evidence has accumulated to show an

important intra-ovarian regulatory activity by several substances including ovarian

steroids and a number of nonsteroid products (Hsueh et a|,1984). The role of the

immune system in the regulation of ovarian function has also been of interest. Intact

thymic function during the pre- or postnatal stage is essential to maintain normal

ovarian differentiation throughout the life of a mouse, as indicated by abnormal

ovarian morphology and infertility observed in congenitally athymic or post-

thymectomy mice (Shire and Pantelouris, 1974; Allen et al,1984; Scalzo and Michael,

1988). Ovarian function is restored and the abnormal morphological changes are

prevented in the neonatally thymectomized or congenitally athymic mice who were

treated postnatally by the grafting of spleen lymph nodes, or thymic tissue (Sakakura

and Nishizuka, 1972; Shire and Pantelouris, 1974; Rebar et al, 1979). Aberation of

ovarian function related to abnormal immune function is also seen in other species.

Thus, induction of lymphopenia in cattle causes luteal dysfunction (Alila and Hansel,

1984) and a selective defect of T lymphocytes is also found in many patients with

primary or premature ovarian failure (Mathur et al, L980; Ho et a/, 1988). These

studies may be one of the reasons leading to the investigation of relationships between

immune-cell derived cytokines and ovarian function carried out during the last five

years. Although studies in this area are very preliminary, Adashi (1989) has proposed

that cytokines may consist of a third kind regulator of ovarian function, at least, in

several animal species. The literature review in this thesis will discuss the following
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points: a brief overview of the immune system particularly of the cytokines, a review

of ovarian function and an introduction to investigations between immune cell-

derived cytokines and reproductive systems, in particular, the ovary.

1.2 Overview of the Immune System

1.2.1 rhe m4ior components and functions of the immune system

The immune system is very important in maintaining homeostasis and health.

The multiple functions of the immune system include recognition of self versus

nonself, elimination of foreign pathogens, neutralization of toxins and the killing of

tumour cells. The function of the immune system is based on its specialized cells and

molecules.

The cellular components of the immune system include lymphocytes,

macrophages and a series of related cells. The lymphocytes are classified into several

types. T (thymus-derived) lymphocytes are responsible for cell-mediated immune

reactions as well as for coordinating the functional activation of various other cell

types. B (bone marrow) lymphocytes are effector cells involved in the production and

secretion of antigen-specific immunoglobulin molecules (antibodies) that mediate

soluble immunity. Null lymphocytes (non-T, non-B, or "third population") include

two major cell types which are lymphocytes with antibody-dependent cytotoxic

capacity (ADCC) and natural killer (NK) activity. Macrophages originally derived

from bone marrow are phagocytic cells in tissues and in the circulation are called

monocytes. Macrophages play key roles in concentrating and presenting antigens to

lymphocytes and in antigen processing. Other cells related to the immune system are

the dendritic cells of the spleen, the epidermal Langerhans cells and specialized

epithelial cells, such as those found in the thymus, bone manow, and other lymphoid

tissues.
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The molecular components of the immune system are immunoglobulin (Ig)

molecules and the major histocompatibility complex (MHC). Ig molecules are the

products of antibody-secreting cells (B lymphocytes) and are the prototypes of the

large group of proteins that are members of the immunoglobulin supergene family.

These proteins include the T cell receptor and the associated CD3 proteins (the third

component of complement), MHC antigens, and a variety of other molecules (not

limited to the immune system) many of which are involved in the function of

recognition function. The MHC molecules are a group of membrane glycoproteins.

Class I MHC molecules are expressed on virtually all cells and class II MHC

molecules are found mainly on cells of the immune system including B cells,

macrophages, epidermal cells, I^angerhans' cells, dendritic cells, thymic epithelium,

and in the human, activated T cells. The MHC plays a central role in many aspects of

immunity both in encoding histocompatibility (or transplantation) antigens and in the

regulation of immune responses against conventional antigens.

1.2.2 Cvtokines

Cytokines represent a broad class of proteins and polypeptides that regulate

intercellular communication in both normal and pathophysiological conditions. The

nomination of cytokines covers the previous designation of interleukins (i.e., products

of white cells that affect the growth and differentiation of lymphoid or

myelomonocytes), monokines (i.e., products of mononuclear cells), lymphokines (i.e.,

products of lymphocytes), interferons, colony-stimulating factors, and a variety of

growth factors. Cytokines are produced throughout the body. In localized areas

cytokines can act on other types of cells in the immediate vicinity (exerting a paracrine

effect), or on the same cell that produces them (exerting an autocrine effect).

Cytokines that are produced in large amounts and gain access to the circulation act in a

hormonal fashion (exerting an endocrine effect) and have profound systemic effects

(Dinarello and Mier, 1987). Cytokines also include another group of polypeptide

growth factors and differentiation factors such as epidermal growth factor (EGF),
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nerve growth factor (NGF), platelet-derived growth factor (PDGF), transforming

growth factor ø and B (TGF-a and B), which will not be discussed in the present

study. Some characteristics of cytokines related to this thesis are listed in Table L.1.

1.2.2.1 Functions of macrophage-derived cytokines

Cytokines derived from macrophages include interleukin (IL) 1,, tumour

necrosis factor (TNF), IL-6 and interferons (IFNs). The general functions of these

cytokines are summarized in Table'J,.2.

1.2.2.2 Function of T lymphocyte-derived cytokines

Cytokines derived from T lymphocytes are IFNy, lL-z, IL-3, granulocyte

macrophage colony-stimulating factor (GM-CSÐ ,IL-4,IL-5, IL-6 and IL-7. The

general functions of these cytokines are summarized in Table 1.3.

1.3 Review of Ovarian Function

The ovaries have two primary functions: the production of female germ cells

(ova or oocytes) and the production of hormones and other secretory substances.

Ovarian functions are carried out by its basic and principal functional units, follicles

and the corpora lutea. The female germ cell develops inside the follicle and attains its

maximum potential - that of uniting with a male germ cell (spermatozoan), to produce

an embryo capable of developing and leading to the birth of a normal viable offspring.

Secretory substances including hormones produced by the follicle and corpus luteum

act on either the reproductive system or several other organs and systems by

endocrine, autocrine or paracrine mechanisms.
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Table 1.1 Cytokinesa

Name Molecular
Mass (Kdb¡

Amino
acids

Cell Source Target
cells
mass

(Kd)

Receptor
molecula¡

Interleukins

IL-la
andp

TL_z

TL_3

TL-4

IL-5

IL_6

FN-P

IFN-y

Others

GM-CSF

TNFa

777(ts2) BSC

MoMa, Ke, Ki-me,
Co-ep, Tc, la-gr,
As, En, I:n, Neu,
Mu, Many

Mo/l\{a, Tc,
Fi, En, Many

Mo

Tc, NKc.

Tc, Fi, En

Mo, Fi, T

Tc,Bc,Fi,
Ma, En, CNS,
Bo, Ca, many

Tc, Bc, NKc,
I-AK

BM, PreBc

aT, aB,
St, Mo^ía,
Mast

aB, Eo

Tc, Bc, Neu
Many

Bc.Tc.

Many

Many

Mo/Ma

MoMa, Eo, Neu
BM
Many

t7.5 271(ts9)c
26e(ts3)

15-77 153(133) Tc

?Ã-'2ß ts4734,
or 140)

153(729) Tc, Masl

50-60 134(11s)

212(184)'2Á

739?Ã

80

Tc

Tc

80

55,75

72.4

92.s

100-120

100-120

?5

Fi20

76-27

?Ã-?5

l7

a 189(166)

4188(16s)

187(166)

166(143)

144<12?)

233(7s7)

150

80

22

a. The references for this table are from Gillis, 1989; Durum and Oppenheim, 1989; Atai et ø1, 1990; Banks
et aI 1991.

b. Kd. Kilodaltons.
c. The numbers in parenthesis denote the number of amino acid residues of processed, mature cytokines.

aB: activated B cells; As: astrocytes; aT: activated T cells; Bc: B cells; BM: bone marrow cells; B:o bone; BSC:
bone manow stromal cells; Ca: Cartilage; CNS: Central nervous system; Co-ep: corneal epitheliuem; En:
endomethelial cells; Eo: eosinophils; Fi: fibroblast; Ke: keratinocytes; Ki-me: kidney mesangial cells; La-gr:
large granular lymphocytes LAK: lymphokine activated killer cells; Lan: Langerhan's cells; Ma: macrophages;
Many: many cell types; Mast: mast cells; Mo: rnonocytes; Mu: Smooth muscle cells; NKc: natural killer cells;
Neu: neutrophils; St: stromal cells; Tc: T cells.
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Table 1.2 Functions of macrophage-derived cytokines

Name of
Cytokine

General
Functions

Authors Year

IL-1

TNFa

TL-6

INFa,p

Induces secondary mediators:
PAF;
IL_6, TNF;
CSF;
IL-l itself

lncreases Tc IL-2R and
development and function of Bc
Stimulates activities of Ma,

APG and NKc

Kills cefain tumors and
tumor cell Iines
lnduces inflammatory events
Stimulates aT, Bc and
MHC class I and II antigens

Stimulates hybri
and plasmac growth
Stimulates hepalo and Bc
Resemble activities of
IL-l and TNFa

Antipro activities on
normal and lumor cell lypes
Antiviral activities
Promoles functions of APCs a¡rd Ma
Enhances NK activities of LGCL

Braquet and Pola
Durum ef al
Fibt¡e et al
Tafakovsþ øaf
Mannelet aI
Hoffrnan er al

Durum el ¿I

C,arswell er a/
Wanget aI
Dinarello et aI
Scheurich er øI
Kehrl et aI
Collirn er ¿l
Chang and [æe

Aarden et al
Van Damme ef ¿/
Gauldie et al
Rosenwaser ef al
Garman et aI

Chen and Najor
Yogal et al
Friedman
Chen and Najor
Ortaldo and
Herberman

7977
1985
1988
1986
1985
1987

1985

7975
1985
1986
7987
7987
1986
1986

1985
1987a.b.
1987
1979
1981

7987
1982
1988
1987

1986

Antipro: Antiproliferative; APCs: Antigen-presenring cells; aT: activated r cells; Bc:
B cells; csF: colony-stimulating Faoor; hepato: hepatocyte; hybri: hybridoma;
IL-2R: IL-2 receptor; LGCL: Large Granule containing Lymptrocyter; M", macrophages;
NKc: natural killer cells; PAF: Platelel Aclivafing Factor; Píasmac:'plasmacytoma; Tc: T cells.
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Table 1.3 General Functions of T Lymphocyte-derived Cytokines

Name of
Cytokine

General
Functions

Authors Year

IFNy

TL_2

GM-CSF

TL4

IL-5

TL_6

lL-7

Anti-viral activity
Activates Ma

Enhances the generation of cT
lnduces NKc activity
Generates ASPFc
Elevates NK responses of

animals
Eliminates tumor burden

in animals

Activates Ma
lncreases circulating numbers

of GN, esino and Ma

Proliferates activated Bc
lnduces Bc function
Activates Tc
Enhances the generation of

cells to kill tumor cells

Proliferate Bc and
Generates esino

See Table 1.2

Promotes growth of pre-Bc
and pre-Tc

Wheelock
Yuelrzier et al

Smith
Kuribayashi et a/
Robb er ¿/

Hefeneider et qI
Mule et aI
Rosenberg ef al

Grabstein e¡ ¿I
Herrma¡n ef ¿/
Riftin er a/

Kishimoto
Grabstein er ø/

Mule et al

Antma el al
War¡en and Moore
Sanderson ef a/

l-ee et al
Conlon et al

1965

19u

1980
1981

1881

t982
r985
1985

1986

1988
1988

1985
1987

1987

r987
1988

i988

1989

1989

ASPFc: antigen specific plague-forming cells; Bc: B cells; cT: cytotoxic T cells; esino: esinophils;
GN: granulocytes neutrophils; Ma: macrophages; NK: natural killer; NKc: natural killer cells; Tc: T cells.
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1.3.1 EvolutÍon of follicles and formation of corpus luteum

The evolution of the follicle involves several stages including growth,

development, maturity, ovulation or atresia. Follicular classification includes

primordial, primary þreantral), mature (antral or Graafian) and atresia follicles (Fig

1.1).

Primordial follicle. Primordial follicles consists of an ovum inconsistently

and incompletely surrounded by a single layer of flattened follicular cells which are

columnar in early life and cuboidal in the adult. About 400,000 primitive follicles

have been estimated to be present in the ovaries of a newborn infant. All together

some 400 eggs may actually reach maturity during the period of the active sexual life

of a woman. All of the others ultimately degenerate, and from birth on, the follicles

progressively diminish in number (Copenhav er, 1964).

Primary follicle. The first phase of follicular development is the transition to

a primary follicle. The granulosa layer proliferates to become a multiple (preantral)

cell layer surrounding an enlarged oocyte while mucopolysaccharide is secreted to

surround the oocyte and form the zona pellucida. Stromal fibroblasts adjacent to the

follicle become arranged in concentric layers to form the theca cell layer.

Mature (antral or Graafian) follicle. Continued granulosa cell proliferation

results in an enlarged follicle in which the granulosa cells are the largest components.

Within the granulosa layers follicular fluid collects, then coalesces to form the antrum,

the presence of which marks the transition to the mature (antral or Graafian) follicle.

As the antrum enlarges the granulosa cells adjacent to the basal lumina become

separated from those adjacent to the oocyte. These two complements of granulosa

cells become the membrane granulosum and the cumulus oophorus respectively.

Antrum formation in the granulosa layer is accompanied by the formation of the theca

interna in which thecal fibroblasts accumulate cytoplasm and exhibit cellular
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Atretic
follicle
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nterstitial
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Regressing

follicles
corpus
luteum
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Presenlation of follicle and corpus luteum development wilh the ovary (Reproduced
from Turner 1971 and obtained from Odell 1979).

Fig. 1.1
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organelles characteristic of steroid-secreting cells, and theca layer blood vessels and

lymphatics proliferate. The less closely associated theca cells retain their fibroblast

appearance to become the theca externa.

Ovulation. The maturing follicle is prepared for ovulation in which the oocyte

and cumulus oophorus are released.

Atresia. Follicles which do not mature to ovulation exhibit major changes in

all follicular components as atresia develops. There is degeneration of the oocyte,

eventual replacement of granulosa cells by fibroblasts and return of the theca cells to

the stromal fibroblasts and return of the theca cells to the stromal fibroblast-like

pattern.

Corpus luteum. The corpus luteum as a transient endocrine organ from cells

of the follicle forms following ovulation. During this stage, follicular cells exhibit

cytoplasmic lipid droplets, extensive smooth endoplasmic reticulum and free

ribosomes. Angiogenesis leads to penetration of the basal lamina and vascularization

of the granulosa cells, giving an intermingling of theca lutein cells, new blood vessels

and granulosa lutein cells. The corpus luteum will function for 10-12 days supported

mainly by the luteinizing hormone (LH) but if pregnancy has not occurred luteolysis is

inevitable with structural degeneration which is characterized as cells of corpus luteum

gradually decrease in size, show increasing vacuolization, and finally reabsorption.

The connective tissue between the luteal cells increases in amount and the whole

corpus luteum becomes progressively smaller (Tindall, 1987).
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1.3.2 Ovarian Secretory Products

1.3.2,1 Steroid Hormones

Ovarian steroids can be classified on the basis of their principal biological

function into one of the three major classes: oestrogens, progestins and androgens.

The biosynthetic pathways of these hormones are summarized in Fig1,.2.

1.3.2.1a Oestrogens

The oestrogens, oestrone and oestradiol-L7|, arc the most important of the

follicular steroids. Oestradiol is about 10 times as potent as oestrone in most

biological assays and, on a molar basis, is the most active of all steroids produced by

the ovary (Gore-I-angton and Armstrong, L988). Oestrogens are converted from the

androgen precursors, androstenedione and testosterone. Androgen conversion to

oestrogen involves reduction of carbon number (Cts - C1s) and further ring A

dehydrogenation. Both events occur during a series of enzyme regulated steps called

aromatization. They occur in the cytosol and require molecular oxygen and

nicotinamide adenine dinucleotide phosphate (NADH) cofactor (Fishman, 1982). The

participation of both cytochrome P-450 and nicotinamide adenine dinucleotide

phosphate (NADPH) - cytochrome C - reductase enzymes are required to maintain

the above irreversible reactions (Thompson and Siiteri, 1976). The conversion of

androstenedione to testosterone, or oestrone to oestradiol is mediated in the reversible

reaction by the enzyme L7B-hydroxy steroid dehydrogenase (Bjersing, L967 and

1977). This reaction is much more efficient in granulosa cells than in thecal cells

(Bjersing and Carstensen, 1967). Although theca cells may also aromatize androgens

and contribute directly to ovarian oestrogen secretion, evidence from both ín vivo and

in vitro studies indicates that the granulosa cells of large antral and preovulatory

follicles are the principal site in all species of ovarian aromatase activity and oestrogen

biosynthesis (Hillier, L98L; Hillier, et al; 1987). Oestrogens are inactivated by the

liver and their metabolites are excreted in the urine and faeces.
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L.3.2.1b Progestins

Pregnenolone is the most important progestin produced by the follicle because

of its key position as the precursor of all the steroid hormones. The most abundant C21

product in the follicle is progesterone, produced as a biosynthetic intermediate by

follicles at all growing stages of development and as a secretory end product in the

pre- and postovulatory (co¡pus luteum) periods (Zmigrod et al, L972;Karakawa et al,

t976; Tsuji er al, L982). The ovarian progesterone biosynthetic pathway involves

conversion of cholesterol to pregnenolone and then to progesterone.

Conversion of cholesterol to pregnenolone. Cholesterol derives from one of

three possible sources: (a) preformed cholesterol taken up from the blood, primarily in

the form of circulating lipoproteins; (b) preformed cholesterol stored within the

ovarian cell, a constituent of cell membranes and (c) cholesterol synthesized de novo

in the ovarian cell from C2 components derived from metabolism of carbohydrate, fat,

or protein within the cell (Strauss et al, I98I). The generation of pregnenolone (21

carbons) from cholesterol (27 carbons) proceeds by the elimination of a large portion

(6 carbons) of the cholesterol side chain. This step was thought to be the rate-limiting

step in progestin biosynthesis. This involves introduction of hydroxyl groups at Czo

and C22 and cleavage of the 20-22 bond. Both the hydroxylase and desmolase

reactions occur within mitochondria and require molecular 02, reduced NADPH, and

the mitochondrial cytochrome P450. LH accelerates the conversion of cholesterol to

pregnenolone in the ovary by generation of cyclic adenosine monophosphate (cAMP).

ConversÍon of pregnenolone to progesterone. This step proceeds by

oxidation of the hydroxyl group at the 3B-position (removal of hydrogen) and by an

isomerization reactions in which the double bond between C5 and C6 is shifted to the

4-5 position. These reactions are controlled by the enzyme 3B-hydroxy steroid

dehydrogenase and the As-¿ isomerase. Once formed, progesterone may undergo
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reversible enzymatic reactions (addition of hydrogen) to form L7a or 20rl

hydroxyprogesterone (Peters and McNatty, L981).

Granulosa cells are the main cellular source of progesterone. Progesterone is

rapidly metabolized by the liver and excreted by the urine.

1.3.2.1c Androgens

It has been recognized there are a series of androgens as either intermediate or

end products of steroidogenesis in human ovary. Ovarian interstitial cells located in

the loose connective tissue of both the cortex and medulla were thought to be

androgen producing cells. Androstenedione and testosterone are probably the most

important androgens produced by the ovary (Erickson et al,1985). Progestins can be

looked at as the precursors of androgens.

The conversion of progesterone to Âa-androstene-3, 17-dione is

accomplished by the introduction of a hydroxyl group at l7a-position by means of the

enzyme l7a-hydroxylase, reduction of the ketone at Qo, and subsequent cleavage of

the C17-C2p bond. The three carbon side chain is removed by this step, and the 19-

carbon, L7-ketosteroid androgen androstenedione is formed. Androstenedione can be

reduced reversibly to the L7B-hydroxyl steroid testosterone by the emyme L7B-

hydroxy steroid dehydrogenase. Another progestin, pregnenolone could be directly

converted to the Âs-3É-hydroxyl L9-carbon androgen dehydroepiandrosterone

(DIüA). This is accomplished by l7a-hydroxylation followed by desmolase

cleavage of the pregnenolone side chain. DIIEA is further converted to

androstenedione by means of the lB-ol-dehydrogenase Âs-a isomerease reaction.
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1.3.2.2 Nonsteroidal products

Ovarian nonsteroidal products include; 1) protein products; (including inhibin,

plasminogen activator, oocyte maturation inhibitor and relaxin); 2) prostaglandins; 3)

proteoglycans and 4) growth factors. The cell sources and main functions of ovarian

nonsteroidal products are listed in Table 1.4.

1.3.3 Receptors in the ovary

Receptors in the ovary permit ovarian cells to distinguish a specific hormone

or regulator message from the diversity of circulating signals that impinge on all cells

and to relay that information to sites within the cell to induce an appropriate response

involved in the differentiation of ovarian cells.

1.3.3.1 FSH receptor

Follicle stimulating hormone (FSH) receptors are present on the granulosa

cells from follicles of all sizes (Nimrod er aI,1976). The content of FSH receptor in

the granulosa cells is regulated by FSH itself. This regulation includes "up or down

regulation", that is FSH induces FSH receptors in immature glanulosa cells (White

and Ojeda, L98L), or inhibits FSH receptors when granulosa cells are continuously

exposed to FSH (Nimrod and I-amprecht, 1980; Knecht et al,1984). The number of

FSH receptors is also increased by oestrogens synergistically with FSH (Richards et

al, L976; Ireland and Richards, 1978a).

1.3.3.2 r H receptor

Luteinizing hormone (LH) receptors are present on the theca cells at all

follicular stages (Henderson et al, 1984; Channing and Kammerman, 1974) and on

granulosa cells of large preovulatory follicles (Amsterdam et aI, 1975). Studies in

vivo and in vitro have demonstrated that FSH is able to increase LH receptor numbers

in whole ovarian tissue, isolated follicular units, or cultured granulosa cells (Zeleznik

et al,1974; Richards et al,1976; Hillier et al,1978; Erickson et al,1979). The
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Table 1.4 Ovarian nonsteroid products

Name Cell Source Main function Author (year)

Inhibin granulosa

Plasminogen
activator (PA)

Proteoglycans

Prostaglandins
(PGs)

Relaxin

inhibits FSH secretion
modulates folliculo-
genesis

transforms plasminogen
to plasmin which dec¡eases
follicle wall strength
related to ovulation

interacts with gonadotropin
and regulates cell growth
and differentiation in ovary

same as IGF-I

Schwartz and Channing
1977; Findlay et al,I99l

granulosa

mcreases ln
intrafollicular
pressure

granulosa stimulates production of
PA and proteoglycans

pregnant corpus participates in the
luteum parturition

granulosa arrests development of
oocyte

Beer,1975

Jensen and Zachariae
1958; Zachanae, L959

Oocyte
maturation
inhibito¡ (OMD

Insulin-like
growth factor
(rGF-r)

Fibroblast
growth factor
(FGF)

Transforming
growth factor
(FcF)

Epidermal
growth factor
(EGF)

Strickland and Bear, L976
Wang and Leung, L982

Sherwood and Downing,
1983

Sato er al 1982
Tsafriri and Bar-Ami,
1982

Adashi et al,I989a

Baird et a,I1989

granulosa

granulosa

theca

theca/
interstitial

same as IGF-1

same as IGF-1

Skinner etal,L987

lobb et al,1989
Skinner et a,l1987
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augmentation of LH receptor content induced by FSH has been found in the

concomitant presence of oestrogen (Richards et al,1976), progestins, androgens (Rani

et a|,1981), insulin (Muy et aI, 1980), platelet-derived growth factor (Mondschein

and Schomberg, 1,981a) and LFV human chorionic gonadotrophin (hCG) itself (Ireland

and Richards, 1978b). In contrast, FSH action is inhibited by EGF (Mondschein and

Schomberg, 1981b; Knecht and Catt, 1983) and glucocorticoids (Erickson et al,1983).

Once the LH receptor is induced, the maintenance of the LH receptor of the granulosa

cells requires the presence of FSH and prolactin (PRL) (Casper and Erickson, 1981;

Richards, 1979).

1.3.3.3 PRL receptor

The PRL receptor is located in granulosa cells with minimal numbers at the

immature stage prior to priming with FSH (Wang et al,1979; Richards and Williams,

L976) and in increased numbers at both stages of large preantral follicles (Midgley,

1973; Rolland and Hammond, L975) and corpora lutea (Davis et a\,1980; Koppelman

and Dafau,1982; Ben-David and Schenker, 1982). The appearance and maintenance

of the PRL receptor requires the stimulation of FSH, LH or hCG (Navickis et al,

re82).

