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SUMMARY
Rheumatoid arthritis (RA) is an inflammatory, autoimmune condition, the pathogenesis
of which is unclear. The disease is characterised by an infiltration of inflammatory cells
into the synovium and subsequent release of factors such as cytokines, which have the
capacity to both trigger events leading to destruction of the joint architecture, and also
mediate the perpetuation of the inflammatory process, for example by modulating the
expression of adhesion molecules, thus suggesting a crucial role for the immune
system. Females are known to have a heightened immune response compared to males,
and also an increased susceptibility to autoimmune disorders, including RA, the onset
and severity of which can be modulated by periods of endogenous hormonal changes,
indicating a possible association with the sex hormones.
The aim of this Ph.D. was to investigate the effect of sex hormones on the immune
system in vitro, using peripheral blood mononuclear cells (PBMC) from RA patients
and from normal, healthy controls. Various parameters were assessed, including
cytokine production and integrin expression, with particular reference to changes in
immune function thought to occur in RA.
Oestrogen and testosterone had no effect on the release of interleukin-6 (11^6) or
tumour necrosis factor (TNF) from control PBMC. In addition, oestrogen had no effect
on interleukin-lp (IL-lp), IL-6, TNF-a, transforming growth factor-p (TGF-p) or
prolactin mRNA expression, using either control or rheumatoid cells. PBMC
proliferation was also unaffected by oestrogen and testosterone, whereas the same
concentration range of oestrogen induced significant proliferation of an oestrogendependent cell line, ZR-75. The morphology of ZR-75 cells was altered by culturing in
the absence of oestrogen, which correlated with a downregulation of the integrin
subunit, a6. However, incubation of control or rheumatoid PBMC with and without
oestrogen did not alter their pattern of integrin subunit expression.
Oestrogen receptor (ER) protein and mRNA were readily detectable in the ZR-75 cell
line, whereas the receptor protein was undetectable in all other cell types, including
PBMC, and the mRNA was present in only very low amounts. The expression of p29
antigen, an ER related protein, was demonstrated in all cell types studied, including
PBMC, synovial fibroblasts and rheumatoid synovial tissue. This data suggests that the
sex hormones, oestrogen and testosterone are ineffective in in vitro assays of immune
function, when studying control or rheumatoid PBMC, which may be a result of
constitutively low receptor levels.

CHAPTER ONE
INTRODUCTION

1 .1

AN OVERVIEW OF RHEUMATOID ARTHRITIS, THE IMMUNE
SYSTEM AND SEX HORMONES

Rheumatoid arthritis (RA) is an autoimmune inflammatory disease which is associated
with destruction of the articular cartilage, in conjunction with bone and soft tissue. In
RA, the synovial membrane becomes hypertrophied as a result of the infiltration of
cells, mainly lymphocytes and monocytes, and the local proliferation of synovial
fibroblasts. Neovascularisation also occurs, leading to the formation of a pannus which
grows over and erodes the surface of the cartilage and subchondral bone. Susceptibility
to the disease appears to be linked to the class II MHC alleles HLA-DR4 and -DR1.
However, the actual trigger for disease onset remains a hypothetical issue and other
factors are likely to modulate the severity.
The infiltration of the synovial tissue with cells which have the capacity to elicit an
inflammatory response indicates that this process is central to the pathogenesis of RA
In the normal situation, inflammatory reactions are controlled, with factors released
concomitantly to both upregulate and downregulate cell responses. The release of
interleukin-1 (IL-1) from accessory cells activates T cells which release cytokines such
as interleukin-2 (IL-2) and interferon-y (IFN-y). IFN-y has the capacity to activate
monocytes and macrophages to release further IL-1 and other monokines such as
tumour necrosis factor-a (TNF-a). Hence, a cascade of inflammatory mediators is
generated. However, in a disease such as RA, there is a failure to contain the
inflammatory response and a chronic, destructive scenario arises. Within the
rheumatoid joint, T cells appear in a pseudo-activated state, displaying an upregulation
of certain activation markers on their cell surface, whilst the production of 11^2 and
IFN-y and the expression of IL-2 receptors are downregulated. It is thought that
macrophages, synoviocytes and chondrocytes are the main effector cells, with the
capacity to produce an array of cytokines, growth factors and degradative enzymes, all
of which are detectable in significant amounts within the RA synovial membrane and
fluid. The factors released are potentially responsible for both the destruction seen
within the joint and also reparative processes which occur in parallel.
The mechanism of cellular infiltration into the RA synovial membrane is thought to be
via adhesion molecules, including the integrin family, the expression of which is
modulated by the inflammatory process. Systemic and local release of cytokines
following the initiation of an inflammatory response is likely to upregulate ligands,
such as ICAM-1, ELAM-1 and VCAM-1 on endothelial cells, and their respective
receptors on the surface of circulating cells, thus leading to an increase in cellular

adhesiveness. Trans-endothelial migration and the perpetuation of cells within the joint
is also thought to be mediated by integrins, with the latter occurring as a result of
binding to connective tissue components and cell-cell interactions.
The presence of cells such as T cells and monocytes within the synovial tissue and the
detection of mediators released by these cells which have the potential to both trigger
the destructive processes occurring in RA and participate in the upregulation and
perpetuation of the inflammatory response, for example by increasing expression of
adhesion molecules, indicates that the immune system is crucial to the development and
progression of RA. Research into causes of, and potential therapy for, the disease have
therefore centred around immune function. A relationship between gender, sex
hormones and the immune system has been recognised for many years. Females have a
heightened humoral and cell-mediated immune response compared to males, a greater
resistance to infections, increased tumour rejection capacity and a relative resistance to
tolerance. In addition, women are more likely to develop autoimmune diseases than are
men. In RA, the female:male ratio is approximately 3.5:1 with disease onset occurring
predominantly at the time of the menopause. Pregnancy often results in a clinical
remission although exacerbation is seen in as many cases postpartum. Thus, prima
facie, there would seem to be an association between the immune system,
autoimmunity and sex hormones.
In the case of systemic lupus erythematosus (SLE), an autoimmune condition
characterised by anti-dsDNA and other antibody formation, inflammation and damage
to the kidneys and central nervous system, women, especially those of child-bearing
age, are approximately ten times more likely to develop the disease. In addition, other
autoimmune conditions including scleroderma, autoimmune diabetes mellitus and
Sjogren's syndrome also affect predominantly the female sex. Other arthritides,
including osteoarthritis (OA), and bone disorders, such as osteoporosis (OP), also
seem to be hormonally linked. OA occurs predominantly in females around the time of
the menopause and has been related to a period of hormonal imbalance, rather than
being due to simple 'wear and tear' as originally thought (reviewed by Spector &
Campion, 1989). Osteoporotic fractures are seen in 1:2 females but in only 1:40 men,
with an increase in the incidence from the seventh decade onwards. OP has been linked
to the loss of ovarian function and its onset is effectively delayed by the administration
of female sex hormones (reviewed by Hillard & Stevenson, 1991; Lindsay, 1991).
The role of the immune system in RA and the potential association with sex hormones
has resulted in an increasing interest in the role of these hormones in immune function.