1.3.3.4 Steroid receptors

Oestrogen receptors (ER) have been identified in follicles and corpora lutea of

laboratory and domestic animals by classical radioligand binding techniques (Le,e et

aI, 1971,; Richards, 1975; Glass et al, 1984). Likewise, progesterone receptors (PR)

are detected in the cytosol of whole ovaries of rats (Schreiber and Hsueh, 1979) and

human (Jacobs et aI,1980). Specific androgen binding sites have been identified in

the cytoplasm of granulosa cells and translocated to the nuclei after androgen binding

(Hsueh, et al L984). These findings support the hypothesis that oestrogens and

progestins can act locally within the ovary through receptor mediated pathways.
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1.3.3.5 Growth factor receptors

IGF-1 receptors are detected in both thecal and granulosa cells of porcine

follicles (Hylka et al,1989; Caubo and Tonetta, L989). EGF receptors are also found

in granulosa cells and bovine corpora luteum of pregnancy. These findings suggest a

possible role of growth factors in ovarian cell differentiation (Jones et al, 1982;

Chegini et al,1989).

1.3.4 Regulation of ovarian function

1.3.4.1 Mechanisms of hormone action

Mechanisms of action of luteinizing hormone releasing hormone (LHRH)

and gonadotrophins. LHRH and gonadotrophins (LH, FSH, PRI and hCG) do not

enter the cell to stimulate physiological events but unite with the corresponding

receptors on the surface of the cell. Uniting with the receptor gonadotrophins activate

the adenylate cyclase enzyme within the membrane wall leading to the conversion of

adenosine S'-triphosphate (ATP) within the cell to cyclic adenosine monophosphate

(cAMP), the so called second messenger. The cAMP released is specifically bound to

a cytoplasmic receptor protein, and this cAMP receptor protein complex activates a

protein kinase. The later catalyses the phosphorylation of cellular proteins. The

physiological event follows this cAMP mediated energy producing event. cAMP is

then degraded by the enzyme phosphodiesterase to the inactive compound, S'-AMP.

Acute responses such as increased steroidogenesis do not operate through gene

transcription but rather through phosphorylation. Long term effects of these hormones

such as differentiation and growth do operate through nuclear activity, and cAMP may

exert an effect on ribonucleic acid (RNA) polymerase activity (transcription) as well

as on translation (Catt et al, L979, Pollet and Levey, 1980; Richardson et al, L984).

Mechanism of action of steroid hormones. The specificity of the reaction of

tissues to steroid hormone is due to the presence of steroid-specific intracellular

receptor protein. This mechanism includes 1) diffusion of hormone across the cell
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membrane; 2) transfer across the nuclear membrane to the nucleus and binding to

receptor protein; 3) interaction of a hormone receptor complex with nuclear

deoxyribonuclease (DNA); 4) synthesis of messenger RNA (mRNA); 5) transport of

the mRNA to the ribosomes; and finally 6) protein synthesis in the cytoplasm, which

results in specific cellular activity (Grody et al, t982).

1.3.4.2 Regulation of the follÍcular development and ovulation

The phase of follicular development may be summarized as the recruitment of

early primary (antral) follicle, selection of a dominant follicle, followed by preparation

for ovulation. Ovulation as the last step of follicular development has the

characteristics of follicular rupture and ovum expulsion. The regulation of follicular

development and ovulation is dependent on the control of the hypothalamic-pituitary-

ovarian axis (H-P-O axis) and ovarian paracrine function.

1.3.4.2a Hypothalamic-pituitary-ovarian (H-P-O) axis

Pulsatile stimulation of hypothalamic releasing hormone (LHRH) is essential

to stimulate the production of FSH and LH from pituitary gonadotropic cells. An

appropriate gonadotrophin stimulus is essential to full follicular development.

Moreover, ovarian feedback is a major determinant of the changes in gonadotrophin

secretion and much of this feedback acts at the level of the pituitary (Knobil et aI,

1980). Ovarian follicles are exposed to pulses of FSH and LH throughout the cycle

(with the exception of the mid cycle surge), and the FSH levels exceed those of LH.

In the follicular phase FSH secretion is influenced by both oestrogen negative

feedback and inhibin (Hsueh et al, 1987). After ovulation the combined negative

feedback of oestradiol and progesterone results in a low level of gonadotrophin output

in which pulse frequency and amplitude are reduced (Yen ef al, L972). As the

dominant follicle approaches ovulation the sustained high oestradiol levels produce an

accumulation of LH at the gonadotrope cells and increase gonadotrope sensitivity to

LHRH (Yen and I.ei,1976). As the follicle approaches maturity there is a detectable
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rise in circulating progesterone and L7ø hydroxy progesterone, closely associated with

the start of the massive release of gonadotrophin (Hoff et aI, 1983) and which may

further sensitize the gonadotrope cells to facilitate the LH surge (Chang and Jaffe,

1e78).

1,3.4.2b Intraovarian paracrÍne regulation

The similarity betrveen the processes of ovulation and the inflammatory

response has been related by Espey in 1980. Both events involve release of

proteolytic enzymes and prostaglandins, hyperaemia, increased capillary permeability

and fibroblast proliferation.

Proteolytic enzymes. The influence of proteolytic digestion of the follicle

wall and the action of histamine and prostaglandins (PGs) induces the formation of the

raised hyperaemic stigma preceding follicle rupture. Follicular fluid contains a variety

of proteolytic enzyme activators and inhibitors (Reichert, 1962; Espey and Rondell,

1967). The principal activity of these factors is to stimulate plasminogen activator

(PA) secretion by granulosa cells, mediated by relaxin and PGs at the gonadotrophin

surge (Canipari and Strickland, 1986). The PA converts blood borne plasminogen to

plasmin which digests the follicle wall (Espey and Lipner, 1965) and activates latent

collagenase secreted by fibroblasts (Espey, I97I) and granulosa cells (Too et al,

1984). The activated collagenase achieves a dissociation of the collagen of the follicle

wall, thus permitting considerable thinning of the follicular apex leading to ovulation

(Espey, 1967).

Prostaglandins. The gonadotrophin stimulation of the theca and granulosa

cells result in considerable stimulation of PGE2 and PGF2g biosynthesis in the

preovulatory follicle (Plunkett et al, 1975). The principal effects of the increased

prostaglandin activity are on proteolytic enzyme activation (predominantly PGE2),

smooth muscle contraction (predominantly PGFZa) and periovulatory vascular
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changes (predominantly prostacyclin), (Koos and Clark, 1982)

Relaxin. Relaxin is found in the follicular fluid (Bryant-Greenwood, 1982).

The suggested role for relaxin is the stimulation release of the proteolytic enzymes,

plasminogen activator, collagenase and proteoglycanase, by the granulosa cell layer

(Too er aI,1984).

1.3.4.3 Regulation of steroidogenesis

1.3.4.3a FSH

FSH responsive cells consist exclusively of granulosa cells, which only acquire

the ability to respond to LH later in the follicular maturation. The steroidogenic

pathways in the granulosa cells are organized principally for the metabolism of C1e-

steroids (i.e. androgen) to estrogens and for the de novo synthesis of progesterone and

its C2l metabolites.

Effects on oestrogen biosynthesis. The regulation of androgen aromatization

and, in turn, oestrogen biosynthesis in granulosa cells appears to be by the action of

FSH, which induces its receptor (Hillier et aI, 1981); stimulates the activities of

aromatase cytochrome P450 (Mendelson et aL,1985) and NADPH-cytochrome P450

reductase (Durham et al, L985) and requires RNA and protein synthesis for expressing

its action (Wang et al,I982a).

In addition to this action of FSH to induce aromatase enzyme in granulosa

cells, oestrogen biosynthesis requires the co-operation of the theca cells in supptying

the oestrogen substrates for aromatization. This important aspect has led to the

formation of a modern two cell-type, two gonadotrophin theory in which theca interna

cells (and perhaps also interstitial cells) are stimulated by LH to produce androgens,

which in turn transverse the follicular basement membrane to be utilized for oestrogen

biosynthesis in an FSH- stimulated reaction within the granulosa cells (Gore-Iangton
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and Armstrong, 1988)

Effects on progestin biosynthesis. The production of progesterone and its

metabolites (i.e. progestins) is one of the major biosynthetic activities of granulosa

cells in large antral and preovulatory follicles. Progesterone biosynthesis occurs in

gtanulosa cells initially in response to FSH stimulation, but this action is later

augmented by LH after its receptor has differentiated (Gore-I^angton and Armstrong,

1988). In culture, FSH stimulates progesterone biosynthesis in undifferentiated

granulosa cells from immature rats (Nimrod, L977; Donington and Armstrong, L979)

and granulosa cells from human (Moon et al, 1978) and porcine (Veldhuis et al,

1982). FSH influence on progestin biosynthesis is related to the following steps;

increasing LH receptor formation (7-eleznik et aI, L974; Richards et ø1, 1976) and

increasing the activities of cholesterol side chain cleavage (Jones and Hsueh, 1982),

¡S-3B-hydroxysteroid dehydrogenase (Tnlezniket al, L974) and2}a-hydroxysteroid

dehydrogenase (Jones and Hsueh, 1981").

1.3.4.3b LII
LH responsive secretory cells comprise theca interna cells of the follicular

envelope and the interstitial cells of the ovarian stroma. Granulosa cells, from mature

follicles develop the ability to respond to LH. The most abundant steroid products of

mature theca cells of all species are C1e- compounds, including the 4-ene-3þ-

hydroxysteroids and S-reduced androgens, which are produced from the catabolism of

cholesterol. LH action via specific receptors present on the theca cells at all follicular

stages (Uilenbroek and van der Linden, 1983; Henderson et al,1984) and consequent

production of cAMP (Weiss et al, L978; Tsang et aI, 1979), provides the principal

stimulus for steroidogenic activities.

Effects on androgen biosynthesis. LH apparently increases the thecal

activities of L7a-hydroxylase, C-n, zo-lyase in ovaries or follicles of rats (Fukuda er
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al, L979; Aono et al, L981,; Bogovich and Richards, L982) and hamster (Makris and

Ryan, 1980). These enzyme activities are rate-limiting and appear to be the site at

which LH stimulates C1e-steroid production by theca cells, as follicles progress from

small antral stages to early preovulatory follicles in the rat (Bogovich and Richards,

1982) and where ovarian androgen production is substantially restricted in late

preovulatory follicles (Lieberman et al, 1975). Androgens induced by LH, as the

precursor of oestrogens, further participate in the oestrogen biosythetic pathway as

described by the two-cell-type, two gonadotrophin theory (see 1.3.4.3a).

Effects on progestin biosynthesis. Progestin (progesterone or pregnenolone)

accumulation is stimulated by hCG or LH in theca cells, interstitial cells, (Magoffin

and Erickson, 1982a), mature granulosa cells from antral follicles (Hillier et aI,1987;

Wang et al,l98I) and corpus luteum (Schomberg et al, L967). Consistent with the

LH stimulation of progestin production, LH is found to stimulate the activities of

steroidogenic enzymes, which are the rate limiting 3-hydroxy-3-methylglutaryl

coenzyme A reductase (Schuler et al, L981-), cholesterol esterase (Behrman and

Armstrong, 1969; Caffrey et ø1, 1979), cholesterol side-chain cleavage and 3B-

hydroxysteroid dehydrogenase (Rubin et al,1963; Boyd et al,1975; Madej, 1980).

1.3.4.3c PRL

The regulatory actions of PRL on steroidogenesis are both luteotrophic and

luteolytic. Luteotrophic action known particularly in rodents is involved in initiating

luteinization of granulosa cells, in maintaining their level of progesterone synthesis as

luteal cells and in inhibiting the activity of the progesterone catabolizing et:zyme,

ZDa-hydroxy steroid dehydrogenase (Crisp, 1977; Rothchild, 1981). pRL also

enhances progesterone production in cultured granulosa cells obtained from

preovulatory rat follicles (Crisp, 1977) and porcine follicles (Veldhuis et al, 1980).

There is also evidence for a role of PRL in induction and maintenance of LH receptors

on luteal cells at late gestational stages in the rat (Gibori and Richards, L978).
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In contrast to luteotrophic roles, PRL may also act as a luteolytic agent in the

rat (Wang et aI, L980; Wang and Chan, 1982), porcine (Veldhuis et al, 1980) and

human (Demura et al,1982), by inhibiting productions of progesterone, estrogen and

androgen from granulosa cell culture or perfused ovaries. The site of luteotytic action

of PRL appears to be distal to adenylate cyclase, as PRL also inhibited the stimulatory

action of cAMP. The inhibitory effect of PRL on rat follicle aromatase activity has

also been demonstrated by in vivo exposure of intact rats to the hormone (Tsai-Monis

et al,L983).

1.3.4.3d Ovarian steroids

Steroids appear to have a direct function in the intraovarian regulation of

ovarian steroidogenesis in addition to their feedback effects on the H-P-O axis.

Oestrogens. Studies in vivo or in vitro have demonstrated that oestrogen

suppresses androgen production from the ovaries (Leung et al, 1978; Iæung and

Armstrong,I9T9). This inhibitory effect acts directly on the theca cells (Iæung and

Armstrong, L980; Hunter and Armstrong, 1986) and is independent of the regulation

of gonadotrophin (Iæung et al,1978) and cAMP (Iæung and Armstrcng,1979). All

investigations showed that oestrogen inhibits ovarian androgen synthesis probably at

the enzymatic steps in the steroidogenic pathway between androgens and their C21

precursors. Some important activities of enzymes, l7a-hydroxylase, C-I7,2O-lyase

(Magoffin and Erickson, 1981, I982b) and 5ø reductase (Eckstein and Nimrod,1977)

in the androgen metabolism are reduced by oestrogens.

Ovarian oestrogen production is enhanced by oestrogens through direct actions

on granulosa cells (Engels et al, 1968; zhuang et al, L982; Adashi and Hsueh, 1982;

Welsh et al, L984). This stimulatory effect is correlated to receptor binding affinity

and not accounted for by increased granulosa cell viability or protein mass (Adashi
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and Hsueh,1982). It is therefore estimated that oestrogens may function within the

ovary or individual follicles as end product amplifiers to enhance FSH induced

aromatase (Gore-I^angton and Armstrong, L988).

Oestrogens decrease progesterone secretion in granulosa cells or large follicles

(Thanki and Channing, L978; Fortune and Hansel, L979; Adashi and Hsueh, r9B2).

This action appeats to limit the conversion of pregnenolone to progesterone, resulting

in enhanced pregnenolone accumulation in culture and increased cholesterol side-

chain cleavage activity (Toaff et al,1983; Veldhuis, 1985) and mitochondrial content

of P-450 (Toaff et al, 1983). Stimulatory effects of oestrogens on progesterone

secretion were observed in long term culture of porcine granulosa cells which were

from small but not large follicles. This effect was found to be due to increased

activities of Âs-3É-hydroxysteroid dehydrogenase, Ås-a-isomerase, and cholesterol

side chain cleavage and hydrolysis of endogenous cholesterol esters (Veldhuis, 1985)

Androgens. Androgens have been shown to enhance basal or FSH stimulated

progesterone biosynthesis by intact follicles, granulosa cells and thecal tissue ín vitro

(Shemesh and Ailenbery 1977; Hillier et al, L977; Batta et al, 1980; Bieszczad et aI,

1982; Welsh et aI,1982). This action occurs at both pre- and post- cAMP sites in rat

granulosa cell culture. Androstenedione enhances stimulation of progestin production

by the cAMP analog dibutryl cAMP (Nimrod, L977), FSH-responsiveness, as

measured by the FSH stimulation of cAMP production (Goff et al, L979; Hiltier and

deZwaÍ, 1982; Daniel and Armstrong, L984¡, ¡l25t, FSH binding (Knecht et ø1,

1984) while suppressing cAMP metabolism (Hilter and deZwart,1982). Androgens

and FSH act synergistically to enhance lipoprotein utilization (Schrieber et al,1983).

Both FSH and testosterone independently enhance conversion of cholesterol to

pregnenolone, indicating a stimulatory action on cholesterol side chain cleavage.

Combined treatment results in synergism (Nimrod, 1981; Jones and Hsueh, I9B2

Welsh et al,1982). In contrast to the studies using rat tissue, aromatizable androgens
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have a negative influence on progesterone production by human granulosa cells (Batta

et al, 1980) and on FSH stimulated progesterone accumulation by granulosa cells

isolated from porcine ovaries (Lischinsky et ø1,1983; Evans et a|,1984). This action

apPears to be due to restricted conversion of pregnenolone to progesterone through

induction of Ls4l-hydroxysteroid dehydrogenase: L5-4 isomerase activity (Tan

and Armstrong, L984).

Androgens have a regulatory role in ovarian oestrogen secretion. They act as

substrates for FSH stimulated aromatase and enhance FSH induction of enzyme

activity (Daniel and Armstrong, L980). They influence granulosa cell aromatase

activity by acting at a site before cAMP production. Since androgens have no effect

on cAMP-induced oestrogen synthesis, they appear to enhance the responsiveness of

cultured granulosa cells to FSH by the production of cAMP, as well as in stimulating

cellular ¡I25¡1FSH binding (Daniel and Armstrong, 1984).

Progestins. In rat glanulosa cell culture, progestins (progesterone or R5020)

increase FSH stimulated production of cAMP (Goff et al, L979), progesterone 20a-

dihydroprogesterone, pregnenolone and LH stimulated progesterone secretion (Fanjul

et al, 1983). In contrast to the effect on progestin synthesis, progestins (progesterone,

2Oa-dihydroprogesterone or R5020) reduce FSH enhanced oestrogen secretion and

aromatase activity (Schreiber et aI,1980; 1981).
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1.3.4.3e Regulatory peptides

In recent years, the interest in the intraovarian regulation of steroidogenesis has

greatly increased because of the discovery of groups of regulating peptides which may

have independent roles in or may modify the effects of gonadotrophins on follicular

differentiation. They include 1-) growth factors, IGF-I, FGF, TGFa and B, and

platelet-derived growth factor (PDGF); 2) Inhibin and related peptides; and 3)

Cytokines (see 1.5). Their ovarian function, in particular in the regulation of

steroidogenesis will be discussed in brief as follows:

IGF-I. Higher levels of IGF-I gene expression have been found in adult rat

ovary compared to other tissues (Hamond et al,l98l) and are located in the granulosa

cells (Adashi eú ø1, L989a). IGF-I binding is also confirmed to be present on FSH

primed rat granulosa cells (Adashi et al,I988a). This binding can be upregulated by

FSH and LH (Adashi et a|,1986; 1988b). In addition to the biological roles of IGF-I

in augmentation of differentiation of the developing granulosa cells and FSH

supported proteoglycan biosynthesis (Adashi et al, 1985), IGF-I is capable of

increasing FSH supported biosynthesis of progesterone, oestrogen (Adashi et al, L985)

and inhibin (Zhang et al,1987) as well as FSH mediated acquisition of LH receptors

(Adashi et al,1985). In the theca-interstitial cells, IGF-I increases ovarian androgen

biosynthesis (Hernandez et aI, 1988) which may provide the substrate for the

aromatizing process and further promote oestrogen biosynthesis in the granulosa cells.

FGF. Basic FGF is present in ovarian tissue. Granulosa cells and possibly

luteal cells are among the cell types producing FGF in ovarian tissue (Neufeld er ø/,

1987) while the receptors for FGF are also identified on rat granulosa cells (Neufeld

and Gospodarowicz, 1,985; Moscatelli, 1987). In granulosa cells, the capacity of basic

FGF is to modify (by mainly inhibiting) aromatase activity (Baird et al, L989).

TGFÉ. The bioactivity of TGFB, with a molecular weight of approximately
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25,000 Da has been observed in conditioned medium of bovine thecal cell culture.

The bioactivities of TGFP showed an inhibitory effect on [3U] thymidine

incorporation into bovine granulosa cell DNA in the presence of FSH and a

stimulatory effect on FSH-induced aromatase activity (Lobb and Dorrington, 1989).

EGF. High-affinity, low capacity EGF receptors have been found on rat

granulosa cells (Jones et al, 1982). EGF inhibits FSH-stimulated oestrogen

biosynthesis (i."., aromatase activity), augments FSH-stimulated progestin

biosynthesis and independently stimulates production of pregnenolone, progesterone,

and2Da-dihydroprogesterone (Hsueh et aI,l98l; Jones, et al,1982).

PDGF. PDGF is derived from the platelet during clot formation (Ross and

Vogel, 1978) and increases FSH-stimulated progestin production, which may involve

an enhanced sensitivity to FSH and cAMP (Knecht and Catt, 1983).

Inhibin. Inhibin, a glycoprotein, has been purified from the ovary of seve¡al

species (Ling et al,1985; Miyamoto et a\,1985) including human (Robertson er ø/,

1990) and is found mainly to be derived from granulosa cells (de Jong and Sharpe,

1976). The amino acid and nucleotide sequence of inhibin subunits have been

identified (Mason et al, 1,985; Forage et al, 1986). In addition to the negative

regulatory effect on pituitary FSH secretion, inhibin has significantly stimulatory

effects on LH-induced androgen production from theca cells (Hillier et aI,I99I).
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1.4 Cytokines and the Reproductive System

1.4.1 Cytokines and endometrium-decidua and placenta

The realization that cytokines are produced by, and may play a number of roles

in human endometrium-decidua and placenta has been one of the exciting advances in

the physiology of maternal immunological recognition of the developing fetal

semiallograft in the last decade. The interaction between leukocytes and sunounding

tissues is a model for the role of these cells in the endometrium-decidua and placenta.

l.4.l.l t'ukocytesubpopulationinendometrium-deciduaandplacenta

The presence of leukocytes with the capacity to produce cytokines in

endometrium-decidua and placenta provides the basic evidence to further investigate

the physiological significance of cytokines in this area.

The macrophage is the major cellular component of the leukocyte population

in the human endometrium (Bulmer and Ritson, L988). The number of macrophages

increase markedly in the secretory phase of the menstrual cycle (Tabibzadeh, 1990).

These cells are scattered throughout the gestational endometrium and aggregate

around the spiral arteries, which are adjacent to the endometrial glands (Bulmer and

Johnson, 1984) and have been observed in association with extravillous trophoblasts

in the decidual basalis (Bulmer and Ritson, 1988). Many macrophages in normal

uteroplacental tissues are in an activated state as suggested by their expression of class

II major histocompatibility antigen (Hunt, 1989).

There are also large granular lymphocytes in the human endometrium. These effector

cells have an unusual antigenic phenotype (CD 56 positive) and possess natural killer

activity. They are prominent in late secretory endometrium (Tabibzadeh, L990) and

first trimester decidua (Bulmer and Sunderland, 1984; King er al, L989).
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The presence and activation of T lymphocytes have been observed in human

endometrium (Tabibzadeh, L990). The T cytotoxic suppressor (T c/s) cell is the main

component of the T cell population inside the human endometrium. The number of T

c/s cells increases during ovulation and the late luteal phase, as compared to the early

luteal phase (Bohme and Donat, 1989).

Human early pregnancy decidua also contains NK cells with a high affinity to the IL-

2 receptor. These cells express an early activation antigen, CD69, in vivo (Nishikawa

et al,I99I). Approximately 757o of the decidual cells of early pregnancy are derived

from bone malrow (457o large granular lymphocytes; L97o macrophages; 87o T cells)

(Starkey et aI, 1988). These cells with an immunological capacity may limit

trophoblastic invasion by cytotoxic activity.

1.4.1.2 Cytokine production from endometrium-decidua and placenta

Cytokines, lL-1,a, B, TNFa and lL-2-like material, have been detected in

human amniotic fluid, even though the original tissue sources of these cytokines could

be from the decidua, placenta or fetus (Soubiran et al, 1987; Tamatani et aI, 1988;

Jäättelä et aL,1988). Placental phagocytes spontaneously produce IL-1 and can be

stimulated to release greater quantities of IL-1 (Flynn et al, 1982). Stimulated

decidual lymphocytes produce more GM-CSF than stimulated peripheral lymphocytes

(Dudley et al, L990). IL-6 production has been found in decidual tissue explants in

response to bacterial endotoxin (Romero et ø1,1990).

Immune cells are not the only cytokine producing cells inside decidual and

placental tissue, as epithelial and decidual cells also produce cytokines. The

expression of cytokines IFN-a, GM-CSR IL-1,a and TNFa in Hofbauer cells were

found in first, second, and third trimesters in human placenta (Berkowitz et al,I99O).

Using immunohistochemical analysis, IL-6 has been located in syncytiotrophoblasts

rather than in cytotrophoblasts of human placenta (Kameda et al, L99O). Molecular
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biological studies have showed that mRNAs encoding IL-L, TNF, GM-GSF and

colony- stimulating factor 1 (CSF-l) were detected in murine placenta (Azoulay et aI,

1987;crainie etal,1990;Yelavarthietal,lggl). ThenRNAof theIL-l, rL-2gene,

cDNA of GM-CSF receptor, mRNAs of macrophage-colony stimulating factor (M-

CSF) and its receptor were all isolated from human placenta (Boehm et al, 1989;

Gearing et al,1989; Kauma et al, t990; Saji er al,1990).

1.4.1.3 Fffects of cytokines on endometrium-decidua and placenta

Although immune cells have been identified, along with the expression of

cytokines in endometrium-decidua and placenta, the function of cytokines in this area

is poorly understood.

Synthesis and secretion of cytokines from endometrium-decidua and placenta

can be regulated by the cytokine itself. Incubated with PFIA or IL-2, human placental

cells synthesized significant quantities of IFN-1 which, in turn, develop considerable

lymphocyte-activated killer (I-AK cell) cytotoxicity on placental cells (Chin et aI,

1988). This suggests that placental cells may have a primary role in fetal defence.