Many of the initial investigations were centred around the effect of natural fluctuations
in endogenous hormone levels, and the effect of altering these levels, such as during
pregnancy, at the time of the menopause and with the use of oral contraceptives, in
relation to disease onset and activity. With the explosion of knowledge into the many
aspects of immunity in recent years, studies have become geared to a role for sex
hormones in specific aspects of the immune system which may in turn explain their role
in RA. However, pharmacological doses of the hormones are often employed in studies
of cell function in vitro, and one may question the relevance of this to the in vivo
situation.
The following review of the literature will begin by discussing the clinical and
epidemiological studies of sex hormones and the part they play in the pathogenesis of
RA, after a brief introduction into the production and metabolism of the sex hormones
and their receptors. Secondly, functional studies of sex hormones and the immune
system will be addressed, including the role of specific immune cell types, cytokines
released and adhesion molecules, in relation to the pathogenesis of RA as described
above. Comparisons are made between RA and SLE, as the hormones often appear to
have differing effects in these autoimmune diseases, which may be useful when trying
to unravel the complexities of sex hormones and the immune system.

1 .2

SEX HORMONES AND THEIR RECEPTORS

1.2.1

Production and Metabolism

Sex hormones are derived from cholesterol, with testosterone and oestradiol being the
major biologically active species (reviewed by Siiteri, 1979; Spector, 1989). The
various routes of hormone production and metabolism are summarised in Figure 1.1.
In men, testosterone is mainly derived from the testes (approximately 80%), with the
remainder originating from the adrenal glands. Testosterone is metabolised to
dihydrotestosterone (DHT) and to oestradiol, with a combination of all three hormones
being responsible for its biological effects. Oestradiol is formed from testosterone, as
described above, and also from the conversion of androstendione to oestrone. In
females, 30-40% of the total testosterone produced is from the peripheral conversion of
serum androstenedione, approximately 25% is from the ovaries, with the remainder
originating from the adrenals.
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Figure 1.1 Primary routes of biosynthesis and metabolism of the major sex steroids. (Spector, 1989).

The majority of circulating oestradiol in females derives from the follicle destined to
ovulate. Extra-glandular formation of oestrogen from circulating androgens is a
principal source of oestrogen, not only in males, but also in postmenopausal women.
The amount formed depends on the precursor availability and metabolic factors such as
obesity and hepatic disease. During pregnancy up to 50% of dehydroepiandrosterone
sulphate (DHEAS) is converted to oestradiol in the placenta which helps to maintain
high levels of this hormone.
The secretion of testosterone is controlled by luteinising hormone (LH) produced by the
pituitary, which in turn is under the control of luteinising hormone-releasing hormone
(LHRH) and factors such as circulating testosterone levels. Oestrogen secretion is
controlled by follicle-stimulating hormone (FSH) and also by positive and negative
feedback mechanisms relating to plasma levels. As LHRH can stimulate the release of
FSH as well as LH, and a separate follicle-stimulating hormone releasing-hormone has
yet to be defined, LHRH is sometimes referred to as gonadotropin-releasing hormone
(GnRH).
Steroid hormones in the blood are reversibly bound to albumin and other proteins,
including corticosteroid binding globulin (CBG) and sex hormone binding globulin
(SHBG), a glycoprotein of molecular weight 94 kD. The binding to albumin is weak
and non-specific, whereas binding to CBG and SHBG is of much higher affinity and is
specific. CBG binds cortisol and progesterone and SHBG binds androgens and
oestrogens with affinity: DHT > testosterone > oestradiol. The binding capacity of
SHBG is twice as great in females and oestrogens are able to stimulate, and androgens
suppress, SHBG synthesis. The result of this is that only approximately 2-3% of the
total steroid in serum occurs in a free form, available for target cell receptors. However,
the relevance of SHBG in sex hormone physiology is still unclear.

1.2.2

Receptors

To assess the sensitivity of a given cell type or tissue to the effects of sex hormones it is
essential to first ascertain whether or not specific receptors are present. The
development of radioactively labelled ligands enabled specific binding sites to be
detected. Subsequent to this, isolation of cDNA for the receptors has identified a family
of related genes which bind ligands of great diversity, including the adrenal steroids,
sex steroids and vitamin D3 (reviewed by Green & Chambon, 1986; Evans, 1988). The
initial cloning of the human glucocorticoid receptor (GR) demonstrated an incredible

similarity to the viral oncogene erbA (Hollenberg et al, 1985). This relationship was
confirmed for other receptors including that for oestrogen (ER) (Green et al, 1986). In
addition, the erbA proto-oncogene product was identified as the thyroid hormone
receptor (Weinberger et al., 1986). Thus, the steroid and thyroid hormone receptor
superfamily was defined, and is continuing to expand as more gene products are
identified. Two such products are ER-related genes 1 and 2 (ERR1 and ERR2), the
ligands for which are as yet unknown, hence the term 'orphan receptors' is used
(Giguere et al., 1988).
ER was identified within rat uterus, associated with the nuclear and cytosolic
components (Toft & Gorski, 1966). This led to the design of a two-step model for
oestrogen action within the cell, whereby cytoplasmic ER, upon binding oestrogen,
could translocate to the nucleus and activate specific genes (Jensen et al, 1968).
However, the subsequent development of immunocytochemical techniques allowed
receptors to be studied in situ, which demonstrated that the unoccupied ER resided in
the nucleus, and that the previously shown cytosolic form was in fact due to disruption
techniques employed during experimental procedures (King & Greene, 1984). Thus, a
new model was formulated in which the unoccupied form of the ER resided in the
nucleus, loosely associated with certain genomic elements, and subsequent hormone
binding resulted in a stronger association with these elements and hence the initiation of
transcription (Greene & Press, 1986). This model was also confirmed for other
members of the steroid and thyroid hormone receptor family. However, some
receptors, such as that for glucocorticoid, are cytoplasmic in nature. This is thought to
be due the presence of nuclear localisation domains within the GR which are inactive in
the absence of ligand. In the case of ER the nuclear localisation signal is constitutively
active (Picard et a l, 1990a).

Functional domains
The comparison of sequences for the sex steroid receptors along with mutation
experiments have revealed that functional domains exist, with each domain being
responsible for a specific step in receptor activation. Figure 1.2 demonstrates the
functional domains of the ER. Kumar et al. (1986; 1987) constructed a series of human
ER deletion mutants using site-directed mutagenesis, and transfected these into HeLa
cells, which do not express ER constitutively. They confirmed that the highly
conserved regions C and E were responsible for DNA- and ligand-binding,
respectively. In addition, they proposed that region D, whose length and composition

7

1

HgN - A

180

38

B

263 302

C

D

553 595

E

F - COOH

DNA binding
Ligand binding
Dimerisation
Nuclear localisation
Trans-activation
Binding of hsp
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did not affect receptor functioning, could act as a hinge between regions C and E, and
region A/B may be necessary for effective transcription in some oestrogen-responsive
genes. The mechanism of hormone-regulated gene expression has been widely
reviewed (Beato, 1989; Rories & Spelsberg, 1989; Gibson et al, 1990; Parker, 1990;
Wahli & Martinez, 1991; King, 1992).
The DNA-binding domain was found to be cysteine-rich and thus able to form two
'fingered' structures, Cl and CII, coordinated by a zinc ion. These zinc fingers thus
had the potential to interact with the DNA helix of a specific region of the genome,
known as a hormone responsive element (HRE). Receptor species are thought to be the
same in different tissues, therefore it is the difference between these nuclear binding
sites which is likely to determine a tissue-specific response of a given hormone. The
first, N-terminal, finger was shown to be responsible for specific DNA sequence
recognition, with the second likely to be involved in non-specific DNA binding and
hence stabilisation of the complex (Green et a l, 1988). In particular, it is the three
amino acids on the C-terminal side of Cl which confer sequence specificity (Mader et
al., 1989). Thus, binding of hormone-receptor complexes, the trans-acting proteins, to
cis-acting HRE sites on the DNA, via region C, culminates in transcriptional regulation
of hormone-responsive genes.
The sequences of specific HREs have now been defined. Klein-Hitpass et al. (1988)
found that the 13 bp oestrogen responsive element (ERE) of the Xenopus vitellogenin
A2 gene differed from that of the Al and the chicken vitellogenin II genes by only three
central positions, and hence they derived the consensus ERE: GGTCANNNTGACC.
An ERE has since been demonstrated in human genomic DNA (Inoue et al., 1991) and
EREs have also been reported in the 5' flanking region of both the human GnRH gene
(Radovick et al., 1991) and the rat prolactin gene (Maurer & Notides, 1987), and
within the rabbit progesterone receptor (PR) gene (Savouret et al., 1991). The
similarity between the sequences of the ERE and responsive elements for other
hormones, such as glucocorticoid and progesterone, means that substitution of just one
or two base pairs can be sufficient to convert one response element to another (Klock et
al., 1987). Interestingly, a protein capable of binding region II of the mouse MHC
class I regulatory element (H-2RIIBP) showed homology with the DNA-binding
domains of hormone receptors and was found to bind to an ERE (Hamada et al.,
1989). There is also the potential for 'cross-talk' whereby heterodimers are formed
between two subunits not normally associated, leading to an inhibition of a response
through a specific enhancer sequence (reviewed by King, 1992). A complex network

of interactions arises due to the conservation of both the structure of DNA-binding
domains and also homology of responsive elements (reviewed by Beato et al, 1989).
Sequencing of the HREs of the steroid hormone receptors revealed them to be
palindromic elements containing 5-6 bp in each half of the palindrome, separated by
3 bp (see Klock et a l, 1987). It was speculated therefore, that the hormone-receptor
complex would bind as a dimer. Indeed, it was found that the activated receptor, with
bound ligand, formed a homodimer via noncovalent interactions between the two C and
the two E regions, with the two C regions held together such that they could recognise
and bind the HRE simultaneously (Kumar & Chambon, 1988). The necessity of a
ligand-binding domain for receptor dimerisation and DNA-interaction is somewhat
controversial, with some reports stating that hormone-binding is essential for the
formation of stable dimers (Kumar & Chambon, 1988) and effective gene transcription
(Kumar et al, 1987; Webster et al, 1988), whereas others have reported that ER was
able to bind an ERE in the presence or absence of oestrogen, dependent on Mg2+
concentrations and temperature (Brown & Sharp, 1990), as a monomer or a dimer
(Medici e ta l, 1991).
One possible explanation for the contradictory literature is the association of the
receptor with a heat shock protein of 90 kD (hsp90). Hsp90 is a non-DNA, non-steroid
binding phosphoprotein which has been identified as a component of non-transformed
8S receptors of steroid hormones including progesterone, oestrogen, androgen and
glucocorticoid receptors (Catelli et a l, 1985). In addition, the production of certain heat
shock proteins, such as the 90 and 108 kD types, is dependent on sex hormones, and
their production is increased following acute or chronic stimulation with oestrogen
and/or progesterone (Ramachandran et al, 1988). Following studies with the GR, it
was hypothesised that the free hormone-binding domain complexes with hsp90, thus
preventing DNA-binding, with the binding of ligand subsequently relieving this
inhibition (Denis et a l, 1988; Picard et al., 1988). This was further supported by the
observation that deletion of the hormone-binding domain of ER inhibited interaction
with hsp90 (Green, 1990). Picard et al (1990b) demonstrated that reduced levels of
hsp90 inhibited GR transcriptional activity. However, Kumar et al. (1987) found that
by removing the hormone-binding domain of the ER, thus inhibiting association with
both ligand and hsp90, weak binding to the ERE could still occur. The interaction
between the ER and hsp90 was shown to require sequences N-terminal to the ligandbinding domain, as well as region E itself (see figure 1.2) (Schlatter et al., 1992).
Thus, in studies utilising a receptor which is already dissociated from hsp90, it may be
expected that DNA-binding would occur in the absence of hormone.