Endometrial stromal cells respond to the actions of IL-1 and TNFa These cells

synthesize both IL-L and IL-6 after stimulation by the addition of IL-L and TNFa

(Semer et aI,l99l). The possibility exists that the synthesis and action of cytokines

may be involved in the mechanisms that serve to regulate the mesenchymal-epithelial

interactions between endometrial stromal and glandular components, and the

formation and action of cytokines in decidua may serve to modulate immunological

and infectious challenges encountered by this tissue in pregnancy.

Cytokines may play a role in the regulation of maternal secretion and human

embryonic signals which facilitate the successful establishment of pregnancy.

Endometrial glandular epithelial cells cultured with IL-la consistently secrete

increasing levels of PGE} (Tabibzadeh et a\,1990a) which induces vascular changes,



32

stromal oedema and the decidual cell reaction in the mouse (Kennedy, 1987). It-L

regulates PGEZ synthesis by binding to a receptor which has been found to have a

high affinity for IL-L on the membranes prepared from human endometrial epithelium

(Tabibzadeh et aL,19904). Accordingly, PGE2 secretion by first trimester in human

decidual cells blocks the activation of maternal leukocytes in the decidua and potential

anti-trophoblast killer function by, inhibiting IL-2 receptor generation and IL-Z

production in situ (Parhar et aI, 1989). The series of reactions between IL-1 and

PGE2' or between PGEZ a¡d IL-Z as well as, IL-Z receptor may be very important

for embryo implantation and for protection of the feto-placental unit from rejection.

Trophoblast-derived IL-L and TNFa, dose-dependently stimulate hCG released from

trophoblasts. However, this effect is totally dependent on IL-6 and IL-6 receptor

since the stimulated trophoblasts release IL-6 prior to hCG release and PM1, a

monoclonal antibody specific for IL-6 receptor, has been shown to completely block

hcG release (Masuhfto et aI, r99r; Shimoya et aI, 1991). IL-6, derived from

trophoblast, stimulates hCG secretion by trophoblasts to a level similar to that

stimulated by GnRH analogue. The analogue, however, released hCG by an IL-6-

independent mechanism because PM1 failed to block GnRH-mediated responses,

suggesting the existence of two distinct regulatory pathways for hCG release (Nishino

et al, L990). IJ.,-1,P increases the release of CRF and ACTH from cultured placental

cells. This effect is associated with increased intracellular cyclic nucleotide

concentrations and is in part reversed by a prostaglandin synthesis inhibitor (Petraglia

et aI, L990). Another cytokine IFN-y inhibits the growth of an endometrial cell line in

a dose- and time-dependent manner (Tabibzadeh et aI, 1990b). G-CSF promotes

chorionic cell proliferation and has been effective in preventing abortion in the murine

model (Miyama et al,I99I).
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1.4.1.4 F'fÏects of endometrium-decidua and placenta on lymphocyte

proliferation

The activation of resting lymphocytes is critical to most immune responses

since cellular activation allows these cells to exert their regulatory or effector

activities. The activation of lymphocytes is a complex process which results in cell

growth and differentiation (Weiss, 1989). The observation on the effects of

endometrium-decidua and placenta on lymphocyte proliferation partly explains one of

the mechanisms of lymphocyte activation.

A common inhibitory effect on lymphocyte proliferation has been exerted by

placental secretory products such as PGE2, progesterone and oestradiol (Inw and

Hansen, L988), the cells of the human first trimester pregnancy endometrium

(Nakayama et al,1985), syncytiotrophoblast plasma membranes prepared from full-

term human placenta (Thibault et al, L99L), cultured human choriocarcinoma TEG-3

cells (Wolf et aI, 1983) and uromodulin, an 85 KDa glycoprotein isolated f¡om

pregnancy urine (Brown et aI,1986). The mechanism of the inhibitory effect is not

understood. However, PGE2-mediated immunosuppressor function of early

gestational human decidual cells is accomplished by an afferent blockade of the early

events in T lymphocyte activation which was confirmed by a down-regulation of IL-
2 receptor development on lymphocytes and an inhibition ofIL-2 production in mixed

lymphocyte culture (I^ala et al, t988). An opposite report described that both human

trophoblasts and their culture supernatants stimulate lymphocyte proliferation and

trophoblast culture supernatant inducing the expression of the IL-2 receptor on

lymphocytes. The proliferative effect can be suppressed by anti-human chorionic

gonadotrophin antibody (Yagel et al,1989). This data suggests that the trophoblast-

derived human chorionic gonadotrophin has a lymphocytotrophic function.
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1.4.2 Cytokines and the embryo

Human embryo-derived cytokines have been reported recently. IL-1, lL-6,

CSF and TNFa ate present in oocytes before fertilization and increase in quantity

from one to eight cell embryos (Zolti et aI, 1991), however inhibitory effects have

been observed on embryo growth. IL-1 and TNF significantly inhibited while CSF

and IFNa significantly arrested embryo development (Hill et al, L987a; Sueldo er ø/,

1eeO).

1.4.3 Cytokines and the uterine cervix

Uterine cervical explants in culture from pregnant rabbits at term

spontaneously synthesized and secreted three species of Il.-l-like factors in culture

medium. This was not observed with explants from nonpregnant cervices (Ito et aI,

1988). These factors might be involved in the cervical ripening and dilatation at term

by the mechanisms to accelerate the productions of both specific collagenase and

gelatinolytic metalloproteinase (Ito et al, L987).

1.5 Cytokines and the Ovary

1.5.1 Distribution and action of leukocyte subpopulations in the ovarf¡

To better understand the production and effects of immune cell derived

cytokines in the ovary and on ovarian function, it is important to firstly broaden our

understanding of the distribution and action of leukocyte subpopulations in the ovary.

1.5.1.1 Macrophages

Macrophages, as a predominant blood cell type in the ovary, have been

observed within the preantral follicle and different stages of the corpus luteum of

several species by light microscopy (rat: Bulmer, 1964; guinea pig: Paavola, 1979;

pig: Standaert et al, L99l; human: Gillim et ø1, 1969) and by immunocytochemical

studies (mouse: Kirsch et al,I98l; rabbit: Bagavandoss et a\,1990; human: Katabuchi
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et al, L989; Louikides et aI, L990;l-ei et al, I99L). In the human ovary, macrophages

are not found in the ovarian cortex and medulla at the resting stage of the ovarian

follicle. With the development of follicles a few macrophages appear in the stroma

(Katabuchi et al,1989). The number of macrophages increase in the preantral follicle,

and subsequently decrease in the developing and mature corpus luteum and then

increase again in the regressing co{pus luteum (Standaert et al, I99I; I-e,i et aI,l99L).

The presence of macrophages in the ovary has been primarily associated with the

heterophagy of dead or dying cells (Paavola, t979), and with tissue remodelling

(Anderson and Hill, 1988). Further investigation has shown the ovarian or peritoneal

macrophages significantly stimulate progesterone production and the effect is obtained

by the proximity of macrophages and luteal cells (Kirsch et aI, L98l). It is therefore

inferred that the increasing number of macrophages with development of the follicle

and regressing corpus luteum may have certain roles in follicle development, ovulation

and luteolysis.

1.5.1.2 Lymohocytes

Lymphocytes have also been observed in human follicular fluid collected from

IVF cycles (Hill er aI, I987b; Droesch et al, 1988; Castilla et a\,1990) and rabbit

corpus luteum (Bagavandoss ef aI, 1990). Compared to the ratio of Tqffg cells in

peripheral blood, follicles contain more T+ (helper/inducer) than Tg cells

(suppressor/cytotoxic). The mean concentrations of T4 and Tg lymphocytes decrease

with increased oocyte maturation (Droesch et ø/, 1988). The Tg population in

peripheral blood contains oestradiol receptors but the T4 population do not (Cohen er

al, t983) indicating that the increased level of oestradiol in the mature follicles may

alter Tg cell number. The number of T cells in the corpus luteum remains consistent

between different days of rabbit pseudopregnancy, pregnancy and post-partum

(Bagavandoss et al, I99O). While there is no information on T cells in the corpus

luteum of women, the populations of peripheral blood lymphocyte subtypes do not

vary during the menstrual cycle (Eichler and Keiling, 1988). Peripheral blood
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lymphocytes co-cultured with human granulosa cells have been reported to have a

significantly stimulatory effect on the basal, and hCG induced progesterone

production (Emi er al, L99I).

1.5.1.3 Other leukocytes

Mast cells have been located in the ovaries of several species (rat: Jones et al,

1980; hamster: Krishna and Terranova, 1-985; bovine: Cupps et al,1959; man, rhesus

monkey, pig and mouse: Krishna et aI,1989). The distribution of mast cells is in the

stromal, hilar, luteal and external thecal regions of the human ovary (Jaiswal et al,

1987). Histamine, the impofant product of mast cells, participates in the regulation of

LH-influenced capillary permeability and blood flow in the ovary (Varga et al,1967;

Lipner, l97l; Piacsek and Huth, I97I) while stimulating ovarian contractility

(wallach et aI, 1978), ovulation (Schmidt et aI, 1986, 1988) and follicular

progesterone secretion (Schmidt et al, t987) in vitro.

Eosinophils have their classical roles in allergic inflammation and in the

defense of the host against parasitic infection (Gleich and Adolphson, 1986).

Eosinophils infiltrate the ovaries of sheep in a cyclic fashion. Preovulatory follicles

and regressing corpora lutea secrete leukotactic substances quite adept at attracting

eosinophils (Murdoch L987; Cavender and Murdoch, L988; Murdoch and McCormick,

1989). However, the role played by eosinophils in the mechanisms of ovulation and

luteal regression is unclear since drug þrednisolone) induced ovarian eosinopenia

could not block the follicular rupture or effect the ability of PGFZa, which caused

luteolysis in sheep (Murdoch and Steadman, 1991).



37

1.5.2 Expression and Action of Cytokines in Ovary

1.5.2.1 IL-1

L-l-like activity was first reported in porcine and human follicular

fluid in 1989 (Takakura et aI,1989). The expression of both IL-1a and IL-1B and

type I IL-l- receptor gene was also found in human preovulatory follicular aspirates

and whole ovarian tissue by solution hybridization/RNase protection assay (Hurutitz et

al,l99L). This study provides very important evidence to support the possibility that

IL-L acts on the ovary via a paracrine mechanism, firstly by the local production of

IL-1 and secondly by ovarian reception, as demonstrated by the existence of IL-1

receptor. However, the precise cellular origin of IL-1 remains unknown despite

depletion of macrophages from the tested cell samples in this study because

macrophages are not the only source of IL-1. IL-1 has been reported to be secreted

also by epithelial, fibroblasts, and endotheliat cells (Kupper, 1991) which are present

in the ovary.

At the preantral follicle stage, IL-L has been observed to suppress the

steroidogenic function of cultured murine and porcine granulosa cells which were in a

undifferentiated state (Gottschall et al, L987; Kasson and Gorospe, L989; Fukuoka eú

al 1989; Zhou and Galway, 1991). These findings suggest that the effect of IL-1 on

undifferentiated granulosa cells is antigonadotrophic. The mechanism may involve

the reduction of binding capacity of the LH receptor and the inhibition of cAMp

accumulation by the sites of action both proximal and distal to cAMP generation

(Gottschall et al, 1988a; Fukuoka et al, L989; Yasuda et aI, 1990). At the

preovulatory follicle stage, progesterone and testosterone secretion from cultured

hamster thecal cells were significantly increased by IL-l in the presence of hCG

(Nakamura et øl,I99O). Furthermore, in response to IL-1-, fully differentiated, highly
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luteinized granulosa cells from hamster, bovine and human ovary show increased

production of PGs including PGE2, PGF1ø and pGyzrl and no change in

steroidogenesis (Polan et al,1988; Nakamura et al, 1990; Nothnick and pate, 1990).

Although the studies of IL-l- function in ovarian physiology are preliminary, the

above research suggests that IL-L, as a putative modualtor of gonadotrophins, could

be a suppressor of premature follicles and a promoter of mature follicles.

1.s.2.2 TNFa

There is conflicting evidence to support the ovarian origin of TNFa.

The identification of ovarian TNFa shows contradictory results by

immunocytochemistry. In the earlier reports, immunoreactive TNFa has been

demonstrated by polyclonal anti-TNFa antibody in the ovaries of several species

including rat, rabbit, cow and human and is mainly localized in the mature follicle and

the corpus luteum (Roby and Terranova, 1989, 1990; Bagavandoss et a|,1990). A

later study did not detect any TNFa reactivity in the human ovary with anti-TNFa

monoclonal antibody (Bukovsky and Caudle, 1992). It is not clear whether the

polyclonal anti-TNFa antibody has a different specificity from the monoclonal

antibody or represents an alterative type of circulating TNFa. Although the mRNA

for TNFa has been found in the rat and human ovary (Sancho-TeI\o et al, l99l;
Clinton et al,I99L), the results were obtained by reverse transcribed polymerase chain

reaction in which the amplified TNFa mRNA may not represent TNFa of ovarian

origin but TNFa from peripheral blood circulation.

The ovarian action of TNFa, like that of IL-l function in ovary

(L.5.2.1), is also biphasic. The anti-gonadotrophic role played by TNFa in the

preantral follicle is demonstrated by the inhibition of FSH induced estrogen and

progesterone production in undifferentiated rat and porcine granulosa cells (Emoto

and Baird, 1,988; Adashi et al, 1989b; Darbon et al, 1989; Andreani et al, 1991).
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Conversly, in the preovulatory follicle TNFø stimulates progestin production in the

theca cells of rat and appears to have a gonadotrophin-tike activity (Roby and

Terranova, 1990). Although TNFø is capable of inducing tumour necrosis in vivo and,

of exerting cytolytic or cytostatic effects on a broad range of transformed cell line in

víto (L.2.2.1), the inhibitory action of TNFø on ovary could not be accounted for by a

decrease in cellular viability or plating efficiency, nor by a decrease in the number of

cells or their DNA content (Adashi et al 1989b, 1990). Instead, TNFø inhibits

gonadotrophin action at the level of LH receptor formation, cAMP accumulation and

the key biosynthetic steroidogenic enzyme production (Adashi et at L989b, 1990).

The action of TNFa on the preovulatory follicle is not directly related to cAMP but

rather to promote the function of protein kinase C which phosphorylates key proteins

involved in ovarian cell differentiation (Sancho-Tello and Terranova, 1991). In the

fully differentiated human granulosa-lutein cells, the secretion of both PGF26¿ and

progesterone were stimulated by TNFa (7,o\ri et al, 1990). TNFa, as a potential

ovarian regulator, is being explored. It is speculated that TNFa may play a role in the

still enigmatic processes of atresia and/or luteolysis. However, the above evidence

does not support this hypothesis because TNFa has stimulatory effects only in

preovulatory follicles and luteinized granulosa cells.

1.5.2.3 Other cytokines

T-lymphocyte-derived cytokineslL-2and IFNy may participate in the

regulation of ovarian function. In vitro studies show that IL-Z enhances FSH induced

progestin produciton (Kasson and Gorospe 1989) and IFNy in the presence of FSH,

inhibits secretion of estrogen, progestins and inhibin (Gorospe et al 1988; Xiao and

Findlay, 1991) in undifferentiated rat granulosa cells. In contrast to these

observations, Adashi and his colleagues (1989b) could not find any effect of IL-2 or

other cytokines including IL-3, G-csF and IFNy on rat granulosa cells.
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The current status of intraovarian function of cytokines have been

summarized in Table 1.5, During the preantral follicle stage, the predominant effect of

cytokines is inhibitory and gonadotrophin-dependent. The main target cells of

cytokines at this stage seem to be undifferentiated granulosa cells. During the

preovulatory follicle stage, the theca cell is a major site for cytokine reception with

increasing secretory activity, whereas luteal cells in response to cytokines appear to

produce increased PGs and less response in steroidogenesis.

In order for the role of cytokine in ovarian physiology to be clarified,

their in vivo origins must be determined. Immune cell, as a confirmed origin of

cytokines, have been identified in the ovary of several specials (1.5.1). However, a

systematic cyclical observation has not been available on the distribution of immune

cells at the different stages of follicle or corpus luteum which prevents the evaluation

of their real function in the ovary. Inconsistent findings of immunoreactive cytokines

in the ovary (1,.5.2.2) could not confirm whether the cytokine exists in the ovary or

not. The detection of cytokine mRNA (1,.5.2.I and 1-.5.2.2) from the extraction of

ovarian tissue has proved the existence of cytokine production within the ovary but

which cell population responds to cytokinesis unclear. Furthermore, the identification

of cytokine receptors in the ovary should be investigated too. Although many

questions are waiting to be explored, the available observations (1.5.2), taken together,

indicate the intraovarian action of cytokines corresponds with physiological secretory

activity of preantral and preovulatory follicles. Thus, it can be infened that cytokines

may play local roles in the control of follicular development, ovulation and secretory

activities.

1.5.3 rnteraction between Gonadotrophins, ovarian steroids and

fmmune cells

Menstrual cyclic variation of IL-l has been observed in human subjects.

lncreased plasma IL-L during the luteal phase of the menstrual cycle is consistent with
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Table 1.5 Summary of cytokiues and their intraovarían function

Stage
of
follicle

Cells IL-1 TNF IL_2 IFNy

heantral
follicle

Undiff G.C Inhibit: Inhibit: lncrease: Inhibit:
FSH-induced

aromatase,
82,P4 and

Inhibin
(rat)

FSH-induced FSH-induced FSH-induced
P4. E2 and aromatase p+ (raÐ
LFIr (rat) EZandp4

(rat and

Diff G.c.

Theca-inter

Inhibit:
basal and
LH-induced
P+;
basal and
FSH-induced
aromatase,
EZandP4
þorcine)

porcine)
Stimulate
PGs
(porcine)

Inhibit
FSH-induced
Pq
(rat)

Inhibit:
hCG-induced
androgens
(rat)

Preovulatory Granulosa-
follicle Intein

Increase: Inhibit:
PGs basal and
(bovine) FSH-induc¿d
Inhibit: P+ (rat)
FSH-induced Incrèa& pGs
Ez lhuman)
(human) Ìn¡iUit,'

Inhibit: Inhibir
hCG-induced hCG-induced
P+ P4 and
(human) FSH-induced

E2
(human)

Theca Increase:
hCG-induced
P4 and T
(hamster)

FSH-induced
EZ

and

I-egends

. E2: esrradiol. Lutei GC:
granulosa-lutein cells. pG:
cells. Theca-inter: thec¿
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the raised body temperature (0.2-0.6oC) at that stage (Cannon and Dinarello, 1985).

Human peripheral monocytes cultured in the luteal phase of the cycle secrete

significantly more IL-1 bioactivity compared to that in the late luteal phase (Polan er

aI,1990). These increased levels of IL-L in vivo or in vitro during the luteal phase

may indicate the possible influence from menstrual cyclic release of hormones, which

include LHRH, LH and steroids, on the immune cells function. A brief discussion of

this aspect will be presented.

1.5.3.1 LHRH

Immune cells have been demonstrated to be the sites of LHRH reception,

production and action. Rat thymocytes and splenocytes contain LHRH receptors

(Marchetti et aI, 1988; 1989). LHRH mRNA has been detected in rat spleen

lymphocytes (Azad et aI,l99l). LHRH and its agonist also show the direct

stimulatory effects, both ln vitro and in vivo, on lymphocyte proliferation (Marchetti ef

al, 1988, 1989), ornithine decarboxylase activity (Marchetti et al, r9$9a), lL-z
receptor expression (Batticane et al, 1991) and thymus morphology and function

(Marchetti et aI,1989; Morale et al,I99l).

1.s.3.2 LH

IL-L acts acutely and directly to release preformed stores of LH and PRL from

perfused rat pituitaries and pituitary cell culture (Rettori et al, 1987, Beach et aI,

1989). IL-6 stimulates LH and PRL release from anterior pituitary (AP) (Spangelo er

al, 1989). In response to LHRH or one mitogen, concanavalin A (con A),

lymphocytes from human, porcine, mouse and rat can produce a LH or LH-like

molecule (Ebaugh and Smith, 1988; Gorospe and Kasson, L9B9; costa et al, 1990;



43

Standaret et al,l99L). LH, probably in an endocrine or autocrine manner, is able to

stimulate cell proliferation and the release of IL-1 andlL-2 in cultured mouse spleen

cells (Rouabhia et al, L99l). A possibitity therefore exists in the ovary that resident

white cells with immune function may have their paracrine action on the steroid-

producing cells by secreting locally produced LH, or by being influenced by LH.

1.5.33 Sex Steroids

In human, oestrogen receptors have been found in peripheral blood

mononuclear cells and thymocytes (DaneI et a|,1983; Carbone et aI, L986; Weusten eú

al, 1986; Scambina et al, 1990) and in T-lymphocytes of the cytotoxic/suppressor

CD8 cell subset (Cohen et al,1983; Stimson, 1988). Human monocytes respond in

culture, to both oestradiol and progesterone, by stimulation at low concentrations and

by inhibition at high concentrations (Polan et aI, 1983). I[.-1.P mRNA levels are

decreased in cultured human peripheral monocytes by increased levels of both

oestradiol and progesterone (Polan et al, L989). Progesterone is also able to block T

cell activationin uirro (Stites et aL,1983).

1.6 Aims of this thesis

The literature review presented has summanzed the investigations of the

relationship between the immune cell derived cytokines and the female reproductive

system. [t indicates that immune cell derived cytokines can be locally produced from,

and have functions on any part of the axis of the hypothalamus-anterior pituitary-

ovary and the rest of the reproductive organs. Furthermore, the secretory products

from the reproductive organs can also act on these immune cells and their cytokine

production. The ovary, as one of the organs of both endocrine and reproductive

systems, is a site of active cell turnover during the reproductive phase of life with

follicular growth, ovulation and formation of the corpus luteum requiring regular

tissue remodelling. It is therefore not surprising that a considerable number of blood
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leukocytes may traffic and reside in the ovary following ovulation. However, the real

significance of the residence of these leukocytes with immune function inside the

ovary is not clear, especially since few studies were conducted using human material

to investigate the relationship between immune cell-derived cytokine and ovary. This

thesis is thus designed to extend the above knowledge to the human ovary mainly

using granulosa-lutein cells and corpus luteum as studied models. The aims of this

thesis are to study the following aspects.

1) localization of the presence and distribution of leukocytes with immune

function in the human ovary, with particular reference to the corpus luteum;

measurement of immunoreactive cytokines in the human ovary, particularly the

follicular fluid;

study of the effects of cytokines on steroid production and cell proliferation in

human granulosa cell culture.

Because it is difficult to obtain sufficient tissue from the human ovary before

ovulation, these questions were studied using follicular fluid, luteinizing granulosa

cells and corpus luteum excised at the time of gynaecological operation.

2)

3)
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2.1

CHAPTERTWO

MATERIALS AND METHODS

All materials including instruments, chemicals, reagents and individual

experimental methods used in this thesis are introduced in this section:

Equipment

Milli Q water (M.o water) system and filter unit (0.z2pm); Millipore

Corporation, MA, U.S.A.

Nylon mesh Q7 -aÛDppore size); Schweiz, Seidengazefabrik, Switzerland.

centrifuge tubes (15m1, propylene) with yellow cap (gamma sterile),

Disposable Products Pty. Ltd., South Australia.

Centrifuge tube (50m1); Becton Dickinson Labware., NJ, U.S.A.

Disposable plastic culture vessels (25m1 and 200m1); Inter Med Nunc

Denmark.

8-well tissue culture chamber slide; Nunc Inc., Naperville, I! U.S.A.

24-well and 96-well tissue culture plates; Flow Laboratories Inc., Sydney,

NSW, Australia.

Disposable Pasteur pipettes (glass); chase Instruments., Glens Falls, Ny,

U.S.A.

Disposable plastic pipettes (L, 5 and 10mt); Becton Dickinson I-abware., NJ,

U.S.A.

Microscope slides, 25.4x76.2mm, C.N.M.C., Shanghai, p.R. China.

cellulose tubing seamless (dialysis tube, MW cut-off 3.5KDa); Illinois,

U.S.A.

Mixing cannulae; Indoplas., Sydney, Australia.

Glass-fibre filter; Enzo Diagnostics., New York, U.S.A.
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centrifuges, Beckman models J-68 and GPR; Beckman Instruments pty.,

Gladesville, NSW, Australia.

Cytospin; Shandon, Cheshire, U.K.

CO2 incubator (model3029); Forma Scientific Division of Mallinckrod Inc.

Marietta, Ohio, U.S.A.

Activon pH meter (model 209); Activon Scientific products company pty.,

Bright VC Australia.

Magnetic stiner; Stansen Scientific Pty., Adelaide, Australia.

Multi-Tube Vortexer; American Dade., Miami, FL, U.S.A.

Cryostat, Tissue-Tek II; Miles I^aboratories Inc., Naperville, IL, U.S.A.

wallas 1260 Multigamma II counter; LKB Producter AB, Bromma, Sweden.

Liquid scintillation counter; Beckman IS system, Fullerton, CA, U.S.A.

Automatic Cambridge Cell Harvester; Watertown, MA, U.S.A.

olympus inverted research microscope (model IMÐ; olympus, Tokyo, Japan.

Olympus BH2 microscope; Tokyo, Japan.