In general, it would seem that the presence of hormone is essential for gene regulation.
It has been suggested that DNA and oestrogen may act together to transform the ER
into the correct conformation for transcriptional activation, as DNA-binding altered the
dissociation of oestrogen from the receptor complex (Fritsch et al., 1992). A similar
theory of conformational change, this time by folding of the ERE into a structure which
could be bound more tightly, was proposed by Lannigan & Notides (1989). Synergism
between two ERE with individually low enhancer activities, resulting in a complex with
high oestrogen inducibility has also been reported (Klein-Hitpass et al., 1988). The
synergism was most efficient with ERE in close proximity, and was hypothesised to
occur as a result of short range DNA conformational changes. Thus, it may not be the
sequence of the HRE alone which confers specificity, but also the three dimensional
configuration of the DNA. The ER also requires phosphorylation for effective
activation, and conversely, dephosphorylation for inactivation. This was initially
thought to occur on tyrosine residues, but more recently it is the serine residues which
have been shown to be the primary target (Denton et al., 1992), suggesting a role for
protein kinase C (PKC) which is a serine-threonine kinase. It was proposed that
phosphorylation would increase the affinity of the receptor for DNA sequences and
therefore prolong the life of the ER/ERE complex.
Oestrogen is known to activate transcription by means of two intra-receptor sequences,
TAF-1, in the A/B region, and TAF-2, in the E/F region, as well as via the standard
transcription-activation function of the DNA-binding domain (Tora et al., 1989).
TAF-1 is constitutively active whereas TAF-2 requires oestrogen-binding. It is thought
that the anti-oestrogen, tamoxifen, acts as a partial agonist by the promotion of the
DNA-binding of an ER in which TAF-1 is active and TAF-2 is not (reviewed by
Green, 1990). In contrast, the full antagonist, ICI 164,384, binds the receptor and
induces a conformational change such that the complex can bind to the ERE, but fails to
promote subsequent transcriptional events (Sabbah etal., 1991).
Steroids can regulate gene expression at a transcriptional level or post-transcriptionally,
by affecting events such as mRNA processing and stabilisation, protein synthesis,
processing and secretion. As well as activating genes by binding to enhancer sequences
on the DNA, hormone receptors can mediate repression by binding silencers. This may
occur by the attachment to a different HRE, or in a competitive nature by binding to an
overlapping DNA sequence. Alternatively, a region other than the DNA-binding site
may be involved (reviewed by Beato, 1989). Steroid induction of transcription requires
numerous protein factors in addition to the primary requirement for an interaction of the
active receptor complex with its HRE.
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Figure 1.3 represents a possible mechanism for gene transcription (reviewed by Rories
& Spelsberg, 1989). Initially, the activated steroid receptor complex (R) binds to an
acceptor site (A), which then becomes associated with the nuclear matrix (NM), or
binds an acceptor site which is already linked to the nuclear matrix. This then enables
the DNA-binding domain of the receptor to interact with an HRE which may occur at
some distance from the acceptor site, and other transcription factors, denoted TF1 and
TF2, are then able to bind, with DNA folding occurring to bring the enhancer and
promoter sites into closer proximity. Finally, the protein-DNA complex thus formed is
recognised by RNA polymerase II, additional transcription factors bind and gene
transcription ensues. The complex remains in contact with the nuclear matrix as this
contains the hormone responsive genes.

1 .3

THE INFLUENCE OF SEX HORMONES IN RHEUMATOID
ARTHRITIS

1 .3 .1 Abnormalities in Sex Hormone Metabolism
Various clinical and epidemiological studies have been carried out in search of a link
between aberrant sex hormone metabolism or natural hormonal fluctuations and
autoimmunity. The results of studies of hormone levels in female patients have been
variable. Reductions in oestrone, DHEAS and testosterone levels have been recorded in
postmenopausal women, possibly as a result of corticosteroid therapy (Sambrook et
al., 1988), whereas a further study reported increases in testosterone, androstenedione
and DHEAS postmenopausally (Cutolo et al., 1986). An increase in cortisol levels in
both pre- and postmenopausal patients has also been observed, possibly as a result of
the stress and pain incurred (Spector et al., 1987). Thus, there is a great deal of
conflicting evidence for hormonal abnormalities in female RA sufferers.
The consistent finding however, is of low testosterone levels in male RA patients.
Studies which formed this conclusion measured either serum total (ie. bound and
unbound) testosterone (Cutolo et al., 1988), or both total and free (ie. unbound) levels
(Gordon et al., 1988; Spector et al., 1988; Swinden et al., 1990). Free, unbound
testosterone is believed to be the principal active androgen and is therefore a more
reliable indicator of androgen status than total serum testosterone alone. Gordon et al.
(1988) measured testosterone levels before, during and after rheumatoid flares in ten
male patients and concluded that this peak in disease activity was associated with
prolonged suppression of testicular function. The reductions in testosterone reported do
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not appear to be due to abnormalities in the hypothalamic-pituitary axis in that
responses to LH and FSH are as expected (Cutolo et al., 1988; Gordon et al.y 1988),
except for one study, which found no increase in LH in response to the lowered
testosterone (Spector et al., 1988). However, the latter occurred in both the RA group
and the OA controls, and is therefore more likely to be a result of chronic disease per
se. A lowered response to human chorionic gonadotropin (HCG), which stimulates
testicular testosterone production, was noted in one investigation, perhaps indicating a
reduced testicular steroid biosynthesis pool or chronically low gonadotropin stimulation
(Cutolo et al.y 1988).
Evidence suggests that there may also be a link between the HLA system, sex
hormones and RA (reviewed by Spector, 1989; Cutolo & Accardo, 1991). An
association between RA and the class II antigen DR4 is widely reported (Panayi et al.,
1978). Studies have shown a link between testosterone levels and the HLA-B locus
(Gerencer et al., 1982), and the enzyme 21-hydroxylase, responsible for synthesis of
both cortisol and sex steroids, has been mapped to within the class III region of
chromosome 6, close to the B locus (New, 1985). It has been speculated that gene(s)
within the HLA region could therefore either influence androgen metabolism directly,
for example via 21-hydroxylase, or perhaps class I and II molecules, important in
antigen presentation to T cells, interact with specific androgen receptors on specialised
antigen presenting cells (APC) (reviewed by Cutolo & Accardo, 1991). In the mouse,
several loci in the MHC control both the immune system and various aspects of sex
differentiation, including blood testosterone and testosterone binding globulin levels
and sensitivity to testosterone (Ivanyi et al.y 1972). Thus, in genetically susceptible
individuals, there may by abnormal hormone metabolism which leads to, or
exacerbates, RA. However, it may be the case that alterations in hormonal levels are a
consequence of the disease and/or treatment rather than being the predisposing factor.
If the oestrogen/androgen story were to be taken literally then it could be concluded that
women are protected by endogenous hormones up to the onset of the menopause when
onset of RA is most likely to occur. In males there is an inverse relationship due to
declining androgen levels with age. Any event which prematurely upsets the balance of
hormones is thus likely to lead to onset of disease in susceptible individuals. However,
as will be seen in the proceeding sections, events which cause considerable change to
the body's natural hormonal pattern, such as pregnancy and the ingestion of oral
contraceptives, do not have such clear-cut effects, and the endocrine-immune
association seems to be far more complicated than anticipated (reviewed by Spector,
1989; DaSilva & Hall, 1992).

1 .3 .2 The Menstrual Cycle and the Menopause
A recent report has shown that the average female develops her first symptoms of RA at
the time of her menopause (McHugh, 1990). Indeed, the female:male ratio in RA
reaches a peak at the age of 40-44 years, then declines to unity after the sixth decade of
life (Goemaere et al., 1990). Although the effects of dramatic hormonal fluctuations at
the time of the menopause on RA appear to be very clear cut, relatively moderate
cyclical hormonal changes, such as those which occur during the menstrual cycle, seem
to have less obvious effects. There have been reports of differences in disease activity
at various stages of the cycle (Latman, 1983; Rudge eta l., 1983; Grinlinton, 1988).
Reductions in severity were recorded during the postovulatory phase, when plasma
concentrations of progesterone and oestrogen are high (Latman, 1983), and increases in
clinical measurements of RA disease activity were detected in the late-luteal phase
compared to the mid-follicular phase, following these hormonal surges (Grinlinton,
1988). However, others have failed to demonstrate any effect of the menstrual cycle on
RA (Goldstein etal., 1987).

1 .3 .3 Oral Contraceptive Use
Data regarding the use of oral contraceptives and RA needs careful analysis due to the
influence of a variety of parameters. First, studies are either of the cohort type,
whereby individuals without RA are followed and examined for the later development
of the disease, or are case-control studies in which RA patients are compared to
controls without RA for past and present use of oral contraceptives. Secondly, the
choice of controls for case-control studies is an important consideration, as is the date
of the study, whether it be of the cohort or case-control type, its location and the
collection of data following the survey. Attempts have been made to clarify the potential
confounding issues (Esdaile, 1989).
In two cohort studies, one from the UK and one from the USA, no protection from oral
contraceptive use was seen (Hannaford et al., 1990; Hemandez-Avila et al., 1990). The
former group summarised the data from a large study originating from the Royal
College of General Practitioners which began in 1968. The data available in 1978
suggested a halving of the risk for RA in current users (Royal College of General
Practitioners, 1978), but by 1987 the benefit seemed to have disappeared. It was
suggested that a reduction in the incidence of RA amongst former and never users
between 1968 and 1987, with no such trend seen with current users of oral

contraceptives, meant that the ratio between current and never users had approached
unity. Another possible explanation is that the change from high oestrogen to low
oestrogen oral contraceptives resulted in the loss of a protective effect.
Other studies however, have reported a protective effect of oral contraceptive use to
date in RA (Vandenbrouke et al., 1982; Vandenbrouke et al., 1986; Hazes et al.,
1989a; Koepsell et al., 1989; Hazes et al., 1990a; Hazes et al., 1990b; Spector et al.,
1990). This includes protection with current but not past use (Koepsell et al., 1989), a
reduction in RA but only with oral contraceptive use before the age of 35 (Spector et
al., 1990) or greater protection in females with a family history of RA and those aged
31-40 years at the onset of the disease (Hazes et al., 1990b). Alternatively, there may
simply be a protective effect reported, independent of age or whether use is past or
present. To overcome the problem of adequate control selection, Hazes et al. (1989b;
1990a) used female siblings, either sisters also suffering from RA in multicase families,
or unaffected sisters from sporadic case families. These results showed a protective
effect which was much stronger in the multicase than the sporadic case families. In a
recent review it was concluded that oral contraceptives may mitigate or postpone the
onset of RA slightly, but that oestrogens are not able to alleviate the symptoms (see
Section 1.3.5) (Bijlsma & van den Brink, 1992).
The data from twelve conflicting studies, incorporating four different countries, was
analysed, and the overall trend was for a slight protective effect in case-control studies
but no effect in cohort studies (Romieu et al., 1989). Another review of the literature
concluded that in general, data originating from American studies failed to show a
benefit from oral contraceptive use in RA, whereas European findings usually indicated
considerable protection (Vandenbrouke et al., 1989). When disease course was
followed in RA patients over a period of 6 years in relation to past or present use of
oral contraceptives, it was concluded that use prior to disease onset was associated with
a reduction in the severity of the condition (van Zeben et al., 1990). In their review of
the literature, Spector and Hochberg (1989) also surmised that rather than being
’protective', oral contraceptives may serve to prevent the progression from mild to
severe forms of RA. This may also explain the divergence between American and
European studies, as the majority of European investigations were hospital based,
where patients with more severe forms of the disease are likely to be included (Hazes &
van Zeben, 1991). However, as any protective effect seen was independent of dose,
duration of use and the presence of DR4 (Hazes et al., 1990b), and the use of female
sex hormones therapeutically has shown little benefit (see Section 1.3.5), this