2.2. Chemicals and Reagents

Products purchased from Flow Laboratories Inc., sydney, N.s.w., Australia

were Minimum Essential Medium (MEM; Modified Eagle's Medium with Earle's

Salts, with glutamine, \¡/ithout sodium bicarbonate); RpMI 1640 medium (RpMI

I6aQ; phosphate buffered saline (PBS); antibiotics (streptomycin/penicillin-G

solution) and 0.057o trypan blue. Products bought from AJAX Chemicals, Sydney,

Australia \ryere sodium azide (NaN3); sodium dihydrogen orthophosphate

(NaH2Po4.zHzo); di-sodium hydrogen orthophosphate dihydrate (Na2Hpo4.2H2o)

and acetone.

Products provided by sigma chemical company, st. Louis, Mo, USA were

sodium chloride (NaCl), a-D[+]-glucose; sodium bicarbonate (NaHCo3); calcium

a
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chloride dihydrate (C-aCLZ.2ILZO); penicillin-G sodium salt (PG); pyruvic acid sodium

salt (Na Pyr); phenol red sodium salt (phenol red); Dl-I^actic and sodium satt (Iactic

acid); Hepes sodium salt (Hepes); Sigmacote; phyrohemagglurein (pHA); phorbol

myristic acetate (PMA), trypsin (type XII-S); diaminobenzidine (DAB); poly-l-

lysine (PLL, MW L.5-3x105) and cycloheximade. Potassium chloride (KCl);

magnesium sulphate (MgSoa.THzo); potassium phosphate monobasic (KH2po4)

and magnesium chloride (MaCl2.6H2O) were purchased from Mallinck¡odt, paris,

Kentucky, U.S.A.

Potassium phosphate, dibasic (K2Hpo4), sodium hydroxide (NaoH),

hyclrogen peroxide (Hzoz) and DePex were obtained from BDH, poole, u.K.

Medium 199 (M199) was purchased from GIBCO, paisley, u.K, Methyl-3H-

thymidine (3H-thymidine) with 5mCi in 5ml, TRA 120, specific activity SCi/mmol

was provided by The Radiochemical Centre, Amersham, England.

Ficoll-paque \ryas purchased from pharmacia, piscataway, NJ, u.s.A. Heparin

(1,000 iu/ml) was obtained from Weddel Pharmaceuticals, NSW, Australia. Bovine

serum albumin (BSA, fraction V, essentially fatty acid free) was provided by

Boehringer-Mannheim, Mannheim, Germany. percoll was purchased from

Pharmacia LKB Biotechnology, Uppsala, Sweden. Human chorionic gonadotrophin

(hcc), Profasi, (3,000 u/m) was obtained from serono I-aboratories, Basel,

Switzerland. O.C.T. Compound, Tissue-Tek II was bought from Miles I¿boratories

Inc., Elkhart, IN, U.S.A. Liquid scintillation cocktail was purchased from Beckman

Instruments Inc., Fullerton, CA, U.S.A.

Radioimmunoassay (RIA) kits for lL-rP, rL-z, TNFa and cAMp were

obtained from Amersham International p/L, Amersham, U.K. The RIA kits for

progesterone (Pa) were purchased from Bioclone Australia pty. Ltd., Sydney, NSw,

Australia and oestradiol @ù from Farmos Diagnostica, Oulunsalo, Finland.
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Recombinant human interleukin-L QL-Iþ), interleukin-z (lL-z) and tumor necrosis

factor (TNF) were purchased from Genzyme, Cotp, Boston, MA, U.S.A.

Mayers haematoxylin, ammonia water (1ml concentrated NH+OH per litre),

ethanol and xylene were available from Clinical Histopathology, TeEH. M^llA-L44

cell line (gibbon T cell line) was provided by Dr. L.K. Ashman, Department of

Immunology, University of Adelaide through Mrs. S. Robefson.

2.3 Antibodies and Sera

Primary antibodies (loAb) are listed in Table 2.1. Fetal bovine serum (FBS)

was purchased from Flow I-aboratories Inc., Sydney, NSW, Australia. Normal horse

serum (NHS), normal goat serum (NGS), biotinylated horse anti-mouse

immunoglobulin (þ (2oAb), goat anti-mouse IgM (2oAb) and avidin-biotin-

peroxidase complex (ABC reagents) were bought from Vector laboratories,

Burlingame, CA, USA. Str Avi GeilM Super Sensitive Universal Immunostaining Kit,

which included biotinylated anti-rabbit Igs (BARI), biotinylated anti-mouse Igs

(BAMD and peroxidase-conjugated streptavidin (pcs) was purchased from

BioGenex I¿boratories, San Ramon, CA, USA.

2.4 Immunocytochemistry

Immunocytochemistry is the identification of a tissue constituent in situ by

means of a specific antigen-antibody reaction trapped by a visible label. Two

techniques in immunocytochemistry are applied in this thesis. One is the avidin-

biotin-peroxidase complex (ABC) method which was developed by Hsu and his

associates in 1981 and another is an improved biotin-streptavin amplified detection

system (B-SADS) which was developed by Bio Genex I^aboratories, San Ramon, CA,

U.S.A.
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Table 2.1 List of Antibodies

Name of antibody Abbreviations Source

Monoclonal antibody

CD3

Leucocyte common antigen

L26

UCHL-1

Vimentin

Anti-Iæu-4

Anti-Inu2a

Anti-Iæu-3a+3b

Anti-interleukin-2 Receptor

Anti-Leu-12

Anti-I-eu-14

Anit-I-eu-7

Anti-Iæu-M1

Anti-I-eu-M5

MT1

Anti-estradiol

Polyclona antibody

Anti-human placental
3B-hydroxysieroid
dehydrogenase

CD3

LCA

126

UCHL-1

Vimentin

Anti-I-eu 4

Anti-læu 2a

Anti-I-eu 3ab

AÃti-IL-z receptor

Anti-t eu 12

Anti-Leu-14

Anti-tæu 7

Anti-Leu Ml

Anti-Iæu M5

MT1

Anti-Ez

Dakopatts, Denmark

Becton Dickinson, USA

Biotest Diagnostics, FRG

Sara-I¿b Sussex U.K.

I

il

I

il

il

il

Anti-38-HSD Provided by Dr. J.I. Mason,
University of Texas, USA
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The ABC method includes the following substances. The primary antibodies,

Ig G or M, which are specific to the human tissue antigens, are derived from mouse or

rabbit; secondary antibodies which are anti-mouse or -rabbit Ig G or Ig M, from

horse or goat respectively, will bind to the corresponding primary antibodies; biotin, a

small molecule vitamin, can be linked chemically to the secondary antibody and

peroxidase. Biotinylated secondary antibody, when added to the tissue section,

localizes to the sites of primary antibody which has bound to the antigen within the

section. Avidin, a 68,000 molecular weight glycoprotein found in egg white, has an

extraordinary affinity (dissociation constant 10-t5M) for the biotin. Therefore, avidin

molecules are able to bind lgs or peroxidase molecules which have covalently coupled

biotin. Peroxidase (horseradish peroxidase normally used) in conjunction with

diaminobenzine (DAB, a chromogen) and hydrogen peroxidase as the substrate finally

results in an intensive staining. Taken together, the ABC method involves an

application of biotin-labelled secondary antibody followed by the addition of avidin-

biotin peroxidase complex. During the formation of the complex, avidin acts as a

bridge between biotin-labelled peroxidase molecules, and biotin-labelled peroxidase

molecules, which contain several biotin moieties, serve as a link between the avidin

molecules. Consequently, a "I-attice" complex containing several peroxidase

molecules is likely formed. A high staining intensity therefore results from the

binding of this complex to the biotin moieties associated with secondary antibody

(Fig.2.1).

The B-SADS method uses streptavidin instead of avidin. Streptavidin is a

biotin-binding protein produced by Streptomyces (Chaiet and Wolf 1964). The

binding affinity of streptavidin for the biotin molecules is over 1 million times higher

than that of avidin. Unlike avidin, streptavidin contains no carbohydrate which can

bind nonspecifically to lectin-like substances found in normal tissue (Naritoku er ø/,

1982). The secondary antibody in the B-SADS method attachs more biotin
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Avidin -Bioti n-Peroxida se
Complex

PX

Biotinylated
Bridge Antibody

PX T

Unlabeled
Antibody Anti- I

The piclorial illuslration of the ABC rnethod. Solid semicircle indicates anligen; PX,
peroxidase, aslerisk, biolin; and shaded open+, avidin (Reproduced from Falini and
Taylor, 1983)

Fig 2.1
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molecules without adversely affecting its binding affinity. In addition, the procedure

for conjugation of the enzyme label to streptavidin has been optimized to permit

maximum labelling of the streptavidin molecule with multiple enzyme labels. The

combined effect of these improvements is a dramatic increase in the amount of signal

generated per antigen-antibody binding event relative to any other procedures.

The dilution and predominant cellular reactivity of primary antibodies are

summarized in Table 2.2. Immunocytochemistry solutions including peroxidase

block; PBS pH 7.6; antibody diluent, stock solution of.0.svo DAB and poly-l-lysine

(PLL) coated slides are mentioned in Appendix I. Pre-treatment of tissue section or

cells on chamber slide and staining procedures are summarized in Appendix II. A
positive reaction is demonstrated by a brown deposit surrounding the cell membrane.

Tissue sections obtained from tonsil and granuloma are used as a positive control for

all leukocyte markers. Corpus luteum tissue section is used as positive control for the

antibodies against vimentin, E2 and 3B-HSD. The selection of the negative antibody

control is according to the standard procedure provided by Taylor (1986). The section

is treated with PBS in lieu of primary antibody; the addition of secondary antibody

and all other steps are followed unchanged. The evaluation of the results will be

introduced in sections 3.2 and7.2.

2.5 3H-thymidine uptake

The degree of cell proliferation can be determined in a number of different

\ilays. The most common is measurement of 3H-thymidine uptake. In this thesis,

3H-thymidine incorporation into cultured human granulosa-lutein cells was

performed to judge proliferation of these cells under the different culture conditions.

Cell culture (see 2.6) was completed by removal of culture media at the required stage.

C-ell proliferation was assessed by adding freshly prepared 3H-thymidine culture

medium (see Appendix III) for a further 6h in an incubator at3Tocwjth5Vo
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Table2,2 Predominant Cellular Reactivity and Dilution of Antibodies

Name of antibody Cluster
Designation

Predominant
Reactivity

Dilution

Frozen
Section

Paraflin
Section

Anti-Iæu 3ab CD4

T cell 1:5

T cytotoxic/
suppresor cell 1:40

T helper/inducer cell L:4

Anti-I¡u 4

Anti-Iæu 2a

CD3

CD8

CD25

cD19

CDZZ

CDL1c

CD].5

CD45

CD43

CD45RO

CDzO

Anfi-II2 receptor

Anti-Iæu L2

Anti-Iæu 14

Anti-Iæu M5

Anti-I¡u 7

Anti-Iæu M1

LCA

CD3

MT1

UCHL1

L26

Vimentin

Anti-E2

Anti-38-HSD

Activated T cell

B cell

B cell

Macrophage

NK

Monocl'te

[æukocyte common
antigen positive cell

T cell

T cell

T cell

B cell

Cells of mesenchymal
ongln

Cells containing
EZ

Granulosa cell

1:10

1:50

1:5

I:25

L:20

1:50

1:50

I:200

1:100

1:300

1:50

l:20

1:30

1:500

1:500

1:1000

1:500
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CO2 and 95Vo aft. After 6h incubation, 3¡¡-1¡ymidine culture medium was aspirated.

Cells were washed twice with MEM and digested in freshly prepared trypsin solution

(see Appendix III) for 5-10 min. The cells in trypsin solution were collected with a

multiple harvester onto a glass-fibre filter and after washing with water, the filters

were dried and counted in a liquid scintillation counter. The results were expressed as

mean counts per minute (c.p.m.) of ten culture wells.

2.6 Human Granulosa-Lutein Cell Culture

Since the IVF techniques were popularized, human granulosa-lutein

cell culture has been widely used to study some of the properties of ovarian cells.

These cells have been widely studied (Hsueh et al,1984) due to their easy availability

in relatively pure form through programmes of in vitro fertilization, and the ease of

culturing them. Unlike most granulosa cell cultures obtained from rodents, human

granulosa-lutein cells have been exposed to endogenous and exogenous

gonadotrophins in uiuo, while differentiatingin vitro. Thus their function most likety

resembles that of luteal cells in vrvo (Hitlier et a\,1987). Human granulosa-lutein cell

culture remains a useful model which is applied as one of the study methods in this

thesis.

2.6.1 Preparation of material and solutions

2.6.1.1 Preparation of silicon pipette

See Appendix IV

Preoaration of cell culture media

See Appendix IV

2.6.1.2
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2.6.1.3 Preparation of 507o percoll solution

5O%o percoll solution was made from HTF media and percoll solution which

was produced by percoll stock solution and l-0 x media. See Appendix V for details.

2.6.2 Collection of granulosa-lutein cells

Cells were recovered from follicular fluid obtained f¡om women undergoing an

in vitro fertilization (IVF) procedure at the Reproductive Medicine Unit, The eueen

Elizabeth Hospital. Ovarian stimulation was used, with a combined therapy of L00mg

clomiphene citrate/ day from days 5-9 and 7S-Is0 ru human menopausal

gonadotrophin every day from days 5-L4, \ryith slight dose variation depending on the

individual response (Kerin et aI, 1984). Follicular development was monitored by

measuring daily levels of serum E2 and by ultrasonographic measurements of follicle

diameters. HCG (5000 ru) was injected intramuscularly when the size of at least two

leading follicles reached 18 mm, with serum E2 levels over 1-1.5 nmol/mature

follicle. Laparoscopy or transvaginal ultrasound-guided oocyte retrieval was

performed 36h later, and the contents of visible large follicles (>16mm) were

aspirated. Oocytes were identified and separated. Follicular fluids from different

large follicles of each woman were combined.

2.6.3 Cell culture procedures

Combined follicular fluids from follicles of one case were transferred to a

centrifuge tube using a sterile silicon coated pasteur pipette and spun at 210xg

for 5 minutes (min);

supernatant was discarded, cells were washed with MEM and then spun at

200xgfor 5 min;

Supernatant was discarded and the required amount of MEM (cell:MEM about

l:I-2) was added to cells, with thorough mixing;

A 507o percoll column (aml) was placed in each new centrifuge tube, 2-2.Sml

cell suspension was placed on the top of each percoll column and spun at
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200xgfor 20-30 min to pellet red blood cells;

After centrifugation, the contents from the top to the bottom of the percoll

column should be MEM, granulosa-lutein cells, 5O7o percoll solution and the

red blood cells. A relatively purified granulosa-luteal cell population was

aspirated from the interface using a new sterile siliconized pasteur pipette to a

new tube with MEM (about 7 ml);

The cell suspension was passed through a sterile nylon mesh into another new

tube to make a single cell suspension, spun at 2o0xg for 5 min and supernatant

was discarded;

cells were washed again in MEM (5ml), celt viability and number were

determined by 0.4Vo Trypan Blue and a haemacytometer, spun at 200xg for 5

min and supernatant discarded.

Cells were resuspended in 10ml of MEM-FBS, \ryith mixing and the required

amount of MEM-FBS was added.

cells were seeded to culture plates (2.5-5x105 cells with 1ml of MEM-FBS

per well).

In most situations, more than 957o viable cells were obtained in evety

experiment by counting with Trypan Blue staining. Cultures were incubated in a

humidified environment with 57o CO2 and 957o air at 37oC. Culture media were

changed every 48hrs with the same media or serum-free media, M199-FBS

depending on the experiment. Each experiment such as, addition of hCG or cytokines

consisted of four to six wells. These treatments were added at the required time.

Culture periods were dependent on the requirement of observation. At the end of each

culture period, the incubation media were collected and stored at -2}oCuntil assayed
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2.6.4 Evaluation of culture system

2.6.4.1 fdentification and morphology

The majority of cells in the present culture system were steroid producing celts

as demonstrated by immunocytochemistry (see 2.4) with 3B-hydroxysteroid

dehydrogenase (HSD) polyclonal antibody (Fig.2.2a,b). After 48hr of culture period,

granulosa-lutein cells formed monolayers and assumed a fibroblastic appearance in

the absence of any hormone. In the presence of hCG, cells were tightly packed with

epithelial shape and tended to grow in multilayered aggregates. In the mean time,

more granules were observed in the cytoplasm of cultured granulosa-lutein cells

incubated with hCG compared to the culture without hCG. These observations may

be in accord with the secretory activity of these cells under the different culture

conditions.

2.6.4.2 Cell growth ín vitro

Cell proliferation measured by [3U]-thymidine incorporation into cultured

cells (see 2.5) showed that cells gradually proliferated over a 10-day period starting

with the original number ranging from 2x1,03 to k106 cells/well (Fig. 2.3). HCG

(Siu/ml) did not alter cell proliferation with the original number of 5x105 cells/well

compared to the control. These observations indicate that the cell culture system

applied in this study is suitable for the maintenance of human granulosa-lutein cell

growth invitro.

2.6.4.3 Daily and accumulative P4 secretion

In the absence of gonadotrophin stimulation in the culture system, granulosa-

lutein cells retained their ability to produce P4. The values of P4 in every case peaked

on the second or third day of culture (Fig.2.Ð. The levels of P4 declined rapidly after

the third day of culture, falling to much lower levels during the later stages of culture,

although cell growth at this time was demonstrated to be unimpaired (Fig. 2.3). The

cumulation of P4 in the culture medium also occurred at a decreasing
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3p-HSD positive staining (brown) in cultured human granulosa-lutein cells
(Magnification x555).

Negative slaining as a control in cultured human granulosa-lutein cells
(Magnification x555).

I

Fig.2.2a

,çs.o.

I

Fis.2.2b
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3H-Thymidine lncorporation (cpm)
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200,000 cells

100,000 cells
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Fig 2.3 cell proliferation was observated by (3Ð-ttrymidine incoqporation into cultured
human granulosa-lutein cells (starting cell numbers 2x104 ø tx106 per well, I case)
grown for 10 days with media (MEM-FBS) changed every 48h.
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rate after the fourth day of culture (Fig. 2.5). These results suggested that without

gonadotrophin support, these cells can maintain their ability to proliferate but do not

retain their P4 secretory function in parallel with their proliferative activity during

long term culture.

2.6.4.4 Response to hCG on different days of culture

HCG was able to stimulate P4 production in granulosa-lutein cells, but the

sensitivity of these cells to hCG stimulation differed at different stages of culture (Fig.

2.6). In the early stages of culture, cells demonstrated a high ability to produce p4 but

a low sensitivity to hCG stimulation. Conversely, in the later stages of culture, cells

sec¡eted less P4 at a basal level but became more sensitive to stimulation with hCG

(Fi$.2.6). Significant differences between P4 levels observed between control (basal

levels) and hCG stimulated wells were found on day 2,6 and 8 of culture (p<0.00L).

The results are similar to the findings of previous reports (polan et al,l9g4; wickings

et al, L986; Hillier et aI, 1987). These observations suggest that hcc
hyperstimulation and the endogenous stimulation by preovulatory LH surge may

therefore lead to a continued high secretory activity of these cells during the early days

invitro. The increased response to hCG of these cells in vitro onthe later days may be

related to the reduced effect of endogenous hCG and LH or the production of new

cells which require gonadotrophin signals.

2.6.4.5 ThÍrty days of cell culture exposed to continual hCG stimulation

Although the granulosa-lutein cells retained their ability to produce p4

throughout the 8 days of culture, without hCG, a sharp decrease in their capacity to

produce P4 occurred after day 3 or 4 onwards. If however the cells were incubated

with hCG (5iu/5x105 cells), they retained their P4 biosynthesis for up to 30 days in

culture (Fig.2.7). This was demonstrated not only by the measurement of p4 levels,

but also by the presence of substantially increased numbers of active secretory

granules in the cytoplasm of hCG-stimulated cells, in comparison to those in control
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wells (Fig. 2.8a,b). During the first two weeks of culture, the in vitro P4 secretion was

very similar to serum P4 measured in the same patient during the corresponding luteal

phase. This iz vitro model may be equivalent to the whole functional life-span of the

corpus luteum formed in the natural ovulatory menstrual cycle, and also may imitate

an early pregnant corpus luteum.

2.6.4.6 P4 secretion from cultured granulosa-lutein cells in serum-free

media

In order to exclude the possibility that FBS contain endogenous cytokines

which may influence the results of human granulosa-lutein cells with added

cytokines, in some experiments, granulosa-lutein cells were precultured in MEM-

FBS for 48h and followed in M199-BSA (serum free media) for another 48h. All
experiments with cytokines showed similar tesponses in serum or serum free-

medium. However concentrations of P4 in cultures with serum-free medium than

serum containing medium were lower (results will be shown in chapter 5 and 7). The

available assays were unable to detect immunoreactive and bioactive cytokines (IL-2

and TNFa) in serum-containing medium, which may be related to the inactivation of

these peptides during the preheating procedure of FBS. Serum-containing medium

was used therefore in the majority of cell culture in this thesis.

2.7 Leukocyte Culture

The purpose of ín vitro culture of human leukocytes or MLA 144 cell line

(gibbon T-cell line) in this thesis was to develop cytokine-enriched conditioned

media which will be added to human granulosa-lutein cell culture to test the effect of

cytokine on cell P4 production.
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2.7.1 separation of perÍpheral blood mononucrear (pBM) cells

Blood (25m1) was drawn by sterile venepuncture into a syringe and

immediately transferred into a sterile 50ml centrifuge tube with a concentration of

approximately 5-10 iu/ml of heparin and mixed well. The blood was mixed with an

equal volume of HBSS (see Appendix VI) and centrifuged at 1,500 xg, at 4oC, for 15

min. Approximately 26 of the supernatant was removed and HBSS added up to a

total of 50ml and mixed well. Blood with HBSS (25m1) was added to one 50ml

centrifuge tube; 15ml Ficoll-paque (15m1) was added to the bottom of the centrifuge

tube by insertion of a mixing cannulae throughout the blood and the tube centrifuged

at 300xg, 4oC for 30 min, then the PBM cells were recovered f¡om the interface by a

Pasteur pipette and washed ¡vice with HBSS. The cell viabitity (normally more than

95Vo were viable cells) and cell number \¡/ere assessed by staining with0.5To trypan

blue. Cells were diluted to the required number with MEM-FBS (see Appendix IV)

or RPMI 1640-FBS (see Appendix VI).

2.7.2 Preparation of conditioned medium (CM)

L. CondÍtioned MedÍum I from cultured ML¿A-144 cell line (MLA-

CMr)

}.{LA-L44 cells (5x106) were added to each ml of MEM-FBS. Each 5mt of

MEM-FBS containing the cells was transferred into a25ml cell culture bottle. Cells

were incubated in a humidified environment with SVo CO2 and 95Vo air at 37oC for

48h. Conditioned medium was collected after centrifugation (500xg for 30 min) to

remove the cells, it was then filtered, aliquoted and frozen at -70oc.

2. ConditÍoned Medium 2 from cultured MLA-144 cell line (MLq,-

cM2)

N-{LA-L44 cells (5x106) were added to each ml of MEM-FBS. Each 5ml of

MEM-FBS containing cells was transferred into 25ml cell culture bottle with 4pglmL
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PIIA and lOng/ml PMA. Cells were incubated in a humidified environment wjth 5Vo

COZand95To aft at37oC for 48h. MLA-I44 cells were removed from the harvested

culture by centrifugation (500xg for 30 min). Culture medium (called MLA-CM2)

was dialysed twice against 2 litres of PBS and then once against 2 litres of MEM (MW

cut-off, 3.5 KDa) at 4oc. Mr-A.-cM2 was filtered, aliquoted and frozen at

-700c.

3. Conditioned medium for cultured human peripheral blood cells

(HPL-CM)

PBM celts (5x106¡ were added per ml of MEM-FBS. Each 5ml of MEM-FBS

containing the cells was transfened into a 25ml culture bottle with 4pglml pHA and

lOng/ml PMA. Cells were incubated in a humidified environment with 57o CO2 and

957o air at 37oC for 48h. PBM cells \ilere removed from the harvested culture by

centrifugation (500xg for 30 min). HPL-CM was dialysed twice against 2litres pBS

and then once against 2 litres of MEM (Mw cut-off, 3.5KDa) at 4oC. HpL-CM was

filtered, aliquoted and frozen at -70oC.

4. Control conditioned media (CM)

Control CM were prepared by equal amounts of MEM-FBS added with up to

maximal concentrations of 4Ùpglml PFIA and 100ng/ml PMA using the same dialysis

conditions.

2.8 Radioimmunoassays

commercial radioimmunoassay (RIA) kits were used to assay rL-lp, rL-z,

TNFø, cAMP, P4 and E2in this study. The characteristics and procedures of each kit

will be introduced as follows.
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2.8.1 rL-I, RIA

IL-LP assay system utilized a high specific activity [125I]-L-1B (human,

recombinant) tracer, together with a highly specific and sensitive antiserum.