hypothesis would also seem to be inadequate to encompass all of the complexities in
this area.

1 .3 .4 Pregnancy
One consistent finding that links hormonal variations with changes in the immune
system is that of a remission of RA during pregnancy (reviewed by Spector & DaSilva,
1992). A considerable proportion of RA sufferers have been found to go into clinical
remission during pregnancy, but an equally large number suffer a postpartum
exacerbation of the disease (Ostensen et al., 1983; del Junco et al., 1989). This pattern
has been shown both in classical RA and in a patient with palindromic RA (Verwilghen
& Panayi, 1992). When attempting to uncover the cause of pregnancy-induced
remission in RA, levels of immune complexes and rheumatoid factors were seen to
vary during and after pregnancy in a small number of patients, with some correlation
between levels and the clinical changes recorded (Pope et al., 1983). The levels of all
the sex steroids increase dramatically during the third trimester, which could potentially
act to suppress the maternal immune system. It has been proposed that progesterone is
the essential hormone for control of immunity during pregnancy (reviewed by Stites &
Siiteri, 1983). However, the factor(s) responsible for the postpartum flare have yet to
be elucidated. When a group of RA sufferers were followed during and after
pregnancy, it was found that the increased risk was highest during the first three
months postpartum, but persisted for the subsequent nine months. This flare was
greatest in women who had disease onset after their first pregnancy, suggesting that the
hormonal changes which occur, or the exposure to paternal HLA antigens may be of
influence (Silman et al., 1992). Disease activity during pregnancy has also been related
to the similarity between maternal and foetal HLA, with an amelioration in maternal RA
associated with a disparity in HLA class II antigens between the mother and foetus,
especially HLA-DRB1, -DQA and -DQB (Nelson et al., 1992; Nelson et al., 1993).
Rather than pregnancy per se influencing disease progression, it has also been
suggested that lower fertility rates (del Junco et al., 1989) or poor reproductive
outcome (Silman et al., 1988) may be risk factors for RA. However, these
observations have since been disputed (McHugh, 1990; Spector & Silman, 1990). In
1992, Pritchard published a report which concluded that although pregnancy was found
to ameliorate RA, it was also the most common identifiable event leading up to the
onset of disease in females of childbearing age. Thus, pregnancy itself maybe a risk
factor for the development of RA, perhaps explaining the protective effect seen with
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oral contraceptives by some groups (see Section 1.3.3). However, it has also been
reported that nulliparity is detrimental, and that nulliparous, non-oral contraceptive
users had a four-fold higher risk of RA compared to parous oral contraceptive users
(Spector et al., 1990). The contradictions in the literature are reviewed by Hazes (1991)
and Silman (1992). The influence of oral contraceptives and pregnancy is brought into
context somewhat by the results of a survey into the incidence of RA in a group of
nuns, and the finding that the prevalence of the disease is identical to that in the general
population (McGill & Brougham, 1990).
The overall picture is that there is no benefit of pregnancy in the long-term, only whilst
the immune system is compromised to prevent rejection of the foetus. Pregnancy serum
was found to contain a substance which could stabilise lysosomal membranes (Hempel
et al.t 1970) and interfere with polymorphonuclear leukocyte (PMNL) phagocytosis
(Persellin & Leibfarth, 1978) and may thus account, at least in part, for the reduction in
inflammation seen. This was observed in particular with third trimester serum, which
correlates with the peak of disease suppression. Various factors released during
pregnancy have the potential to modulate the inflammatory process in such a way that
they have an ameliorating effect in RA (reviewed by Nicholas & Panayi, 1988). Such
factors include alphafetoprotein (Lu et al., 1984) which can inhibit macrophage class II
expression, and pregnancy-associated oc2 glycoprotein which has been reported to
reduce human monocyte Fc receptor and HLA-DR expression (Thomson et al., 1979;
Persellin & Rhodes, 1981). However, the immunomodulatory activities of certain
factors are now thought to be due to contaminating species, for example HCG, which
was found to be contaminated with uromodulin, a naturally occurring IL-1 inhibitor
(see Section 1.8.1) (Muchmore & Decker, 1985). When pregnancy serum was
fractionated, two regions of immunosuppressive activity were located and it was
postulated that these exist in normal sera as inactive complexes and are activated during
pregnancy (Davies & Browne, 1985).

1 .3 .5 Therapeutic Uses of Sex Hormones
The first female sex hormone preparations became available in the early 1960s and their
effect on RA was subsequently investigated. Norethynodrel, a combination of
ethinyloestradiol and progesterone resulted in some improvement in all of the six
patients initially studied (Blais & Demers, 1962). More recently, when female patients
were treated with ethinyloestradiol alone a certain degree of amelioration of symptoms
was recorded (van den Brink et al., 1989), whereas with patients treated with the high-

dose oral contraceptive Lyndiol no effect was reported (Hazes et al., 1989c). The use
of hormone replacement therapy in RA has also been found to be ineffective (Carette et
al., 1989), whereas the treatment of peri- and postmenopausal women with noncontraceptive hormones prior to disease onset considerably reduced the risk of
subsequent development of RA (Vandenbrouke et al., 1986). However, a recent review
concluded that the use of oestrogens in RA is an ineffective form of therapy (Bijlsma &
van den Brink, 1992). Progesterone has also been used, as an intra-articular
administration in twelve RA patients, with potent local anti-inflammatory effects,
possibly as a result of agonistic glucocorticoid-like effects at high steroid levels
(Cuchacovich et al., 1988).
The testosterone deficiency recorded in a high proportion of male RA sufferers lead to
the treatment of seven male patients with 120 mg/day testosterone undecanoate for six
months (Cutolo et al., 1991). This resulted in an increase in total testosterone and
DHEAS levels and a reduction in FSH and LH, which was associated with
improvements in disease parameters and clinical status, including an increase in the
number of CD8+ T cells and a reduction in the CD4:CD8 ratio (see Section 1.6.2).
Therefore, although some success has been recorded with the use of oestrogens and
androgens as therapy in RA further investigations are required before any firm
conclusions can be made. All the hormones used to date have been synthetic and it may
prove worthwhile to use naturally occurring hormones in the future.

1 .4

THE INFLUENCE OF SEX HORMONES IN SYSTEMIC LUPUS
ERYTHEMATOSUS

Whereas in RA females seem most susceptible to development of the disease at the time
of the menopause, females of child-bearing age are most susceptible to SLE. In this
age-group the female:male ratio is 9:1. However, the ratio is considerably reduced in
prepubertal children and after the menopause (reviewed by Lahita, 1985). There is also
a link with Klinefelter's syndrome, in that increased oestrogenicity in males with the
disorder leads to an heightened tendency to develop autoimmune conditions, including
SLE and RA (Stem et al., 1977). Pregnancy has been associated with both the onset of
the disease (Mund etal., 1963) and increases in the severity in patients with disease
onset prior to pregnancy (Tincani et al., 1991). In addition, fluctuations in endogenous
hormonal levels during the normal menses have also been stated to have detrimental
effects on disease activity, with approximately 60% of patients in one study reporting
adverse symptoms in the ten days prior to menstruation (Rose & Pillsbury, 1944). As

with RA, the use of oral contraceptives is a rather confounding issue. A worsening of
disease symptoms was reported with oestrogen oral contraceptives, whereas pure
progesterones did not result in an exacerbation (Jungers et al., 1982). However, in a
later study of eighty-five female SLE patients no such association was found, although
most of the patients included suffered only mild disease, in contrast to the Jungers
study which consisted solely of those with severe SLE (Julkunen, 1991).

1 .4 .1 Abnormalities in Sex Hormone Metabolism
SLE has been associated with an increased 16a-hydroxylation of oestrone resulting in
elevated levels of metabolites which are highly oestrogenic. This was found to occur in
both male and female patients, and family data indicated that it could be an inherent
abnormality (Lahita etal., 1982). Steroids such as cortisol and 16a-hydroxyoestrone
which possess a stable ketol moiety are able to form stable covalent adducts with
proteins. The reaction occurs preferentially with membrane proteins and increased
levels of these 16a-hydroxyoestrone-protein adducts have been found on the
membranes of red cells and lymphocytes of female SLE patients and also in pregnant
women (Bucala et al., 1984; Bucala et al., 1985). Anti-oestrogen antibodies were
found to correlate with levels of plasma 16a-hydroxyoestrone and with active disease
which may contribute to the pathogenicity of SLE (Bucala et al., 1987; Counihan et al.,
1991). Interestingly, antibodies to the 16a-hydroxyoestrone-modified proteins were
detected in 26% of SLE patients and in 25% of normal, disease-free females with a
history of oral contraceptive use (Bucala et al., 1987; Counihan et al., 1991).
An increased oxidation of testosterone at the C-17 position has been reported in females
with active disease, which would also have the potential to enhance levels of the female
sex hormones (Lahita et al., 1983). Hormonal variations due to increased 16ahydroxylation and oxidation at C-17 have been postulated to be important in the
enhanced disease symptoms seen during pregnancy (reviewed by Lahita, 1992). In
males with SLE, increased resting serum levels of oestrone, androstenedione and LH
were detected, with concomitant reductions in testosterone, DHT and oestradiol
(Lavalle et al., 1987). It was concluded that androstenedione to testosterone, and
testosterone to DHT conversions were impaired, with the resulting low testosterone and
DHT in turn stimulating LH release via the normal feedback mechanism. This supports
the work of Lahita et al. (1982) showing the preferential accumulation of 16ahydroxylation products, androstenedione and oestrone. Reduced serum oestradiol and
increased testosterone have also been reported in a group of postmenopausal SLE
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patients (Folomeev et al., 1989). Other abnormalities in hormonal metabolism in SLE
include progesterone deficiency (Amalich et al., 1992) and elevated prolactin levels
(Lavalle et al., 1987). However, the general finding in SLE is of an abnormality in sex
hormone metabolism resulting in a reduction in androgen levels and a hyperoestrogenic
state (reviewed by Talal & Ansar Ahmed, 1987).

1 .4 .2 Therapeutic Uses of Sex Hormones
As a result of studies into abnormal hormonal metabolism in SLE, compounds with
potent antioestrogenic and proandrogenic effects were considered as potential
therapeutic agents. Androgens and synthetic hydroxy progesterone derivatives have
been tried with variable results (reviewed by Asherson & Lahita, 1991). In five patients
with Klinefelter's syndrome associated with autoimmune disease, three with Sjogren's
syndrome and two with SLE, treatment with testosterone undecanoate resulted in a
correction of abnormal testosterone and LH levels, as well as normalisation of CD3+
and CD8+ numbers, with a concomitant correction of the CD4:CD8 ratio (Bizzarro et
al., 1987). In addition, all patients treated went into a clinical remission.