Separation of the antibody bound from free fraction was achieved with a Amerlex-

MN second antibody preparation, which was made f¡om donkey anti-rabbit serum

coated onto magnetizable polymer particles, thus allowing a simple magnetic

separation. The assay was performed exactly as described by the manufacturer

(Appendix VII) without prior extraction or dilution. The standards in this assay were

calibrated in fmolÆ.lml (1fmoV0.Lml = O.I7pg/l) and the results were expressed in

pmol/l. The cross-reactivity of the IL-IP antiserum for the interleukins was stated by

the manufacturer tobe 1007o for human recombinant IL-LP and, <O.0L7o for all other

human recombinant interleukins tested, including rL-Lo,, rL-2, rL-2 lala-L251, rL-3,

rL-4, rL-6, TNFa and IFNy. The non-specific binding of rL-lB was L.7vo. The

sensitivity, defined as the amount of IL-IB needed to reduce zero dose binding by two

standard deviation was O.22fmolltube. All samples tested showed parallelism with

standards.

2.8.2 rL-2 RIA

IL-2 immunoreactivity \¡/as evaluated by using anIL-2 RIA kit with the same

principle as described in 2.8.1. The assay was performed exactly as described by the

manufacturer (Appendix VIID without prior extraction or dilution. IL-2 standards in

this assay were calibrated in fmol/0.1m1 (Lfmol/0.1m1= 0.I5pú) and the results were

expressed in pmol/I. The cross-reactivity of the IL-2 antiserum for interleukins was

stated by the manufacturer to be I007o for human recombinantÍL-2 and <O:J,Vo for all

other human recombinant interleukins tested, including rL-"l,a, rL-Lp,IL-3, rL-4,

TNF-a, IFNy and mouse recombinant IL-2. The non-specific binding of IL-2 was

2.5Vo. The sensitivity, defined as the amount of IL-2needed to reduce zero binding to

two standard deviations was 1.4fmol. All samples tested showed parallelism with

standards.
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2.8.3 TNF¿ RIA

Immunoreactive TNFa was analysed by using a TNFa RIA kit with the same

principle as described in 2.8.1. The assay was performed exactly as described by the

manufacturers (Appendix IX) without prior extraction or dilution. The standards in

this assay were calibrated in fmoVO.lml (1fmo1/0.1m1 = O.I7pE/ml) and the results

were expressed in pmol/I. The cross-reactivity of the TNFø on antiserum for the

interleukins was stated by the manufacturer to be I00Vo for human recombinant TNFø

and less than0.02Vo for all other cytokines tested including mouse recombinant TNFø,

human recombinant TNFB, rL-ra, rL-z,IL-3, LL-4,IL-6 and IFNY. The non-

specific binding of TNFa was 3.37o. The sensitivity, defined as the amount of TNFa

needed to reduce zero dose binding by two standard deviation was 0.5fmol. All

samples tested showed parallelism with standard.

2.8.4 cAMP RIA

The RIA for cAMP was performed using a kit with the same principle as

described in 2.8.1. The assay followed the instruction from the manufacturer

(Appendix X). cAMP standards were calibrated in fmol/O.Lmt and the results were

expressed in finoV0.Lml. The antiserum cross-reactivity with related and other

important compounds \¡/as determined by the 507o displacement technique stated by

the manufacturer. Values for both acetylation and non-acetylation systems are L00Vo

to cAMP and less than 0.47o for other compounds (including cIMp, cGMp, ccMp,

AMP etc.). The non-specific binding was 2.37o. The sensitivity, defined as the

amount of cAMP needed to reduce the zero dose binding by two standard deviations

was 13.5fmol. Results were parallelism with the standard curve.
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2.8.s P4 RrA

The P4 kit was a double antibody RIA system. P4 in specimens (serum or

cultured medium) competed with 125t P4 for binding to a constant amount of anti-p4

antibody. The amount of L25l P4 bound was inversely proportional to the amount of

P4 present in specimens. A second antibody/polyethylene glycol (PEG) complex was

used to separate antibody bound from free hormone. Assay procedures followed the

instructions supplied with the kit (Appendix XI). The standards in this assay were

calibrated in nmol/l and the results were also expressed in pmollt or nmol/l (Lnmo/l =

3.18ng/ml). All the specimens in the preliminary experiments were diluted I/50,

1/100, 1/SOO or more in PBS-BSA (Appendix XI) in order to select the dilution

closest to the medium point of the standard curve. When the correct dilution had been

set up, all the samples from one batch of experiments were performed at the same

time. The cross-reactivity of the antiserum for P4 was stated by the manufacturer to

be L007o for P4 and less than than 27o for other steroids. Non-specific binding of p4

was 0.5Vo. The sensitivity, defined as the detectable mass equivalent to twice the

standard deviation of the zero binding value was <0.04nmol/1. All samples showed

parallism with standards. The intra-assay variation was less thanTTo and inter-assay

variation was less thanL}To in serial consecutive assays.

2.9.6 F.2 RrA

The Spectria direct ¡I25t182 coated tube RIA is designed for measurement of

unconjugated l7B-82 without chromatography or extraction of the sample and based

on the double antibody RIA technique. The assay uses a rabbit polyclonal antiserum

against E2 as first antibody and tubes coated with the second (anti-rabbit) antibody

and was performed as advised by the manufacturer (Appendix XII). Assay procedures

were followed by the instructions supplied with the kit (Appendix XII). Oestradiol

values obtained were in ¡mol/I or nmol/l (lpglml = 272.4ttnol/l). Sample dilution

was the same as described in 2.8.5. When the correct dilution was established, all the

samples from one batch of experiments were performed at the same time. The cross-
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reactivity of the antiserum for E2 was stated by the manufacturer to be I00Vo for þ
and less than than L%o for other steroids. Non-specific binding of E1was 0.62o with

standards. The sensitivity, defined as the detectable mass equivalent to twice the

standard deviation of the zero binding value was less than 0.04 nmol/I. All samples

showed parallism with standards. The intra-assay and inter-assay variabilities were

less than 7Vo in serial consecutive assays.

2.9 Ethical Considerations

Applications for permission to obtain human granulosa-lutein cells and

corpora lutea from patients were made to the Research and Ethics Committee of the

University of Adelaide and the Queen Elizabeth Hospital, Woodville, S.A. The

applications \¡/ere approved. Patients, whose corpora lutea were removed, had read a

consent form and signed their names to register before the operation.

2.10 Statistics

The details of statistics will be presented in the following individual section.
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CHAPTERTHREE

DISTRIBUTION OF LEUKOCYTE SUBPOPULATIONS IN
THE HUMAN CORPUS LUTEUM

3.1 Introduction

While the distribution and function of leukocytes in the corpus luteum has

been investigated in several species (Bulmer 1964; Paavola, 1979; Kirsch et al;1983,

Hume et al,1984; Bagavandoss ef al,1988), there is relatively little data relating to the

situation in the human female. Most of the previous investigations in man have been

based entirely on morphological criteria for leukocyte and lymphocyte determination,

and the only convincing studies have been those studying macrophages (Iæi et al,

1991). With the increasing interest in cytokine mediated changes in steroidogenesis

and proliferation in the corpus luteum and ovary of several species as discussed in

1.5.1 it is of importance to characterize leukocyte subpopulations in the human corpus

luteum.

Mast cells are present in the rat ovary and are associated with ovulation, as

shown by increasing numbers during the late follicular phase (Jones et al, 19S0).

Their product, histamine, is thought to be at least partially responsible for the initiation

of the follicular hyperaemia (Krishna et al,1989). Eosinophils also appear important

in the sheep corpus luteum, where they infiltrate the ovary after ovulation and

apparently degranulate either before functional or structural luteal regression

(Murdoch, 1987). Macrophages have been identified in most species and are alleged

to be impofant in the phagocytic degeneration of the corpora lutea cells. Several

species such as the mouse (Kirsch et al, t983; Hume et al,I9B4), rat (Bulmer,1964),

guinea pig (Paavola, L979), rabbit (Bagavandoss er al, rgBB), and human (Katabuchi

et al,1989; Loukides et al,1990), exhibit macrophages in the corpora lutea. There is
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convincing evidence that the numbers of these macrophages increase as luteolysis

proceeds. T-lymphocytes have also been reported in the rabbit corpus luteum

(Bagavandoss eú al, L99O), but have an unknown function in this organ. In addition,

human pre-ovulatory follicular fluid has been shown to contain both T4 and T8

lymphocytes (Hill et aI,I987b; Droesch et al,ISBB).

There are now several repofs from animal species and humans suggesting that

white cell products such as interleukins 1-, 2,3, and tumour necrosis factor a exhibit

either stimulatory or inhibitory effects on steroid production (See 1.5.3.1 and I.5.3.2).

To demonstrate that cytokines play a physiological rather than pharmacological role in

the ovary, it is important to demonstrate that white cells are present in the human

corpus luteum and in sufficient numbers to produce concentrations of cytokines which

could influence the corpus luteum function. The study reported here was undertaken

to identify the leukocyte subpopulations which could potentially secrete cytokines in

the human corpus luteum.

3.2 Materials and Methods

3.2.1 Preparation of tissue section

Ten corpora lutea were obtained prospectively from female patients

undergoing hysterectomy for non-ovarian disease. The mean age of the patients \¡/as

37 years (range 23-55). Corpora lutea were fixed in I07o buffe¡ed formalin and

routinely processed. In six of the corpora lutea, a piece was also snap frozen in

Tissue-Tek O.C.T. Compound in liquid nitrogen and stored at -70oC until tested.

Paraffin sections were stained with haematoxylin and eosin for light microscopic

examination.
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3.2.2 Immunocytochemistry

Immunocytochemistry was performed using the ABC method as described in

2.4 with the following monoclonal antibodies: LCA, ucHl.-l, L26, CD3;Anti-Iæu-

4, Anti-I-eu-2a, Anti-Iæu-3a+3b, Anti-IL-2 receptor, Anti-Leu-7, Anti-Leu-L2,

Anti-Iæu-14, Anit-I-eu-Ml and Anti-Iæu-MS. The source, predominant cellular

reactivity and dilution of antibodies have been introduced in 2.2, Table 2.L and 2.2.

For method details see Appendix II. A positive reaction was demonstrated by a brown

deposit surrounding the cell membrane. The results were analysed by counting the

number of positive cells in a total of 500 cells within a randomly chosen field of a

counting grid on an Olympus BH2 microscope and expressed by the mean and the

mean of standard error.

3.3 Results

Cells positive for monoclonal antibody were observed mainly in three regions

(Fig. 3.1): theca-lutein, granulosa-lutein and loose connective tissue. The latter

region originates from the theca externa and penetrates into the lutein mass, covering

the inner surface of the lutein cells and forming a main component in the centre of the

corpus luteum (Copenhav er, 1964).

Iæukocyte subpopulations detected in human corpora lutea included:

macrophages, cells positive for leukocyte common antigen (LCA), T lymphocytes and

subsets, T helper/inducer (T4) and T cytotoxic/suppressor (T8) cells, activated T (Ta)

cells (IL-2 receptor positive cells), monocytes and natural killer (NK) cells. B
lymphocytes were not found in any human corpus luteum tissue. The density

distribution of leukocytes in the different parts of the corpus luteum was found to be in

the order: thecal-luteal area > loose connective tissue area > granulosa-luteal area.

The number (mean t SEM) of the monoclonal antibody positive cells per totat 500
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lutein cells lutein cells trssue

Fig.3.1 The pictorial illustration of a small porlion from a human corpus luteu. Granulosa-
Iutein cells derived from the granulosa Iayer are large and less darkly stained than the
theca lulein cells, which derive from the theca intera. l,oose conneclive tissue is in a
remnant of lhe follicular caviry (Reproduced from Jungueira et al, l9g6).
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cells in the theca-luteal and granulosa-luteal areas respectively were as follow:

48¡14 and 50t10 for Anti-LeuM5 cells (macrophages);28r5 and 15t6 for LCA

cells; 1,4t6 and 5t3 for CD3 cells (T celts); 15t6 and 2tO.6 for Anti-Iæu3ab cells

(T4 cells); ILt2 and2¡L for UCHL1 cells (T cells); L0+1,.4 and 4tL for MTl cells (T

cells); 7t1'.2 and 2tL for I-eu2a (T8) cells; 3t1 and 3t1,.7 for Anti-IæuML cells

(monocytes) and 1t0.3 and 0.6t0.2 for Anti-Leu7 cells (NK cells). The quantitative

relationship of these cells is shown in Fig. 3.2 ftom which it is clear that the majority

of leukocytes were localized in theca-luteal area There were relatively few

leukocytes in the granulosa-luteal area. A cell border composed mainly of

macrophages, LCA cells and T4 cells was usually seen in the theca-luteal and loose

connective tissue surrounding the granulosa luteal area. (Fig. 3.3a, b and c).

Macrophages were the most common cell type of the leukocyte subpopulations in the

corpus luteum. They represented almost l0%o of the total cells and were equally

distributed in both the theca and granulosa luteal area. Morphologically, the

cytoplasm of macrophages spread widely and was in contact with neighbouring cells

(Fig.3.3a).

I-eukocyte common antigen positive cells were present in this study

representing different types of leukocytes (Fig. 3,3b), excluding macrophages. The

distribution of positive cells was greater in the theca-luteal area than in the granulosa-

luteum area.

There were fewer T lymphocytes (Fig. 3.3c) than LCA cells in the human

corpus luteum. There were more T4 than T8 cells and there were also a larger number

in the theca-luteal and in loose connective tissue than in granulosa-luteal area. The

ratio of T4ff8 was approximately 2:! and L:L in the theca-luteal and granulosa-luteal

aleas respectively and they were found predominantly in proximity to blood vessels

(Fig. 3.3d and 3.3e). In five out of six frozen sections, Ta cells were found only in

loose connective tissue (Fig. 3.3Q where they co-existed with T4 but not Tg cells.
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Monocytes detected were present mostly in the lumen of blood vessels of the

corPus luteum. Very few NK cells could be observed in the theca- and granulosa-

lutea areas.

3.4 Discussion

This is the first study to demonstrate conclusively the presence of a wide range

of white cell types in the human corpus luteum. Macrophages, T-lymphocytes and

monocytes were all detected in significant numbers with very few NK cells in the

tissue. There u/ere no B lymphocytes found at any stage. While the current study

does not comprehensively cover the changes in white cells that occur throughout the

life span of the corpus luteum it does give an indication of a large white cell

population which could potentially produce substances regulating steroidogenesis,

proliferation of cells, and other factors related to the life span of the corpus luteum.

I-ei et al, (L99I) have recently confirmed that there are significant numbers of white

cells, particularly macrophages in both human and bovine corpora lutea.

The human corpus luteum is composed of various regions. The majority of

steroid secreting cells (granulosa-luteal cells) are the main substance of the corpus

luteum. Howeve¡ in the centre there is a region of loose connective tissue that

increases rapidly as luteolysis proceeds. Around the perimeter of the steroid secreting

cells, is the thecal zone, in which there are several cell layers which also appear to

secrete steroids. The predominant sites of white cell distribution were in the junction

between the theca- and granulosa-luteal area and in the loose connective tissue.

However, a significant number of white cells were also found in the main body of

steroid secreting granulosa-luteal cells. The predominant type of leukocyte in the

human corPus luteum was the macrophage subpopulation. Macrophages are found in

many organs in the body and can occupy up to 75Vo of all cells in organs such as the

liver and the spleen (Unanue, 1989). Macrophages have been identified in other
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endocrine organs particularly the adrenal gland, pituitary, thyroid, parathyroid gland,

pineal gland, and testes (Hume et al, 1984). Katabuchi et aI, (\9g9) have suggested

that in the resting stages of the human ovary there are relatively few macrophages but

numbers increase dramatically in the developing follicle and immediately prior to

ovulation. Human follicular fluid contains a significant number of macrophages

(Loukides et a\,1990). The current study indicated that macrophages comprised at

least I07o of the total cells in the corpus luteum, with distribution equally between the

thecal-luteal and granulosa-luteal area. Significant number of macrophages could

also be detected in the central loose connective tissue area of the corpus luteum. Of

particular interest was a concentration of macrophages in the boundary area between

the granulosa-luteal and thecal-luteal cells, indicating that there may be a production

of a chemoattractant by cell types in that area. Herriot et aI (1986), have suggested

that there is a leukocyte chemoattractant in human follicular fluid and this, or a similar

substance may be produced by granulosa-luteal cells. Macrophages extend their

cytoplasm to encourage cell to cell contact with neighbouring tissues. It is therefore

reasonable to suggest that products of macrophages could have a paracrine effect on

cells in the human corpus luteum. Substances known to be produced by macrophages

include IL-L, TNFø, IL-3 and IL-6 (Unanue, 1989). Some of these substances have

been suggested to have effects on ovarian function in other species. The cells of the

macrophage system circulate in the blood as monocytes and subsequently migrate into

various tissues to become macrophages. In the present study a few monocytes were

found mostly localized inside the blood vessels of the human corpus luteum.

The second most common positive staining was with the antibody to leukocyte

common antigen which detects cells of normal lymphoreticular origin, including those

of bone marrow origin (Forbes and Leong, 1987). Cells staining with LCA antibody

were particularly common in the theca luteal area suggesting that in the early corpus

luteum the white cells may first emerge in this area.
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Several reports have suggested that T lymphocytes can be detected in human

follicular fluid, but given the possibility of blood contamination in this fluid at the

time of recovery of the oocyte fot in vitro fefülizationthere has been uncertainty about

the significance of these lymphocytes. The present results are the first definitively to

describe T lymphocytes in the human corpus luteum. Using different antibodies, T4

and T8 cells (the subsets of T lymphocytes) were found in ratio of 2:! in the thecal-

luteal area and 1:L in the granulosa-luteal area. In peripheral blood this ratio is

approximately 2:I (Hill er al, 1987b). There were also a significant number of T cells

in the spongy connective tissue surrounding the steroid secreting cells. It was in this

area that activated T cells were detected by an anti-Il-2 receptor antibody and these

cells corresponded with T4 cells in that area. This indicated that there are functional T

cells in the human corpus luteum with IL-2 receptors permitting the possible effect of

IL-2 on cells of the co¡pus luteum. Small groups of T cells were frequently observed

near the capillaries of the thecal-luteal area, indicating that these cells may migrate

from the blood vessels into the substance of the corpus luteum. One of the most

important functions of the T4 cells is to help the B cell respond to protein antigen.

However, B cells were not found in the human corpus luteum, suggesting that the

presence of the T4 cell is probably unrelated to its normal co-operation with B cells.

Activated T lymphocytes expressing class II histocompatibility antigen have

previously been found in the rabbit corpus luteum (Bagavandoss et al, 1990).

Although IL-z, one of the T-cell-derived lymphokines, has shown an inhibitory

effect on steroidogenesis in vitro (Guo er aI, 1990), the significance of the activated T

cells and T cell-derived lymphokines in the corpus luteum remains uncertain. NK

cells which have the ability to lyse their targets including a range of tumour cells were

also detected in this study. The significance of these cells is also unknown in the

human corpus luteum.

In this study, freshly frozen corpora lutea were used as well as paraffin tissue

blocks which had been fixed with formalin. It has been known from a variety of other
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studies, the antibodies which recognize antigens in frozen tissue are often not effective

in formalin fixed tissue. Using a variety of antibodies which detect antigens of white

cells in formalin fixed tissues, the presence of white cells was confirmed in this study

but their numbers \Ã¡ere considerably less than that of freshly fixed tissue.

Accordingly all immuno-histological studies of this organ would require tissue which

has been snap frozen prior to analysis, which has therefore restricted the accessibility

of tissue. This study has not described the range of white cell changes throughout the

life-span of the corpus luteum, although this is the subject of an ongoing larger study

to describe the time span of infiltration of white cells.

The purpose of leukocytes in the human corpus luteum must remain

speculative. Most attention has been focussed on the ability of white cell derived

cytokines to influence the steroidogenic potential of the ovary during the life-span of

the corpus luteum. There is also considerable evidence that macrophage derived

cytokines may influence the steroidogenic potential of the developing colpus luteum

as well as many other physiological functions (prostaglandin production, blood flow,

protein production, etc.) which occur in the corpus luteum and may also be regulated

by white cell function. The presence of white cells in the ovary, led to the decision to

investigate whether cytokines, the products of white cells, are present in the human

ovary.
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CHAPTERFOUR

CYTOKINE DETERMINATION IN HUMAN FOLUCULAR
FLUID

4.1 Introduction

As described in chapter 3, immune cells have been identified in the human

corpus luteum. The aim of the next study was to see whether cytokines, products of

the immune cells, are present in the human ovary. Investigations could be directed to

determine of cytokines in whole ovarian tissue or in the ovarian functional units, i.e.

the follicle and corpus lutuem. In this chapter, study was performed to examine the

presence of cytokines, IL-L, IL-Z and TNFø in human preovulatory follicular fluid,

which was more accessible than tissue. The follicular fluid was available from

patients on the ín vitro fertilization-embryo transfer (IVF-ET) prog¡amme.

Cytokines, IL-L, IL-2 and TNFø have been shown to have an action on ovarian

function (see 1.5.3). The determination of ovarian cytokines is therefore important to

understand their physiological roles in the ovary by their paracrine or autocrine

mechanisms.

4.2 Materials and Methods

4.2,1 Collection of follicular fluÍd and blood

Blood-free samples of follicutar fluid were obtained from preovulatory

ovarian follicles of 29 patients participating in the IVF programme at the Reproductive

Medicine Unit, The Queen Elizabeth Hospital (excluding patients with potycystic

ovarian disease). For measurement of immunoreactive IL-1 and IL-Z, a total of 46

fluid samples were divided into two groups. Group I contained 20 specimens from 20

individual patients and group II had 26 fluids from 7 patients (2 to 7 in each patient).
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For the measurement of immunoreactive and bioactive TNFa-levels, a total of 32

fluids were selected from 9 patients Q to 7 f¡om each patient). Contamination by red

blood cells in these samples was confirmed microscopically to be <4x105 cells/ml,

which is probably less than IVo of normal circulating values (Tietz and Finley, 1983).

All follicles in group I were > 1-5mm in size and every sample was matched with a

plasma sample taken at the same time from the same patient. The collected samples

\¡/ere frozen at -20oC until assay. The stimulation protocols used was a

gonadotrophin releasing hormone agonist (leuprolide acetate) with HMG, as described

previously (Kerin et al,1984; Norman et al,I99I).

4.2.2 fmmunoassays

Immunoassays used in this study included RIA's for lL-rB, rL-z, TNFa, p4

andB2. For details of these assays see 2.8.

4.2.3 TNFa Bioassay

TNFa was assayed in a cytotoxicity assay employing the TNFa sensitive cell

IineL929 as described by Matthews and Neale (1987). Duplicate serial dilutions were

incubated with 2x1,04 L929 cells in 200p1of RPMI-FBS and 4mglI- cycloheximide

overnight in flat-bottomed 96-well microtitre trays. Cell lysis was measured by

methyl violet uptake (0.57o in 20%o methanol for 10 min at room temperature).

Incorporated dye was dissolved in 5O7o acetic acid and quantitated by measuring

absorbence at 570nm using a multiwell ELISA reader. The assay was standardized

against recombinant cytokine and the minimum detectable amount was 117.6pmol4

(equal to 2pgTNFoy'L, spelL gave 507o cytolytic acrivity).

4.2.4 Specificity of the assays for interleukins

The cross-reactivity of the antisera for the interleukins has been reported

previously (see 2.8.1, 2.8.2 and 2.5.3). All samples tested showed parallelism with

the standards, suggesting identity between the substance being measured and IL-L or
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IL-2 or TNFa. Several samples of follicular fluid and plasma from the same patients

were lyophilized and applied to a Sephacryl 5200 column (dimensions 1.3 x 35.4 cm)

in 0.05 M ammonium acetate buffer. The column had previously been calibrated with

molecular weight markers and the elution volumes of recombinant [125I]IL-L and

Í25\rL-2 in carrier protein determined. Both recombinant ¡rz5¡11y-1 and

immunoreactive material from follicular fluid and plasma eluted at M¡ 23 000 (Fig.

4.La). A single peak of IL-2 immunoreactivity eluted at Mr 23 O00, while the

radioactive recombinant material eluted at Mr L6 000 (Fig. a.lb). The differences

between radioactive and immunoreactive IL-2werc attributed to the glycosylation of

the natural (follicular fluid) material and the subsequent effect on mobility in a gel

column. It was concluded that immunoreactive IL-1 and IL-2 conesponded to

authentic material in follicular fluid and blood. Chromatography was not performed

for TNFø because of it's scarce supply.

4.2.5 Analysis of Data

The data \Ã'ere normally distributed and expressed as the mean t sEM.

Statistical analysis \ryas performed using Students t'-test and pearson's linear

correlation analysis. Statistical significance \ryas accepted at P<0.05 for two tailed

analysis.

4.3 Results

4.3.1 [--l andlL-2

Group I
This group contained twenty specimens from 20 individual patients. The

volume of follicular fluid collected in this study ranged from 1.5 to 13.5m1 per follicle

(Table 4.1).
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Table 4.L Concentrations of IL-1, ÍL-2, P4 and EZin Fotticular Ftuid and Plasma
(Group I)

Case

No.
Vol. of
Follicle
(ml)
(A)

lL-r @mol/l)
F.F. plasma

II -2 þmol/l)
F.F. plasma

(B) (c) (D) (E) (F) (c) Gr) (r)

11

72

13

74

15

76

I7
18

79

2ß

Mean
SEM

1.5

1.8

3.0
3.2
3.9
4.0
4.5
4.5
5.0
5.6
6.5
7.2
7.5

9.0
8.0
8.7
9.0
9.7
9.7
13.5

6.3

0.68

40.1
74.5
89.8
40.9
51.8
87.6
67.7
91.5
3.6
?5.9
0.36
63.5
6.6
78.6
75.7
71.3
44.8
65.6
55.3
73.7

58.7
5.8

0.027
0.03
0.04
0.02
0.02
0.003
0.013
0.022
0.02t-_,

0.028
0.016
0.01
0.01
0.02
0.02
0.04
0.01
0.02
0.05
0.01

6.3
10.3
6.0
9.0
9.5
10.3
4.3
9.3
0.8
0.8
8.8
8.3
10.0
7.5
4.0
8.3
11.5

5.3
9.5
2.5

0.004
0.m4
0.070
0.011
0.00s
0.011
0.004
0.015
0.008
0.008
0.009
0.006
0.003
0.070
0.011

0.006
0.002
0.00s
0.013
0.004

52
52
40
56
50
43
58
50
62
65
62
68
62
58
88
68
86
65
68
62

61
3

30
32
25
43
23
25
30
30
38
36
32
38
30
36
50
36
38
43
52
50

35
2

20
18

18

18

13

18

18

16

t7
16

19

20
20
20
25
20
17

22
77

18

6
9
15

9
J

8
9
11

9

6
9
ll
9
9

12

l1
6

t]
9

8

9

0.1

1

)
3

4
5
6
7
8
9
10

19

0.4
0.02
0.002

6.7
0.8

0.007
0.0007

F.F. Follicular Fluid
Significant differences (P<0.001) were found between B and c, D and E, F and G, H and I.
Significant posilive conelations (P<0.001) were found belween A and D (r=0.66), A and E (r=0.59), B and
C (r=0.56), D and E (r=0.65).
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IL-1 concentrations in follicular fluid ranged from 3-17pmol/l (mean gpmol/l)

in follicular fluid and from 13-25pmol/t (mean 19pmol/l) in plasma (Table 4.I). IL-l
concentrations wete significantly higher in plasma compared to follicular fluid

(P<0.001). There was a positive correlation between the follicular IL-L and plasma

IL-L concentrations (r=0.56, p=0.01). The mean IL-2 concentration was 35pmol/l

(2.3-52pmol/l) in follicular fluids, and 61pmol4 (a0-88pmol/l) in plasma (Table 4.1).

There was a significant difference between follicular fluid and plasma tL-2 (p<0.001)

and a positive correlation between follicular and plasma concentrations (r=0.65,

P<0.01).

A positive correlation was found between the volume of follicular fluid and

lL-Z levels in follicular fluid (r=0.66) or plasma (r=0.59) (P<0.001). No similar

significant correlation was found between the volume of follicular fluid and IL-1

levels in fluid or plasma.

In contrast to IL-1 and IL-2, follicular fluid P4 and E2 concentrations were

much higher than those in plasma (3000 fold difference in P4 and 1000 fold difference

inB2, P<0.001, Table 4.1). Follicular fluid P4 values ranged from 0.36 to 9I.Spmol/l

with the mean value of 58.7pmolll and plasma p values ranged from 0.003 to

0.05¡zmol/l with the mean value of 0.02pmol/1. Follicular E2 levels were from 0.8 to

Il.S¡tmol/l with the mean of 6.7pmolll and plasma levels were from 0.002 to

0.070¡zmol/l with the mean of 0.007pmol/l (Table 4.1). There was no significant

relationships between IL-L, IL-2 and the follicular fluid steroids. To further

investigate whether follicular fluid volume related to cytokine concentrations, IL-1,

IL-2 and the steroids were measured in 7 patients when a size range of follicles were

aspirated.
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Group II
This group had 26 fluids from 7 patients (2 to 7 in each patient). The follicular

volume, IL-'J',IL-z, P4 and E2 concentrations are shown in Table 4.2. There\ryas no

significant correlation between cytokines and steroid levels, or between follicular

volume and cytokines or steroid concentrations.

4.3.2 TNFø

In a total of. 32 samples of follicular fluid from 9 patients the mean

concentration of TNFa in follicular fluid was from l2-4Ipmol/l with the mean of

2L.2 t L.2pmol/I (Fig a.Ð. Bioactive TNFa was not detected in any sample of FF

previously stored at -70oC. The experiment was repeated using fresh FF; 5/5 samples

showed bioactivity close to the lowest standard equivalent to which was 1L7.6pmol/1.

The mean follicular fluid volume was 6.gml (range z-r1,.4) and the mean

concentrations of P4 and E2 in these fluids were I3.2tL.I¡tmol/l (from 1.9 to

23.8pmolt) and 2.3t0.3pmolll (from 0.r. ro 4.9pmol/t) respectively (F\g. a.z). No

statistically significant correlations were found between concentrations of TNFa and

follicular volume (r=0.10, p=0.59), P4 (r=0.11, p=0.56) or E2 (r=0.1 p=0.59)

concentrations.

4.4 Discussion

The presence of immunoreactive IL-1, IL-z and TNFa in human follicular

fluid has been confirmed in this study; concentrations of IL-1 and IL-2 jnfollicular

fluid were approximately one-half of those in plasma. The possibility that the IL-1,

IL-Z and TNFa are derived from direct blood contamination during follicle aspiration

can be excluded because the red blood cell counts in these fluids were absent or very

low. Evidence is presented that immunoreactive cytokines corresponded with

authentic natural cytokines based on antibody specificity, parallelism with authentic

standards and chromatographic mobility (except TNFa).
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Table 4.2 Concentrations of IL-1, fÍ,-2, P4 and E}inFollicular Fluid
(Group II)

C-ase Vol. of
Follicle
(mD

IL-l(pmoll) llz(pmoVl) pa @rnoVl) E2emot/t)
No.

34
6L
31
31
u3
58
26
31
34
62
34
51
34
68
62
68
31
75
52
64
22
34
38
38
34
22

2
3
4
6
6
7
I
)
3

3

4
5

7

2
6
8
10

5

6
11

3
8
J

11

8

l1

1

",

3

4

8.8

10.0
9.6
7.6
8.8
7.6
9.4
8.0
7.8

?.s
6.6
7.8
9.4
8.0
7.6

8.0
6.4
8.4
7.8

9.6
7.8
5.6
8.0
8.0
10.0
9.4

5.7
7.0
8.2
73.2
10.6
72.5
10.8
11.9

t4,t
22.4
22.r
20.2
11.9
16.3
7.7

14.8
4.2
9.9
8.2
8.3
1.9
5.8
13.8
14.2
23.8
13.2

2.6
2.1
1.9
2.8
3.2
1.9
2.6
r.3
0.9
0.s
1.0
1.1

0.9
2.3
3.2
2.3
1.5
')a
3.4
2.8
r.3
0.1

0.6
1.1

4.9
4.9

5

6

7

There was no positive correlation found among these results.
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The origin of the follicular fluid cytokines remains undetermined from this

study. Macrophages, the IL-L and TNFø producing cells, have been identified in

human follicular fluid (Inukides er al,I99O) and the corpus luteum (Le,i et al, !991;

chapter 3), while T lymphocytes, including activated T lymphocytes which secrete IL-

2, have been recognized as one of the cellular components of human follicular fluid

and corpus luteum (Hill er al, L987b; Droesch et al, 1988; and chapter 3). A recent

study has confirmed that ovarian theca-interstitial celt is a source of IL-L in the rat as

lL-l'P gene expression has been detected from these cells (Hurwitz et aI, I99l). If
these cytokines were produced by the developing follicle, it might be expected that

increasing concentrations would be found in the larger follicles. In group I, the 20

samples of fluid came from different sizes of follicles from different patients. A

significant positive correlation existed between the volume of follicular fluid and IL-2

levels, indicating that a possible mutual relationship may exist between the

development and maturity of the follicle and IL-2 concentrations (i.e. an increasing

size of follicle may lead to increasinglL-2 concentration, or IL-2 may be one of the

factors related to promoting follicle growth). However, this finding was not

confirmed in group I[, nor for IL-L and TNFa. This does not disprove an ovarian

origin for IL-1, IL-2 and TNFa and their possible physiological role as there was no

indication of a progressive increase in oestradiol as the volume of follicular fluid

increased, nor was there a positive correlation between the volume of follicle and

oestradiol and progesterone levels in follicular fluid. This is consistent with previous

observations that the largest follicle is not necessarily the most steroidogenic

(Bomsel-Helmreich et al, L979; Carson et al,1982). In addition, if the cytokines are

produced predominantly in the stroma or thecal area, follicular fluid may not

adequately reflect the production of these products. The low bioactivity of TNFa may

relate to the limited working range of the TNFa bioassay because mean level of

immunoreactive TNFø \Àrere 20.0pmol/l but the lowest standards of the TNFa

bioassay was close to 117.6pmol/l therefore limiting the value of this assay to detect

bioactive TNFa in the follicular fluid.
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There was also no obvious relationship between the cytokines and both

oestradiol and progesterone in follicular fluid or plasma, as assessed by simple

correlation statistics. This questions any role that IL-l,, IL-2 andTNFa may have in

the regulation of steroidogenesis in the stimulated preovulatory follicle. Other growth

factors, such as epidermal growth factor and insulin-like growth factor-I, have also

been found in human follicular fluid but also do not show a correlation with steroid

concentrations (Westergaard and Andersen 1989; Rabinovici et aI, I99O). However

IL-1, IL-2 and TNFa in cultured rat or porcine granulosa cells, at the lowest

concentrations (IL-L 2Spmol/I equal to 0.05pgÄ Fukuoka et aI, 1989; yastda et aI,

L990; rL-z, 1.86nmol/l equal to 28pgll, Kasson and Gorospe 1989; TNFa 5.9pmol/l

equal to O.lpgll, Adashi et al, 1989b) show an effect on steroid producing function

including LHACG receptor formation, cAMP accumulation and production of

oestrogens and progestins. These effective concentrations are, at least, very close to

the detectable levels of IL-1 and TNFø in the current study. Therefore, the in-vitro

effects of IL-1, IL-Z and TNFa on steroidogenesis (see 1.5.3) and the presence of

these cytokines in human preovulatory follicular fluid suggests the possibility that

those cytokines may play regulatory roles in ovarian physiology invivo.

In summary, the current study has shown that IL-1, IL-Z and TNFa are found

in follicular fluid in the concentrations range known to have effects upon ovarian

steroidogenesis ir vitro. Their role in ovarian physiology requires investigation.
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CHAPTER FIVE

INTERLEUKIN-2 EFFECTS ON GONADOTROPHIN-

STIMUI"ATED PROGESTERONE PRODUCTION AND CELL
PROLIFERATION BY HUIVIAN GRANULOSA-LUTEIN CELLS

5.1 Introduction

The reported studies in chapter 3 and 4 showed the presence of immune cells

and cytokines in the human ovary. It becomes important therefore to investigate

whether cytokines have any function in the ovary. Previous studies on tL-1, and1L-2

on gonadotrophin dependant ovarian steroidogenesis were in animal cell culture

systems. In these species IL-l has both inhibitory or stimulatory effects on

steroidogenesis at different stages of granulosa cell differentiation (see 1.6.3.1) while

IL-2 significantly enhances FSH-stimulated production of progesterone (p4) or the

20-hydroxy-progesterone, but it does not affect FSH-stimulated oestrogen

production or LtL/hCG receptor induction in rat granulosa cell culture (Kasson and

Gorospe, 1989). However, Gottschall et al (1988b) and Fukuoka et al (19gg)

described no effect of.IL-Z on FSH-stimulated and LH-stimulated P4 production or

LH receptor development f¡om both rat and porcine granulosa cells. The reason for

studying these compounds is the presence of significant quantities of macrophages and

T lymphocytes in the corpus luteum. In addition, the effects of lymphocyte

conditioned medium was examined as this contains a range of cytokines rather than a

single factor and may be more "physiological" than using recombinant hormones.

It is not known if human granulosa cells are similarly influenced by cytokines.

The purpose of the present study is therefore to examine the effect of human IL-1 and

lL-2 on human granulosa-luteal cell differentiation with or without hCG stimulation.

These results in vitro could contribute to the understanding of both normal regulation
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of ovarian steroidogenesis and provide insight into the possible causes of abnormal

corpus luteum function during pregnancy and in luteal phase defects.

5.2 Materials and Methods

5.2.1 G."oulor"-L.t.io c.ll coll."tioo 
"od 

c,rltu.. M.thod

The details of collection and culture procedure of granulosa-lutein cells

have been described in2.6.2 - 2.6.3.

In order to observe the effect of cytokines on granulosa-lutein cells in the

present study, 2.5-5 X 105 cels were seeded in each well with 1ml MEM-FBS or

M199-BSA (Appendix IV). Media was changed every 48 hours. On the morning of

the fourth day of culture, 0.1m1 of hcG, IL-l, rL-z, conditioned media with MI_A-
'l'44, ot forskolin were added to four to six wells per treatment. At 24 or 4gh hours

later, the culture media was collected f¡om each well and stored at -2}oCuntil assay

for P4 and cAMP.

5.2-2 [3H] Thy.idin. rn.o"po.utioo ioto G'"orrlo*"-l.rt.in 
".11,

In some experiments, cell proliferation effected by cytokines was observed by

the assay of 3H-thymidine incorporation (see 2.5). kr brief, at the end of the co-

culture period with hCG andIL-2, or at various other days of cultures, 0.5uCi of 3H-

thymidine was added to each well. Cells were harvested on an automatic Cambridge

Cell Harvester after 6 hours incubation and 3H-thymidine incorporation was

determined by liquid scintillation counting.

5,2.3 The Preparation of Conditioned MedÍa from ML _144 Cell Line

and Human Peripheral Blood Leukocytes

Two forms of conditioned media (cM) called MLA-CM1 and MLA-cMz
were ptepared from MIÁ. L44 cell line (gibbon T-cell line, which produces high
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concentration of rL-2 in vivo). Briefly, MI-A-CMI was obtained from 5 x 106

lv/'LA-L44 cells incubated with RPMI-FBS (see 2.7 and Appendix vI). cM2 was

similar to MIA-CMI but the cells were mitogen stimulated using 4pg/m|of purified

phytohemagglutinin (PFIA) and lOng/ml of phorbol myristic acetate (pMA). A further

medium (HPL-CM) was obtained from mitogen stimulated human peripheral blood

leukocyte culture which contains most leukocyte subpopulation. Control conditioned

media (control CM) were made up by addition of a range of concentrations of pHA

(up to aÙpglml) and PMA (up to 100ng/ml). All mitogen incubated media (MLA-

Cl'f2) were extensively dialysed before use (see 23 fot details).

ImmunoactivelL-Z concentrations as determined by specific human IL-2 RIA

(see 2.8.2) were 986pmol/l in MLA-CM1, 366pmol/l in MLA-CMZ and 653pmol4

in HPL-CM' (Th" immunoactivity of gibbon IL2 in the RLA was not determined and

the signifi@nce of these results uncertain). Background concentrations of IL-2 in
MEM-FBS and in media from control granulosa-lutein cell culture were less than

2ípmolllwhich is the lowest point of the IL-2 standard curve.

s.2.4 RrA

RlAs for rL-z, cAMP and p4 have been described jn 2.g.2, 2.g.4 and z.g.S

respectively.

5.2.5 Data Analysis

Each experiment was repeated 2 to 7 times, using different patient samples.

Progesterone concentrations (nmol/per 5x105 ce[s) were expressed as the mean and

SEM. Student's t and Wilcoxon test were used, depending on parametric or non

parametric distribution of data. Significance was assigned at 57o levels for two-tailed

statistics.
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5.3 Results

5.3.1 The effect of CM with or without hCG on progesterone production

from granulosa-lutein cells

Conditioned media (0.1m1) added to 5 X 1Q5 granulosa-lutein cells in 1ml

culture media significantly increased P4 production in MLA-CM1 cultures compared

to controls (P<0.001-, Fig. 5.1). Cells cultured in MI-A-CM2 demonstrated reduced

P4 production compared to MLA-CM1 (P<0.001) but not compared to the control

wells (Fig. 5'1). HPL-CM significantly inhibited P4 production compa¡ed to control

wells and MLA-CM2 (Fig. 5.1, P<0.05). Progesterone production stimulated by 5iu

hcG was significantly inhibited by MLA-GM2 and HpL-cM (p<0.001) bur was nor

influenced by Mr,A-cM1 (Fig. 5.2). control cM did not show any effect on p4

production.

5.3.2 The effect of II -2 with o' without hCG or FK on orogesterone

nroduction

The possibility that the regulation of P4 secretion in the cytokine conditioned

media was attributable to IL-Z was investigated using recombinant material.

Preliminary experiments indicated granulosa cells were most sensitive to stimulation

of hCG after day 4 of culture (see 2.6.4). Although addition of rL-2 (2.6 to

2600pmol/l) for 24 hours at this time did not show any change in P4 levels compared

to control values, all concentrations of IL-2 significantly inhibited P4 secretion from

those cells stimulated by 5iu of hCG (7 cases, p<0.01) (Fig. 5.3). A dose-dependent

inhibitory relationship \¡/as not obvious in those experiments. To show that this effect

was not due to constituents of the FBS, the experiment was repeated with serum-free

medium (M199-BSA Fig. 5.4) where a similar finding was shown although values

were lower.
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The mechanism of IL-2 effect on hCG-stimulated P4 production was further

investigated by addition of the adenylate cyclase stimulator, forskolin (FK) which

should stimulate accumulation of the hormone second messenger, cAMp.

Concentrations of cAMP in medium from cultured cells were significantly increased

by FK (100pmol4) (P<0.05, Fig. 5.5). Forskolin increased P4 production bur rhe

enhanced P4 level stimulated by FK was also significantty inhibited by 260pmolIIL-

2 (P=0.01) (Fig. 5.6). This effect however was not mediated through decreased cAMp

since the FK enhanced cAMP level (p<0.05, compared to control) was not influenced

by IL-2 (p>0.05, Fig 5.5).

5.3.3 rL-2 effects with or without hCG on granulosa-lutein cell

proliferation

To determine whether altered P4 secretion resulted from an effect of IL-2 on

cell proliferation, this parameter was assessed using 3H-thymidine incorporation. In

these experiments, granulosa-lutein cells were cultured for eight days and, hCG alone,

IL-2 alone, andlL-2 with 5iu hCG were added to cultures lor 24 hours on days 2, 4,

6 or 8. At the end of co-culture, 3H-thymidine incorporation was performed as

described previously (see 2.5). Cells stimulated by hCG alone did not show any

increased proliferation on any day of culture compared to the results of control

samples. Interleukin 2 alone, at 26pmoL/1, increased cell proliferation on days 2, 4 and

8 of culture compared to the control (P<0.001, Table 5.L) and with 5iu of hCG also

showed significantly stimulatory effects on cell proliferation on days 2, 4 and B

compared to 5iu hCG alone (p<0.001, Table 5.1).

5.3.4 The effect of rt,-l with or without hcG on p4 production

The possibility that the inhibitory activity observed in HpL-CM was

attributable to IL-L (which would be present in HpL-cM, but probably not in Mr,A



100

140

lZO

100

80

60

40

20

25

20

15

l0

cAMP fmol,/Sxl0s cells

Control

{.

0

100 pmolrr 100 ¡rmor FK/ 260 pmot tL-Z

cAMP concentrations (mean a SEM) in granulosa-lutein cell culture (3 cases). FK
significantly increased cAMp secretion (*p<0.05). Recombinant human IL-2
(260pmovl) did not influence rhe srimularory effecr of FK (100¡rmol/l) (p>0.05).

Fig.5.5

Progesterone nmol/Sx1 Os cells

Control 100 ¡rmotrK 100 pmot FK/z6o pmot tL-Z

Recombinanl human IL-2 inhibits the stimulatory effecr of FK on progesterone
production (mean 1 sEM; 3 cases). Significant differences were found behveen
control and 100/mol,4 FK-lreated wells (*p<0.05) and berween 100pmol/l FK-
treated wells and '2.60pmoul IL-2 wirh l00pmol.4 FK-treared wells (p<0.01).

*

5

0

Fig.5.6



101

70

60

50

40

30

?o

10

Progesterone nmol/5xl 0s cells

Control 30 pmol 5iu hCG rL-1lhcc

The effect
production
There was
or between

Progesterone nmol/5x1 0s cells

o.6 0.6 60 pnol/I IL-1
5 iu/*t hcc

The incubation human recombinanl IL-l wilh human granulosa-lutein cell cullure
with serum-free medium. IL-1 did not show any significant effect on progesterone
secretion (mean 1SEM, 1 case).

0

Fig.5.7

'¡ 6

14

12

l0

o

6

4

2

0

6

0

0
0

0.06
0 0

60
0

0 0.06
5

6

5

Fig.5.8



LO2

-CMt or MLA-CM2 since T cells are not a source of IL-1) was investigated using

recombinant IL-1. However, IL-1 concentrations (from 0.06 to 60pmol/l) with or

without hCG (Siu/ml) cultured with cells for 24 hours did not show any significant

effect on P4 secretion. Further experiments were performed with 3pmot/l ¡¡-1 and

Siu/ml hCG incubation with cells for 48 hours. There was no significant effect of IL-
L on progesterone production in either serum containing medium (Fig. 5.7) and serum

free medium (Fig.5.8).

5.4 Discussion

The objective of this study was to examine the putative contribution of

cytokines secreted by macrophages and T cells which have been shown to be present

in human ovarian tissue and follicular fluid. Preliminary studies of cytokine action on

granulosa cell function in other species has indicated that they may play an important

role in ovarian steroidogenesis along with other paracrine and autocrine regulators in

the ovary (see 1.3.4.3e and 1.5.3).

The experiments described utilised cells obtained from follicular fluid in

women undergoing IVF. The luteinized cells wete grown in culture with or without

added hCG and the effects of CM and recombinant cytokines on P4 production were

studied. Fisch et ø1, (1989) have shown that the results of this type of cell culture

correlates well with events occurring in vívo in the corpus luteum. In the present

study, [3U] ttty*idine incorporation into cells and progesterone secretion into media

indicated ongoing cell proliferation and normal steroidogenic function. In the

previous study, addition of hCG to the cultures on different days (see 2.6.4.4) reflected

the capacity of cells to respond to hCG stimulation over the time period studied and

was in accord with previous reports (Polan et al, L9B4; Fisch et at,l9g9).
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Table 5.1 [3H] Thymidine incorporation (counrs per min) in granulosa-luteal cells

DAY

8
n 4 6

Control
5 ir¡/ml hCG
'2ÁpmolllÍL-2
2ßpmol/l IL-2 with

5 iu/ml hCG

2119 (774)
t7t7 QzA)
3U2(28s)
24e3 (16e)

32se (166)
3s4t Q23)
st41Q12)
s283 Q34)

e0e4 (10e1)
8806 (13ee)
87ls (7qr)
6734 (623)

14,42e (1s8e)
t6,s40 (74s)
16,608 (1610)
27,229 (1729)

Values are lhe mean (SEM). The experimenls were carried out for 8 days (two casas). Celts
were cultured with hcG, rL-2, or hcG plus rL-2for 24 hon days2,4, 6, and g. At the end of
the culture period [3H] ttrymi¿¡ne inco¡poration was performed. Significant differences were
found between conrrols and 26pmolll rL-2 on d,ays 2,4, and g çrco.oor¡, berween 5 iu/ml
hCG and 26pmo/1ll-2 with hC13 on days2,4, and g (p<0.001).
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Conditioned media showed different effects upon P4 production. Initial

experiments using media conditioned by MLA-CM (obtained from the cultures of

gibbon T cells) and mitogen-activated human peripheral blood monocytes

demonstrated that leukocyte products are able to modulate P4 production by

granulosa-luteal cells. In the case of MIÁ.-CMI, at least, its products are non-

dialysable and hence likely to be proteinaceous in nature. All three CM used

contained high concentrations of immunoactive IL-z, but also should have a variety of

other cytokines (see L.2.2.2). Different effects on P4 synthesis were observed with the

different CM's. Stimulation with MLA-CM1 as compared with inhibition caused by

MLA-CM2 and HPL-CM may reflect an interaction of synergic cytokine activities.

Other non-dialysable products of the activated leukocytes may be responsible for the

inhibitory effects observed in the experiments described here. Toxicity from residual

mitogens was ruled out as a possible cause since control CM previously treated with

PMA or PIIA at a variety of doses had no effect on steroidogenesis and the media was

extensively dialysed before use. It therefore became important to examine the effects

of individual cytokines separately using recombinant products.

Recombinant IL-2 by itself in concentrations similar to those in CM did not

influence P4 secretion by cells in the absence of hCG. Howeve4 IL-2 had a

significant influence on gonadotrophin induced P4 secretion even at small doses which

was closed to the physical concentration in the human preovulatory follicutar fluid

and, may account for at least some of the inhibitory activity observed in the

experiments with MLA-cM2and HPL-CM. This effect was studied furtherwith FÇ

a stimulator of adenylate cyclase and, hence, cAMP. Interleukin 2 also had a marked

inhibitory effect on FK-induced P4 release but did not influence the increased cAMp

level stimulated by FK. This suggested that the influence of IL-2 on P4 synthesis

may be downstream in the signal transduction pathway from cAMP activation. The

inhibitory effect of lL-2 on hCG-stimulated P4 production was not an indirect result

of cytotoxicity, since [3H] thymidine incorporation demonstrated that, on the contrary,
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IL-2 has a mitogenic effect on cells. A dose-dependent relationship between IL-2

and inhibition \Ã'as not observed over the concentration range studied (26-

2600pmol/t), but may have become apparent at lower and higher IL-2 concentrations.

Clearly many other cytokines could interact with IL-1 andIL-2, and are of the main

products of macrophages, TNFa, is another important candidate requiring

investigation. The effects observed with conditioned media are different in character

from those obtained with recombinant IL-z, suggesting that other leukocyte products

may moderate or over ride the influence of IL-2; these need to be investigated. These

results are evidence that the actions of human recombinant IL-2 are not limited to

target cells of the immune system and indicate a potential role in the regulation of

ovarian cell proliferation and function.

IL-L apparently did not influenceP4 production under the conditions studied

whether added with hCG or not. Fukuoka et al, (1988, 1989) previously reported that

IL-L inhibited P4 secretion in porcine granulosa cells but the species difference and

the unluteinized nature of their cells may be important in explaining the apparent lack

of effect of IL-1 on human luteal cells.

When human granulosa-lutein cells were cultured in serum free media, their

ability to provide progesterone was obviously reduced which may suggest the essential

role played by serum precursots such as androgens and LDL cholesterol in this

culture. However, similar findings of effects of hCG, IL-L and IL-2 onthese cells in

serum free medium \¡/ere further confirmed suggesting the observed effects of IL-l
andrL-Zwere not a result of serum but of the added cytokines themselves.

While the physiological significance dn vivo of these findings remains

uncertain, the following conclusions can be made. 1) Human lymphocytes produce

substances that alter granulosa-luteal cell proliferation and steroidogenesis in vitro

and by extension may do so in the ovary especially the corpus luteum. z) IL-z
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exhibits a gonadotrophin-dependent effect on stimulating mitogenesis, while

inhibiting steroidogenesis in the ovary. 3) Other white cell-derived products may also

modify the proliferation and function of progesterone-secreting cells. These

conclusions result from in vitro experiments, and it is important to evaluate their

significance in vivo.

These results extend previous reports on the effects of cytokines, suggesting a

physiological influence on the human granulosa-luteal cell. Concentrations of IL-1

andlL-2 in human follicular fluid are of the same magnitude as those used in vitro in

this study (chapter 4), and the influx of lymphocytes and macrophages into the ovary

before and after ovulation would provide a source of production of cytokines to affect

steroid-secreting cells. A recent study has shown markedly higher circulating serum

concentrations of lL-2 in pregnancy compared with those in nonpregnant subjects

(Favier et ø1, 1990), and while the source of this remains uncertain, elevated

concentrations of lymphokines could also have a significant influence on the ovary,

possibly by modulating the effect of hCG.
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CHAPTER SIX

TUMOR NECROSIS FACTOR ø: EFFECTS oN
GONADOTROPHIN-STIMUI"ATED PROGESTERONE

PRODUCTION AND CELL PROLIFERATION BY HUMAN

GRANULOSA-LUTEIN CELLS

6.1 Introduction

Tumour necrosis factor a (TNFa) is a cytokine with pleiotropic actions on

several cell types. It is produced by leukocytes, particularly macrophages, and by

several cells not classically associated with the immune system such as smooth muscle

cells (Beutle, 1988). Local communication between immune cells and endocrine

glands has been inferred in several animal species and in the human (Adashi, 1990).

In particular, the roles of macrophage-derived cytokines such as TNFa and

interleukin-l, have been investigated following the finding of a large population of

macrophages in the stroma surrounding the preovulatory follicle (Hume et at, L9B4)

and inside the corpus luteum (Bagavandoss ef aI, L990 and chapter 3). As discussed

in I.5.2-2, TNFa has been reported to be secreted from the corpus luteum during in

vitro incubation of rabbit corpora lutea, and by cultured human granulosa-lutein cells

(Roby et al,1990). Furthermore, specific binding sites for TNFa on swine granulosa

cells were recently demonstrated by Veldhuis et al (I99I). The effects of TNFa alone

or in combination with gonadotrophic hormones on ovarian cells seem to vary

between species and cell preparations used (see 1.5.3.2). TNFa decreases FSH-

stimulated aromatase activity (Emoto and Baird, 19gg), and LH-stimulated

progesterone (P4) production (Adashi et aI, 1990) in cultured granulosa cells from

diethylstilbestrol-treated rats. TNFø alone stimulates steroidogenesis in incubated

preovulatory follicles from the rat (Roby and Terranova, L990) by action on theca

cells but inhibits hCG-stimulated androgen accumulation in cultures of
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thecdinterstitial cells from immature rats (Andreani et al, 1991). In the present

chapter we extend these observations to human granulosa-lutein cells in culture.

6.2 Materials and Methods

6.2.1 collection and culture of human granulosa-lutein cells

The details of collection and culture of granulosa-lutein cell have been

introduced Ln2.6.2 and2.6.3. In the present study, cells (3x105¡ were seeded in each

well in Lml MEM with IïEo Fetal Bovine Serum (Appendix IV) or under serum-free

conditions in medium M199 with0.L7o Bovine serum albumin (Appendix IV). There

were three to five replicate wells in each experiment. Each experiment was repeated

at least three times using individual samples.

In order to determine if recombinant human TNFø on its own, affected

production of prostaglandin E2 (pGE2) and prostaglandin F2¿ (pGF2a), the cells

were cultured for periods of up to 48h in either serum-containing or serum-free

medium. To investigate the possible role of TNFa on basal and hCG-stimulated p4

accumulation the cells were cultured in serum- containing medium for 24,48 and72h

with or \¡/ithout TNFa (6-6000pmol/l). The effects on P4 by TNFa with or without

hCG were also tested during the subsequent 24h periods starting from 73 and 97h,

because of the better response of human granulosa-lutein cell to hCG after 2 to 3 days

in culture (see 2.6.4.4). In other experiments, cells were incubated with MI99-0.LT,

BSA for 48h, followed by incubation in TNFø with or without hCG in MI99-0.IVo

BSA for 48h. To measure TNFa production, the cells were cultured for periods of up

to 48h, with or without hCG (sIU). The media were stored at -70oC until further

analysed.
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6.2.2 [3II] ThymÍdine Incorooration into Granulosa-lutein Cells

To assess the effect of TNFa on cell proliferation, granulosa-lutein cells were

incubated in various concentrations of TNFa for 48h before the addition of 0.5¡rCi

[3H] ttrymidine for the [3¡¡1 thymidine incorporation test (see 2.5).

6.2.t RrA

RlAs for immunoreactive TNFa and P4 have been described in 2.8 and 2.8.5.

PGEZ and PGF2a \ilere measured by RLA as described previously (Kelly et al,1986;

Reddi et al, L987). In brief, PG assays utilized the competition between unlabelled

PGs and the fixed quantities of 3H-labelled PGs for the specific antibodies raised

against specified PG (PGE2 or PGF26¿). The antigen-antibody complex formed after

incubation are separated from unbound antigen by the addition of cold Dextran-

Charcoal. The standards in PGEZ assay ranged from 0.4 to 2I nmol/l and in the

PGF2a assay they were 0.2 to 2l nmol/\. The sensitivity by 95Vo BlBo method was

33pgll00pI for PGE2 and 34.0pg1I00¡tl. for PGF2a. All samples showed parallism

with standards. Intra-assay variations in all assays were less than 57o and,inter-assay

variations were less thanI07o. All samples in the same experiment \ryere measured in

the same assay to reduce variations.

6.2.4 Data Analysis

The values of P4, PGs and immunoreactive TNFa were expressed as the mean

and SEM. Student's t test was used and significance was assigned at P<0.05 for two

tailed analysis.
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63 Results

63.1 TNF. cor".ot."tion* in M.dir- fro- crrtr".d rrrr-"r,

Granulosa-lutein Cells

Media from granulosa-lutein cells cultured with or without hCG (5ru) for 24

or 48h was collected and TNFa concentrations were measured using RIAs and

bioassays (see 4.2.3). There were no detectable levels of immunoactive TNFa in a

total of 40 samples measured by RIA (<lOpmol/l) and in Z samples measured by

bioassay (<117.6pmo1/l)

6.3.2 The Effect of TNFø on Cell proliferation

A dose-dependent increase of 3H-thymidine incorporation into cultured cells

was observed in the presence of TNFa (Fig. 6.1). Significant differences were found

between control and 60 pmol/l or 600 pmol/l of TNFa (p<0.05).

6.3.3

TNFa stimulated accumulation of both PGE2 and PGF2¿ in a dose-dependent

manner during a 48h culture period both in serum-containing medium (Fig. 6.2ab)

and serum-free medium (Fig 6.3Ð. Time course studies revealed that maximum

levels of PGEz andPGFzain the presence of TNFa (600 pmol/l) were reached within

LZhin serum-containing medium (Fig. 6.aab).

6'3'4 The Effect of TNF¿ on P4 Production in Granulosa-lute¡n Cell

Culture

TNFa did not alter basal P4 release in serum-free granulosa-lutein cell culture

during a 48h culture period (Table 6.1). In serum-containing medium the basal and

hCG-stimulated P4 levels were 6 and 2-fold higher, respectively, than in serum-free

medium, but no effect of TNFa (6-6000 pmol/t) \¡/as seen during incubation periods

up to 72h or during 24h peñods starting at 73h or 93h of culture (Table 6.1).
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Table 6.1. Progesterone Concenkations (nmoV5x105 cells) Detected

in Cultured Human Granulosa-Lutein Cells

TNFa
Incrrbated
period
ftIours)

0-?Aa

0-72a

4s-96b

49-720a

97-7204

TNF" (pmol/l) TNFø (pmol/l)
with hCG (Siu/ml)

60 600

10

0

72
(r1)

6

11

(r1.+¡

ó.'
(+2.8\

1.1

l+0.1)

l+1.5)

60

10

l+0.61

26
(tt.4

7.3

l+0.4)

76

l+0.03)

6.2
l+1.4)

600

8
l+0.2)

25
(+1.9)

., .7

l+1.0)

1,7

(i0.03)

6.4
(+\.2\

6000

9

l+0.1)

7.4

(!0.s)

77

(to.t¡

0

8.2
(t.1.r¡

16

l+0.1)

10.9
l+0.8)

6

9
(+2.5\

10.4
(t1-s¡

9.6
(+0.5)

9

(+0.9)

ó000

9

(+0.3)

9.4
(t2.0¡

76

l+0.5)

72

(!2) l+0.5)

30
l+0.5)

1.1

l+0.2)

15
G0.7)

7.5
G2.4i

18

(t0.3¡
76

l+0.6)

8.2
(+3.a)

10.5
(to.s¡

9.3

(tZ.t¡

10.3
(+0.7\

6.3

p=N.S. a. Cultu¡e was carried out in Serum-containing medium b. Culture was carried out in serum-free medium.
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6.4 Discussion

Although TNFø has been localized to the theca luteal region of the human

ovary by immunocytochemistry (Roby and Terranova, L989), its specific cellular

origins remain to be identified. TNFa is characteristically a product of activated

macrophages although other tissues can also produce this cytokine. Macrophages are a

major component of the human preovulatory ovarian-leukocyte population (Loukides

et aL,1990) and in the corpus luteum co-localized with the Iæu M5 (a marker for

macrophages) -positive (see 5.3), TNFa-positive (Roby and Terranova, 19g9) ,3p-
hydroxysteroid dehydrogenase-negative (Sasano et al, 1990) theca-luteal area

suggesting strongly that these cells may contribute to ovarian TNFa production.

Alternatively TNFa may originate in tissue from circulating concentrations of this

cytokine and preliminary observations from our group have shown detectable

concentrations of TNFa with peak concentrations in the luteal phase of the cycle.

This explanation would appear to be less likely than local production but awaits

further data relating to the distribution of cytokine and its mRNA.

Surprisingly, TNFa was not detected in the supernatants of cultured human

granulosa-lutein cells by either immuno- or bioassay, in contrast to the finding of

others (Roby et al, L990; Zolti et a|,1990). The reason for this discrepancy is not

clear, but it is possible that different cell harvesting protocols may yield different

proportions of cytokine producing cells, particularly if the culture-derived cytokine

originates from macrophages (which are notoriously 'sticky' in vitro),or another minor

tissue- or blood-derived cell population. This data suggests that granulosa cells at the

preovulatory follicle stage are not the major source of follicular fluid TNFa and may

support the possibility of thecal or white cell origins of TNFa. Recent data has also

failed to confirm immunohistochemical evidence for TNFa in the human ovary (Chen

et al, L992).
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TNFa was found to stimulate uptake of 3H-thymidine by granulosa-lutein

cells in a dose-dependent manner, although others have failed to demonstrate an effect

of TNFa on rat (Adashi et al, 19S9b) or pig (Veldhuis et a|,1991) granulosa cell

proliferation. This difference in responsiveness may be accounted for eithe¡ by inter-

species variations, the nature of the cell preparations, or be a consequence of the state

of differentiation of the cell populations studied. kr this study, hyperstimulation of

patients with high doses of hCG in vivo gives rise to fully luteinized granulosa cells,

whereas rat and swine granulosa cells employed by others are unluteinized. TNFa-

mediated stimulation and inhibition of cell proliferation have both been described in a

variety of normal and transformed cells (Sugarman et a\,1985). Human granulosa-

lutein cell populations have a significant number of white cells in the culture

(Beckman et aI,I99I) and an effect on non-steroid secreting cells can not be excluded

as will be shown in the next chapter.

TNFø, either alone or in combination with hcc, had no effect on p4

production by granulosa lutein cells in vítro. This contrasts with earlier reports of

TNFa-mediated stimulation of P4 production (Zolti et al,1990; Clinton et al, L99l),

although those investigators assayed steroid synthesis after either longer (Clinton et al,

1991) or shorter (Zo\ti et aI, 1990) culture periods than in the present study.

Interestingly, in rat and swine granulosa cells, FSH-stimulated P4 production was

inhibited by TNFa (Adashi et al,1990; Veldhuis et al, L99I), as was hCG-stimulated

androgen synthesis by rat thecal cells (Andreani et al, 1991). The degree of

luteinization between human and animal cells may account at least in part for the

dissimilarities in these results.

TNFø induced a marked stimulation of PG production in cultured granulosa-

lutein cells. As PGs are impofant mediators both in the human ovulatory process

(Killick et al, 1987) and in facilitating P4 production in the corpus luteum in the

human menstrual cycle and early pregnancy (Hahlin et al, LgBg), TNFa may act both
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as a local stimulatory agent in ovulation and a local regulator of corpus luteum

function. It is well known that PGE2 acts to stimulate and PGF2¿ to inhibit p4

production in the human corpus luteum, and it has been proposed that the ratio

between the tissue concentration of PGEZ and PGF2a may be important in regulation

of the human menstrual corpus luteum (Hahlin et al, LSBB).

ln summary, TNFa is present in follicular fluid of the human (chapter 4) and it

stimulates proliferation and production of PG by cultured human granulosa-lutein

cells. Follicular TNFa, which may be produced by local macrophages might be of

importance as a facilitator of PG production during ovulation and of cell proliferation

during the formation of the early corpus luteum. Since TNFa is chemotactic for

monocytes and granulocytes (Ming et al,1987), it may therefore account at least in

part for the chemotactic activity of human follicular fluid (Heniot et al, 1986) and

have a role in leukocyte recruitment into the ovulating follicle and corpus luteum (see

s.3).
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CHAPTER SEVEN

CELLULAR COMPOSITION OF PRIMARY CULTURES OF

HUMAN GRANULOSA-LUTEIN CELLS AND THE EFFECT OF

CYTOKINES ON CELL PROLIFERATION

7.1 Introduction

Studies in chapters 5 and 6 have shown that conditioned lymphocyte medium

and recombinant cytokines presumed to be produced by resident white cells influence

proliferation, steroid secretion and progesterone production by human granulosa-

lutein cells in culture. This culture system has been a common source of human

ovarian cells to study functional and morphological events (Polan et al, L984; Hillier

et al,1987; Amsterdam and Rotmensch 1987). The previous studies have shown that

the cytokines, IL-2 and TNFø, stimulate thymidine uptake in cultures of human

granulosa-lutein cells (see Chapter 5 and 6) . In these investigations IL-2 andTNFa

did not affect basal progesterone (P4) secretion while IL-2 inhibited hCG-stimulated

P4 production. Thus the stimulation of cell proliferation and the contradictory effect

on P4 release by IL-2 and TNFa could indicate that the stimulatory and proliferative

effects were not necessarily due to direct actions on the granulosa-lutein cells. pure

granulosa-lutein cells are difficult to obtain due to blood contamination from ruptured

blood vessels during the aspiration procedure and the concomitant presence of blood

cells in the follicular antrum at this stage. Density cell separation techniques or lysis

of red blood cells (Beverley 1986) are widely used for removal of red blood cells from

other constituents in ovarian follicular cells. However, these techniques may not

eliminate leukocyte contamination in human granulosa-lutein cell culture. A certain

propofion of the leukocytes among the granulosa cells is expected knowing the cell

composition resulting from follicular rupture when there is bleeding into the follicular

cavity before formation of the corpus luteum. This is illustrated by the subsequent



L20

high proportion of leukocytes demonstrated the human corpus luteum (see Chapter 3).

Moreover several studies have shown the effects of growth factors (Olsson et aI, !990,

Gospodarowicz and Biatechi 1979) on the proliferation of cells in the primary

granulosa-lutein cell culture without elucidating if the effect was due to a direct

response of the steroidogenic cells or via cells of white cell lineage. A recent report

(Beckmann et al, 1991) has suggested that leukocytes are a major contaminant of

human granulosa-lutein cell culture and this could have significant implication for

physiological studies. In the present study the aim was to see whether some of the

changes described were due to differences induced in granulosa-lutein cells or

accompanying white cells.

7.2 Materials and Methods

7.2.1 Granulosa-lutein cell collection and culture method

This study was designed to examine the nature of the cell population affected

by IL-2 or TNFa since these two cytokines increased cell proliferation as shown in

the previous study (chapter 5 and 6). Cultures were grown in chamber slides to permit

subsequent staining of the cells. Details of the collection and culture method are

described in2.6.2 and2.6.3. In the present experiment the cell number in L ml MEM

with LOTo FBS (Appendix IV) was adjusted to 2-3xIO5 and the cell cultures were

performed with or without human recombinant IL-2 (26-2600 pmol/l) or human

recombinant TNFa (60-6000 pmol/l). Each chamber well contained 0.45 ml of cell-

suspensions with duplicates of each treatment. The cell culture was maintained for

48h or media changed every 48h until the end of L44h. Previous sections have

characterized the steroid secretion and gonadotrophin sensitivity of the cells from this

method (see 2.6.4.3 and 2.6.4.4).



L2L

7.2.2 Immunocytochemistry

Immunocytochemistry was performed using an improved biotin-streptavin

amplified detection system (B-SADS) as described in section 2.4. Primary antibodies

used in the present study were monoclonal antibodies, anti-þ, vimentin, anti-Iæu 4,

anti-Leu 2a, anti-rnu 3ab, anti-rL-2 receptor, anti-Leu 14, anti-r-eu M1, anti-Iæu

M5, anti-LeuT,LCAand polyclonal antibody to 3B-HSD. The source, predominant

cellular reactivity and dilution of these antibodies are described in chapt er 2 (Table Z.L

and2.2). A positive reaction was demonstrated by a brown deposit. The results were

analysed by counting the number of positive cells in a total of 500 cells within a

randomly chosen field of each slide.

7.2.3 Data Analysis

Each culture condition was repeated two to four times, using samples from

different patients. Antibody positive cells were expressed as the number per 500

counted cells. Significance \¡/as assigned at SVo levels for two-tailed statistics

(students't test).

73 Results

7.3.1 Cellular composition of unstimulated human granulosa-lutein cells

About 357o of all cells were of bone-marrow lineage as judged by positive

staining with LCA (207o, range L7-257o, Fig. 7.1a) and antibodies specific for

macrophages/monocytes (1'57o, range 8-297o, Fig. 7.1bc). The LCA-positive cells

included B lymphocytes (397o, range 33-47Vo, Fig. 7.1d), T lymphocytes (3ITo range

28-347o, Fig 1e) and NKcells (187o, range '!,5-2'tvo, Fig.7.Lf). In the group of T

lymphocytes, TíVo(range 54-95Vo) were helper T and 257o (tange L4.5-35Vo) were

cytotoxic T cells. All T lymphocytes stained positive with antibodies against theIL-2

receptor(Fig.7.LÐ. The non-lymphohematopoeitic cells were in general bigger in
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size and most of them spread in a fibroblastic like manner. They stained positive with

antibodies against vimentin, EZ and 3B-HSD. The percentages of visible positively

stained cells with antibodies against vimentin, E2 and 3B-HSD(Fig. 7.1h) were

around 98Vo,95Vo and 827o respectively. Many of the lymphohaematopoeitic cells in

the culture were covered by steroid producing cells and were only revealed by staining

with specific antibodies to white cells.

7.3,2 changes in cellular 
"ompositÍon 

in respons" to rL-2 and rNF¿

durine a 48h culture

Cells were cultured in the presence or absence of IL-2 (26-2600 pmol/l) and

TNFø (60-6000 pmol/l) for 48h. Both IL-2 and TNFa at concentrations of 2600

pmol/l and 6000 pmol/l respectively decreased the proportion of 3B-HSD positive

cells þ<0.05 Fig. 7.2). The proportion of monocytes and LCA positive cells were

increased dose-dependently by rL-2 and TNFa (p<0.05 Fig.7.3 and,7 .4).

7.3.3 changes in cellular composition over a 6 days culture period

Cytokine-influenced changes of cellular composition were found within 48h

of culture but not on the following days. In the absence of cytokines, the proportion of

granulosa-lutein cells remained constant while the percentages of LCA positive cells

and monocytes tended to decrease with time (Tables 7 .r,7.2 and 7.3).
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Table 7.1 3P_-HSD positive celts (MeantSEM) in the human granulosa-lutein cell
culture on different days with or without IL-2 or TNFaa

Control IL-z (260pmol/l) TNFø (600pmoVl)

Day 2

Day 4

Day 6

418r11

386138

400r.25

306¡54

394r30

384t13

392x10

36418

379r_7

Table 7.2 I.euMl positive cells (MeautSEM) in the human granulosa-lutein cell
culture on different day with or without IL-2or TNFa

Control IL-z (260pmoVl) TNFø (600pmoVl)

Day 2

Day 4

Day 6

30r8

18+3

3¡L.7

67¡I7b

40x9

20r8

64t5b

42xLL

10t3.8

Table 7.3 y.çlpositive cells (MeantSEM) in the human granulosa-lurein cell
cultu¡e on different day with or without IL-2or TNI aa

Control II--2 (260pmoVl) TNFa (600pmol/l)

Day 2

Day 4

Day 6

98135

57+]2

69t.47

162¡60b

70r34

83r.44

133t35b

73129

63r37

a

b

Five hundred cells were counted in each well (x2) from each c¿se (n=2). Thesignificantly redu_ged ryqqer o! 1p-rysD cefls'in'Fig. 7.1 were ar 'the 'highìst
concentrations of rL-z (z600pmol/t)'and TNFa (6000pmõl/l).

P<0.05 compared to control
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7.4 I)iscussion

Several publications have used the secretory profile of human-granulosa lutein

cells in culture to examine the influence of hormones and non-hormone substances on

ovarian function (Hsueh et al, 1984) as described in previous sections. Basal and

gonadotrophin-stimulated steroid production and cell differentiation have been

described in short and long term culture (chapter 5 and 6) and these have been shown

to correlate well with the previously described results from human granulosa-lutein

cell culture system (Polan et al, L984, Hilter et aI, 1937). Growth factors such as

IGF-I, EGF and FGF (Gospodarowicz and Biatechi L979, Olsson et ø1,1990) appear

to induce proliferation of these cells in vitro and it has been assumed that steroid-

secretory cells respond directly to these and other trophic agents. However there are

several lines of evidence to suggest that other non granulosa-lutein cells may

be present and could influence the results of cell proliferation and hormone secretory

experiments. Human preovulatory follicular fluid contains a considerable number of

white cells including macrophages, monocytes, B lymphocytes and T lymphocytes

(Castilla et al, L990; Loukides et al,1990). Recent data also suggests that white blood

cells are an important constituent of the human corpus luteum constitutin g up to LSVo

of all the cells (Iæi et al,I99L, and Chapter 3). Lymphocytes and other bone maryow-

derived cells have also been shown to have receptors for many sex steroids, ovarian

trophic hormones and growth factors (Cohen et aI, j.983; Rouabhia et aI, L9g7;

Marchetti et al,1988; Johnson et al,1992). This suggests that the contribution of cells

normally regarded as unwelcome contaminants of cell culture can not be ignored.

Accordingly this study attempted to characterize the cellular composition and

proportion of individual cell types in the total cell population and their response to IL-
2 and TNFa.
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The antibodies used to detect human gtanulosa-lutein cells were directed

against vimentin, EZ and 3p-HSD. Vimentin positive cells represent all the cells of

mesenchymal origin besides granulosa-lutein cells including fibroblasts and

endothelial cells. Oestradiol positive cells represent those containing E2 which may

be synthesized by cells themselves or bound to the E2 receptor. 3B-HSD is a key

steroidogenic enzyme and 3B-HSD positive cells would therefore represent the

steroidogenically-active granulosa lutein cells. The present study confirms that the

granulosa-lutein cell is indeed the major component of this primary culture system but

that significant numbers of macrophages/monocytes, and lymphocytes including T and

B cells and NK cells are also resident in the culture. The proportion of

monocytes/macrophages in this study is similar to the proportion found in human

follicular fluid (Loukides et al, 1990) which indicates that standard separation

methods using Percoll gradients do not eliminate these cells from the culture, There

\f,¡as a broad variation in the percentage of cell types present probably reflecting

variations in the degree of blood contamination of follicular fluid between cases. All

methods commonly used for preparation of granulosa-lutein cells will probably have

the same proportions of non-steroid secreting cells.

In the present study of IL2 and TNFa, both cytokines reduced the proportion

of 3B-HSD positive cells and dose-dependently increased leukocytes and monocytes

during the first 48h of cell culture. This indicates that the main target cells for the

proliferative effects of IL-2 and TNFa are leukocytes rather than granulosa-lutein

cells in this culture system during this stage, Other substances elaborated by the

resident leukocytes and stimulated by IL-Z and TNFa could also cause the

proliferation and altered physiology of granulosa cells.
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Cellular propofions in the culture periods beyond 48h did not show any

statistical significant changes depending on the presence or absence of cytokines. This

could be attributed to the observation that a considerable proportion of cytokine-

responsive leukocytes \¡/ere removed at the media change at 48h and 96h when there

are leukocytes floating in the media. The proportion of 3B-HSD cells remained

unchanged at the end of 96 or L44h of culture and therefore suggests that the reduced

number of 3B-HSD cells during 48h culture may be a secondary effect from resident

and floating leukocytes which have been stimulated by IL-2 and TNFa rather then

due to a direct influence on the cells. The disappearance of this secondary effect later

in culture may relate to the removal of floating leukocytes during media change.

IL-2 has been shown to enhance both the in vitro proliferation of cytolytic T

cells (Smith 1980) and the in vitro induction of NK cell activity through induction of

interferon-Y gene transcription and translation (Kuribayashi et a\,1981). TNFa also

has multiple stimulatory activities including stimulation of cell proliferation on

activated T cells, B cells and macrophages (Chang and Iæe 1986; Scheurich et al,

t987; Kehrl et al,1987). Both interferon y and IL-1 production have been confirmed

to be induced by TNFa (Pober et al, 1986, Scheurich et al,19g7). we have also

detected bioactive interleukin-l from media of human granulosa-lutein cells cultured

with TNFa, þreliminary study). White blood cells are also the target cells of

hormones that are secreted from the granulosa cells as human lymphocytes and

eosinophils have E2 receptors (Cohen et al, 1983; Danel et aI, 19g3; Gleich and

Adolphson 1986). Since physiological concentrations of IL-1, IL-Z and TNFø have

been detected in the human preovulatory follicular fluid from IVF cycles (chapter 4)

and concentrations of these cytokines are effective in regulation of proliferation of

granulosa/lutein cells and leukocytes in vitro, they may be active in vivo in regulation

of activity in granulosa cells.

Contamination of cultures by white cells may not be unrepresentative of the
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physiological situation in vivo given the documented presence of these cells in the

follicle and corpus luteum but attribution of direct effects of growth factors and

cytokines to granulosa-lutein cells should be treated with caution. Cytokine signals to

steroid-secreting cells may be an essential component of ovarian function; the specific

signal however may not be easy to prove given the effects of cytokines on white blood

cells to promote secretion of other cytokine messengers.
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CTIAPTER EIGHT

CONCLUSIONS

Ovarian function includes the production of female germ cells and secretory

activities. The regulation of ovarian function is controlled by the hypothalamic-

pituitary-ovarian axis either through classic endocrine pathways or by intraovarian

regulators through paracrine or autocrine mechanisms (see 1.5). An additional

regulation by immune cell-derived cytokines, as part of immune regulation has been

investigated in the last five years. Studies reported in this thesis provided some

evidence of this third type of regulation in the human ovary.

The identification of immune cells in the human ovary is an important element

in establishing this regulation. Macrophages and T lymphocytes are the major cellular

components of immune system in human as well as in animals. These two types of

immune cells also constitute a major source of cytokines (see 1.2). In this study,

macrophages, T lymphocytes and other immune cells such as NK cells and monocytes

have been systematically identified in the human corpus luteum by modern methods of

immunocytochemistry. Immune derived cells comprised up to I57o of the total cell

population in this endocrine organ. Macrophages predominated with an almost equal

percentage in both gtanulosa-luteal and theca-luteal areas. The central loose

connective tissue of the corpus luteum also contained a significant number of

macrophages. T lymphocytes were detected in the human corpus luteum with greater

numbers in the thecal luteal than granulosal-luteal area. The ratio of T4 to T8 cells

was about 2:L in the theca-luteal area and l-:1 in the granulosa-luteal area. Activated

T cells were observed in the central loose connective tissue of the corpus luteum. It is

obviously impofant in the future to know the distribution of these immune cells

throughout the menstrual cycle and this was limited because of the scarcity of

available specimens and will be part of an ongoing study. It has been observed that
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the infiltration of these immune cells into human ovary at the preovulatory stage was

most likely related to the chemoattractive activity locatty produced from the folticle

(Heniot et al,1986; Murdoch and McCormick, 1989). The further invasion of large

amounts of these immune cells into human corpus luteum may result from ovulation

when the blood vessels of the follicular wall were ruptured and the haemorrhagicum

was subsequently formed. The maintenance of these resident immune cells in the

human corpus luteum may still require locally produced chemoattractants (Herriot er

al, L986; Murdoch and McCormick, 1989) including immune cell-derived cytokines

themself (Wang et al,1987) as well as ovarian steroids (see 1.5.4.3). Little attention

has been given to the properties and roles of these cells. Apart from heterophagy of

damaged luteal cells by ovarian macrophages (Paavola,1979) the evidence provided

by this study strongly suggests a possible relationship between presence and function.

It is therefore possible that local paracrine secretion of cytokines may be implicated.

Demonstration of immune cells in the human corpus luteum led to the further

investigation of cytokine production in the human ovary. Interleukin 1 and TNFø are

products of macrophages while IL-2 is a product of T cells. Immunoreactive IL-1,

TNFa and IL-2 were demonstrated in this study by radioimmunoassay in human

preovulatory follicular fluid. Concentrations of IL-l andIL-2 in follicula¡ fluid were

approximately half those of plasma. In one study (group I), a significant positive

correlation existed between the volume of follicular fluid and IL-2 levels indicating

that a possible mutual relationship may exist between the development and maturity of

the follicle and IL-2 concentrations (see 4.3.1). However, further observations in

group II (see 4.3.I) could not confirm this correlation measuring follicles with a range

of sizes in the same patient. No significant correlation was observed between

concentrations of cytokines and steroids (P4, EZ) iî follicular fluid or plasma. The

follicular fluid IL-1, IL-2 and TNFa may be produced by the peripheral immune cells

and diffuse into the follicle when blood circulated through ovary or oocytes were

aspirated. It was confirmed in this study by the significantly positive correlation was
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existed in the concentrations of IL-l and IL-2 between the plasma and follicular fluid

levels. However, ovarian origin of these cytokines should not be excluded as

preovulatory follicles contains immune cells, macrophages and T cells (Hill et al,

1987b; Droesch et al, L988; Loukides et al,I99o; castilla et al, r99o). The detection

of IL-l gene expression in rat ovarian theca-interstitiat cells (Hurwitz et al, L99I)

suggested its origin in ovarian endocrine cells. The existence of cytokines at the

preovulatory stage may be important in ovulatory mechanisms, because cytokines

have been found to be stimulators of prostaglandin (PG) (Winter et at, L990) which

are important mediators in the human ovulatory process (Kittick and Elstein, 1987).

Furthermore, the physiological concentration of cytokines in human ovary will

provide a reference to concentration of cytokines for in vitro studies of human

granulosa-lutein cells.

Human granulosa-lutein cells are the most easy available in virro model to

investigate ovarian function, and were used to study the effect of cytokines on cultured

human granulosa-lutein cells. The initial experiment was designed by addition of

cytokine-conditioned media to human granulosa-lutein cell culture. HPL-CM and

MLA-CM were respectively prepared from mitogen-stimulated human peripheral

leukocytes and a gibbon T cell line with or without mitogen stimulation (see 2.7.2).

HPL-CM showed significantly inhibitory effects on P4 production, both with or

without hCG stimulation, but MLA-CMI stimulated basal P4 secretion and MLA-

CM2 reduced hCG stimulated P4 secretion. HPL-CM contained a lower level of IL-
2 than MI-A'-CM. Thus, the various results from three kinds of CMs could not

contribute to the only effect from IL-2. Human recombinant IL-1 was therefore

added into the same culture system and was not found to have any effect on p4

production. However, human recombinantlL-z showed a significant inhibitory effect

on hCG-induced P4 secretion and cell proliferation but no effect on the basal P4 level.

The mechanism of IL-2 action in hCG-stimulated P4 production was partly studied.

IL-2 also had a marked inhibitory effect on forskolin (FK), a stimulator of adenylate
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cyclase, induced P4 release, but did not change the increased cAMP level stimulated

by FK. This suggests that the influence of IL-2 on P4 synthesis may be down-stream

in the signed transduction pathway from cAMP activation. Human recombinant

TNFa did not alter basal or hCG stimulated P4 production but significantly increased

PGEZ and Fza release and cell proliferation. Taken together, cytokine effects

resulting from conditioned media showed either inhibitory or stimulatory influence on

P4 production and cell proliferation. These results may be explained by synergic

cytokine influences. With recombinant materials, IL-2 inhibited hCG-stimulated p4

production and enhanced cell proliferation, while TNFa stimulated both PG release

and cell proliferation.

Based on the findings that both IL-2 and TNFa increasing cell proliferation

without changing basal progesterone levels in the human granulosa-lutein cell culture,

the final experiment was designed to examine the cellular components and the type of

cell influenced by cytokines with the combined methods of cell culture and

immunocytochemistry. This study showed that primary culture of human granulosa-

lutein cells contained a large number of immune cells which were

macrophages/monocytes, T and B lymphocytes, NK cells and other cells of bone-

m¿urow lineage. Cytokines, IL-2 and TNFa significantly increased the numbers of

monocytes and LCA (Leukocyte common antigen) positive cells and reduced the

number of 3B-HSD positive cells in the first 48h of culture. Results suggested that

any observed effects by added cytokines in the human granulosa-lutein cell culture

may be due to an indirect effect from cytokine-activated resident leukocytes on

granulosa-lutein cells. It may also infer an in vivo situation in which the presence of

immune cells and cytokines may have both direct or indirect action on immune cells

themselves or on steroidogenic cells.

A hypothesis is proposed based on all studies including in this thesis. Immune

cells and their secretory products, the cytokines, play a role in the regulation of human
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ovarian function, influencing the well established control of ovarian cells by pituitary

gonadotrophins and locally produced peptides regulators (1.3.a.3e). It is postulated

that the changing population of immune cells is recruited by cytokines produced in the

human ovary and is part of an orchestrated epithelial cell organized network.

Evidence to support this hypothesis firstly include that cytokines have been detected in

human ovary (chapter 4 and 1,.4.2). These cytokines have been shown to affect

decisively the behaviour and functions of immune cells themselves (1.2.2.L ,I.Z.Z.Z).

The second is that several of these cytokines are chemotactic for and activate white

blood cells (Wanget al,1987; Brown et al L99L). Thirdly, the cytokines known to be

produced by immune cells attracted to the ovary have been shown inin vitro studies to

alter the turnover and endocrine function of ovarian cells (1.5.3 and chapter 5.6.7).

Thus the potential exists for resident ovarian cells under the influence of

gonadotrophins to increase expression of adhesion molecules on the vascular

endothelium and to establish a chemotaxic gradient in ovarian tissues which would

result in the trapping of white blood cells within the ovarian microvasculature, their

passage through blood vessel walls and movement to specific sites within ovarian

tissues, where they could be activated in situ to participate in the processes of

ovulation, corpus luteum development and luteolysis (Fig. 8.1). This hypothesis, if
shown to be conect, would radically revise the current understanding of the

relationship between reproductive endocrine organs and the cells of the immune

system.

In conclusion, studies reported in this thesis have described the distribution of

immune cells in the human co{pus luteum, concentrations of immunoreactive

cytokines, IL-l,, IL-2, TNFø, in human preovulatory folticular fluid and cytokine

effects on human granulosa-lutein cell culture with observation, on the production of

P4 and PGs, cell proliferation and the alteration of cellular composition. The

existence of immune cells and their derived cytokines in human ovary and the

influence of cytokines on human granulosa-lutein cells ln vitro, suggest that cytokines
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may have roles in human ovarian physiology
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APPENDIX I

1)

2)
3)

Peroxidase Block

37o HZOZ in Milli Q. water

PBS, pH7.6

Weigh out
NaCl 7.759
K2HPO4 1.5g
I<ÍIZPO4 O.2g
Dilute to 1.0 litre with deionized water
Adjust pH as needed by addition of 3M NaOH

Stock solution of 0.57o DAB

(ul{"r _tf pe cupboard, wear disposable gloves)
DAB 100mg
PBS 20ml
Make 05ml aliquots into plastic vials using autopipette, label and store
at -20oC.

PLL coated slides

1)
2)

3)
4)

lmg PLLlml of M.Q water;
put_ a_ small amount (approximately SpI) at one end of the slide
and draw it across, like a blood smêai.
Iæave the PLL to dry (generally a few mins);
Stock PLL coated slides at room temperáture over silica gel
until required.
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pre-treatm.o, or olffie' on chamber sride

1.

2.

3.

Frozen tissue section

Cut sections of 5/¿m on PLL coated slides.
Place slides.in a plastic slide rack and place this in a microwave oven;
the rack with slides sits within a 6cm radius of the centre of the

ve. kradiate for 15 seconds at defrost setting
No R-7200). Slides are fixed in acetone for 5

Paraffin tissue section

cut sections at 3pm on plain slides. The paraffin is melted in an
incubator at 60-70oc. Endogenous peroxidãse is blocked with 3To
aqueous HZOZ for 10 min and then the section is rinsed with pBS
(note: do be dried until next step). Studies on CD3
requires p t for 5 min with O.IVo trypsin/0.1,Vo CaCI2
to expose

Cells on chamber slide

StainÍng procedures

NHS or NcS (33p1+2.5m1

LoAb (diluted withAD)

2oAb (11u1+2.5m1AD)
or BARI or BAMI (Link)

ABC B-SA
20 min 20 min

excess serum (don't wash, drop off only)
PBS)

Block

60 min 30 min'Wash section or cells with minimum amount of pBS

30 min
20 min

Wash section or cells with minimum amount of pBS

60 min

wash section o. 
".1t. 

with minim"- 
"'3ntå 

of pBS

ABC reage nts (22p1 A+22pI B
+2.5n1PBS) or PCS (I^abel)

L0O7o ethanol
Xylyne

DAB (0.5m1stock DAB+4.5m1 PBS 7-10min Tmin
+5pIH2o2)

Rinse slide with water and ammonia water

2 minx 2
2minx2

Mount slide with DePex

2minx2
2 minx 2
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APPENDIX III

3rl-thymidine culture media

3H-thymi^dine was diluted in MEM-FBS (see Appendix IV). The
concentration of JH-thymidine was 0.5 uCi in 0.05m1 MEM-FBS for each well (96
well culture plate).

TrJ¡psin solution

O.0L7o trypsin solution in PBS freshly prepared before each experiment.
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APPENDIX IV

Silicone coated pipette

Disposable Pasteur pipettes (glass) were soaked in M.e.
rinsed,routinely by M.Q water and dried. Before being autoclaved, t
coated by sigmacote to form a thin film of silicone oñ the glass pre
adhering to the pipette wall.

MEM

l. Measure out a_pproximatgly 900m1 M.Q. Water in a glass vessel;2. Adg 9..59 8.p{.noyaered MEM to water at room temperature (15oC to 30oC)
and stir until dissolved;

3. Add 2.1g of NaHCO3 per litre of medium;
4. Add 1.0g of glucose per litre of medium;
5. Add antibiotics (penicillin-G 100mg and streptomycin 25mg) per litre of

medium;
6. PH should be .approximately 7.4 at room temperature (normally no pH

adjustment should be required);
7. Dilute to the final volume of 1 litre with M.Q. water and stir gently;8. filtration with filter unitsl9. ass bottles or plastic cuiture vessels with

L0. nger than 4 weeks.

MEM with 107o FBS

min). MEM with 107o FBS
culture, sterilized immediately,

environment with 5ro co2 and etroair at 37oé o;*li#nlir î"31i;Í;tÏf
the media containing vessels.

M19a

Same as the preparation of MEM except for the addition of glucose.

Ml99 with 0.17o BSA

ML99 wit was made up one day before cell culture,sterilized into sterile 
- 

vessels 
- 
and transferred tóincubator n the media containing vessels.
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APPENDIX V

1

Percoll stock solution

StockA (100m1)
NaCl
KCI
MgSO4.7H2O
KH2PO4
Dl-Lactic Acid Sodium Salt
Glucose
PG

Stock B (10m1)
NaHC03
Phenol Red

11.862 g
0.7 g
0.1 g
0.1 g
7.4 ml
1.o e

0.L2 e

2
0.42 g
0.002 g

3. Stock C (10m1)
Na Pyr 0,102 g

4. Stock D (10m1)
CaCl2.ZÍþO) 0.524 g

5. Stock E (50m1)
Hepes (Na Salt) 6.508 g
Phenol Red 0.01 g
Add 20ml M.p.Waler;_adjust pH to 7.5 with UU ffCt (about 25ml)
and add remaining M.Q water.

* Note- Stock A, D, E, last 3 months
Stock B, C, last 2 weeks.

10X media

Stock
ml
10.0
L.6
0.7
L.15
8.4

21,.85

ml
20.0
3.2
L.4
2.3
L6.8
43.7

Percoll Solution

20mI of l,Ox media +
30ml of 10x media +
40ml of 10x media +

ml
15.0
2.4
1,.05
1..725

12.6
32.775

180m1 percoll
270m1 percoll
360m1 percoll

A:
B:
C:
D:
E:

* check osmolarity - adjust to 280 mOsm/l
X mOsm x vol (ml) = No. of ml of percoll to add.

280
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HTF media

Stock A:
B:
c
D
E

M.Q water

ml
5.0
0,8
0.355
o.575
4.2
89.05

ml
15.0
2.4
1.065
t.725
L2.6

267.L5

* check osmolarity and adjust to 280 mOsm with M.Q water.
Filter sterilize and store at 4oC for up to two weeks.

507o percoll solution

The.p_repar_ation of L00ml of. 507o percoll solution includes 50ml percoll
solution and 50ml HTF media.
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APPENDIX VI

RPMI I64O-FBS

The procedures of preparation of RPMI 1640 with 107o FBS are similar to the
preparatio!.s of MEM and MEM-FBS except for the addition of glucose see
Appendix IV.

Hank's Balanced Salt Solution (HBSS) pH7.4

C.aCLZ.ZHZO
KCt
KHZPO+
MgCI2.6HZO
Mg SO4 .7HZO
NaCl
Na HCO3
Na2 HPO+
D-glucose
Phenol red

gr
0.r.85
0.40
0.06
0.10
0.10
8.00
0.35
0.48
L.00
0.01
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APPENDD( VII

IL-rß RIA KIT - ASSAY PROTOCOL*

Total
Counts (tC)

Non-specific
binding (NSB)

Z.ero
standards @o)

Standards** Samples

Buffer
Standard
Sample
Antiserum

?ß0 100

100
10o
1m

100

100

Volex mix, cover tubes and incubate at room temperature (15-30oC) for 4 hours

112s11¡y-1p 100 100 1m 100 100

Vortex mix, covef tubes and incubate at 4oC for 16-2 hours

Amerlex-M
second antibody 2s0 250 250 250

vofex mix. Incubate for 10 minutes at room temperature. separate either using
Amerlex-M separator for 15 minutes or by centrifugation for 10 minutes at >15009.
Decant supernatants, drain for 5 minutes and count.

¡;

*¡;
All volumes are microlitres.
Standards include 0, 0.3, 0.6, 1.25,2.5,5,70,?I and 4ûfmol IL-7þ/tube
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APPENDTX VIII

IL-2 RIA KIT - ASSAY PROTOCOL*

Total
Counts (IC)

Non-specific
binding (NSB)

7,erc

standards (Bo)
Standards** Samples

Buffer
Standârd
Sample
Antiserum

200 100

r00
t*
r00100100

Vortex mix, cover tubes and incubate at room temperature (15-30oC) for t hour or for 4 hours

¡tzsy1yy-2 100 100 100 100 100

Vortex mix, cover tubes and incubate atroom tepmerature for 3 hours or at 4oC for 16-2 houn

Amerlex-M
second antibody 2s0 250 2so 250

vortex mix. lncubate for 10 minutes at room temperature. Separate either using
Amerlex-M separator for 15 minutes or by centrifugation for 10 minutes at 15009.
Decant supernatants, drain for 5 minutes and count.

* All volumes are microlitres.
Standards include 0,2.5,5,10,20,40, 80, 160 and 320 fmol IL-2ftutrc

**
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APPF''NDTX IX

TNFa RIA KIT - ASSAY PROTOCOLT

Total
Counts (fC)

Non-specific
binding (NSB)

7*to
standards @o)

Standârds** Samples

Buffer
Standard
Sample
Antiserum

zno
100

100

100 r00
100
100

Vortex mix, cover tubes and incubate at room temperature (15-30oc) for 4 hours
or overnight (16-U hours) at 37oC

¡12sqmlFa 100 1m 100 100 100

Vortex mix, cover tubes and incubate at 4oC for 16-24 hours

Amerlex-M
second antibody 250 2s0 '250 250

vortex mix. Incubate for 10 minutes at room temperature. separale either using
Amerlex-M separator for 15 minutes or by centrifirgation for 10 minutes at >15009.
Decant supernatants, drain for 5 minutes and counl.

* All volumes are microlitres.
Standards include 0, 7, 2, 3, 9, 7 .8, 75.6, 31.2, 62.5 and, 125 fmol TNFø/tube
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APPENDIX X

CAMPRIA KIT - ASSAY PROTOCOLI

Total
Counts (IC)

7mo
standards (Bo)

Standards* t Samples

Buffer
Standard
Samples

¡l2sr1ceMp
Antiserum

100

r00 r00
100

100

100

r00

100

100

100

Vortex mix, cover tubes and incubate at 4oC

Amerlex-M
second antibody 500 500 500

Vortex mix. lncubate for 10 minutes at room temperature. Separate eilher using Amerlex-M separator for 15
minutes or by centrifugation for l0 minutes at >15009. Decant supernatants, drain for 5 minutes and count.

All volumes are microlitres.
Standards include 0, 25, 50, 100, 200, 400, 800 and 1600 fmol cAMpÁube

t¡t
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APPENDIX XI
BIOCI]ONE PROGESïERONE RIA KIT - ASSAY PROTOCOL

TUBE
DESCRIPTION

STANDARI)
OR SAMPLE

çLt)

PROGESTERONE /^25t
ANTISERUM PROGESTERONE

kl) (A)

PRECIPITATING
SOLUTION

@t)

TC

NSB

0 nmoVl STD

1 nmoVl STD

2nmoVl STD

5 nmoVl STD

10 nmol4 STD

20 nmol/l STD

50 nmoll STD

100 nmoll STD

SAMPLE

s0 (0 srD)

50

50

50

50

50

50

50

50

50

s00

500

500

s00

s00

500

s00

500

500

s00

2æ

200

200

?r0

200

200

2W

200

200

200

200

200

200

200

?Ã0

200

200

200

200

200

Vofex and incubate at 37oC for 30 minutes.

Incubate at room temperature for 15 minutes.
Vortex then centrifr¡ge for 20 mins at 3290 X G
Decant supernatant, drain, blot and count pellet.

Phosphate-BsA Buffer (PBS-BSA) 0.1M pH7.0

91
NaH2PO4.2H2O
NaZHPO+.2HZO
NaCl
NaN3
BSA

6.1
10.9
9.3
1.0
1.0
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APPENDIX XII
SPEC:TRIAESTRADIOLCOATED TUBE RIA KIT - ASSAY PROTOCOLT

hocedure Total NSB Standard Control Unknown
sera

Pþtte sample

Pipette estradiol

[12sr]

Pipette estradiol
antisen¡m

Pipetle dislilled
u/ater

Mix

Incubate 3h/370C

IÞcânt

Washwithwashing
solution

Countfor l min

100.

2n 200

x

2N

100

2n

200

100

200

2N

100

x

X

X

1000

X

X

X

X

1000

X

1000

X

200

x

x

x

200

X

X

X

1000

X

+

¡3+
All volumes are given in microli[es.
Standard include 0,0.05,0.15,0.5, 1.5, 5.0 and 15.0 pnmol.
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