1 .5

ANIMAL MODELS OF AUTOIMMUNITY

The link between gender, sex hormones and autoimmune disease is more clearly seen
in animal models (reviewed by Ansar Ahmed et al.y 1985a; Lahita, 1985; Holmdahl et
al.y 1989; Ansar Ahmed & Talal, 1990). Type II collagen-induced arthritis (CIA), a
common experimental model for arthritis in rats and mice, appears to be controlled by
sex hormones. It has been shown, for example, that sex hormone-related phenomena
such as pregnancy-induced remission and postpartum flare of the disease, can be
reproduced in this animal model (Mattson et a l ., 1991). Treatment of mice with 17J3oestradiol delayed the onset without affecting the incidence of CIA, whereas treatment
after the onset reduced both the severity and duration of the disease (reviewed by
Holmdahl et al.y 1989).
The FI hybrid mouse strain from B10Q and DBA/1 parentals (QD strain) is highly
susceptible to CIA, with the incidence being greater in males than females, in contrast
to human RA. Treatment with oestrogen resulted in a reduction in disease
manifestations in both castrated and non-castrated males, whereas testosterone implants
in normal female mice caused an exaggeration of CIA, via an inhibition of ovarian

oestrogen production (Jansson & Holmdahl, 1992). Collagen-induced T cell-mediated
arthritis in DBA/1 mice is also readily inducible in males rather than females, and the
male preponderance for development of CIA has been demonstrated in other mouse
strains, with oophorectomy significantly enhancing the expression of the disease in
females (Holmdahl et al., 1986). In contrast to the above mouse models, in Lewis rats
CIA is readily induced in females rather than males. However, castration of female rats
produced similar effects to castration of female mice, in that an increase the incidence of
polyarthritis occurred, which was reversed following treatment with 17p-oestradiol
(Larsson & Holmdahl, 1987), further supporting an important role for oestrogen in the
protection against this model of RA.
The above results with CIA demonstrate an apparent role for oestrogen in the protection
against the development and/or reduction in severity of the disease. However, in other
animal models of autoimmunity androgens appear to be the significant contributory
factor. For example, male LEW/N rats are relatively resistant to an induced form of
polyarthritis, thought to be due to the presence of male sex hormones, with
orchidectomy or oestrogen therapy increasing their susceptibility (Allen et al., 1983).
MRL-lpr mice, which spontaneously develop an aggressive lupus and
lymphoproliferative disorder, show reduced antibody levels following treatment with
androgens (Steinberg et al., 1980). Thus, oestrogens and androgens can have opposing
effects on different autoimmune conditions, and potentially on the same autoimmune
condition expressed in different animal models.
Perhaps the most widely reported animal model of autoimmunity is the New Zealand
black (NZB)/New Zealand white (NZW) FI hybrid mouse model (B/W). Females have
an accelerated expression of lupus and Sjogren's syndrome-like diseases, compared
with males, with high levels of circulating antibodies and immune complexes. This
strain is considered a laboratory model for SLE and demonstrates the opposing
hormonal effects to those seen with animal models of arthritis, in as much as
oestrogens exaggerate and androgens ameliorate the condition. Prepubertal
orchidectomy increased expression of the disease in males and replacement with the
male sex hormone DHT delayed the onset (Roubinian etal., 1978). Prepubertal
castration of females, in contrast, had no effect on disease progression. However,
when castration of female or male mice was combined with 17p-oestradiol alone, or in
conjunction with either DHT or progesterone, increased mortality, autoantibody
production and immune complex nephritis was observed (Roubinian et al., 1979a). The
increase in mortality in males was reduced following administration of progesterone
alone, whereas danazol, a weakly androgenic preparation, was ineffective, but the anti-
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androgen, cyproterone acetate, lead to premature autoantibody production in male mice.
DHT also increased survival of female B/W mice, even if given after the onset of
disease, although anti-DNA antibodies were still found to be present, suggesting that
the mode of action may be via a reduction in immune complex deposition (Roubinian et
al.y 1979b). In addition, androgens reduced and oestrogens enhanced spontaneouslyand immunisation-induced antibodies to ssDNA in NZB/NZB, NZB/C3H, NZB/CBA
and NZB/DBA mice (Steinberg et al.y 1979). Young castrated male B/W mice with an
oestrogen implant produced increased IgM antibodies to a variety of antigens, whereas
testosterone was ineffective. Older female B/W mice receiving testosterone responded
in the same manner as age-matched males (Brick et al.y 1985).
Evidence points to a direct effect of sex hormones on immunity. However, it is also
possible that differences in immune reactivity between the sexes is due to an effect of
sex chromosomes, or genetic background, rather than a direct hormonal effect. For
example, NZB mice appear to be insensitive to the suppressive effects of testosterone,
an effect which may be genetically mediated (Raveche et a l.y 1979). In addition, not all
mouse strains are susceptible to oestrogen-mediated suppression of CIA, therefore,
there may be a genetic restriction to sensitivity (reviewed by Holmdahl et al.t 1989).
Holmdahl et al. (1992) reported that the spontaneously developing arthritis in DBA/1
mice is dependent on DBA/1 recessive genes. When FI hybrids were created between
this strain and BXSB mice, earlier development of the disease was seen, suggesting
that the BXSB genetic background had a permissive and contributory effect on disease
progression. In addition, there is some evidence for a Y-chromosomal link with the
susceptibility of male BXSB mice to develop a lupus-like syndrome (Murphy & Roths,
1979). X-linked genes may also contribute to differences in immune function observed,
for example, experimental autoimmune thyroiditis in rats was thought to be associated
with the X chromosome (Lillehoj et al.y 1981). To overcome this problem either
reciprocal crosses or castrated and hormonally altered animals were studied, with the
results indicating that although genetic influences may come into play, sex hormones
per se seem to have an important role in controlling the immune system (Steinberg et
al.y

1979).

Other problems encountered when studying hormonal effects in vivo include, the ability
of testosterone to be metabolised to oestrogen, the dose of hormones used, the age of
administration of the hormones and the differential effects on differing autoantibodies
and various immune responses studied (Steinberg et al.y 1979). Behaviour can also
seemingly affect disease outcome (Holmdahl et al.y 1992). Therefore, although it is

possible to overcome these considerations via careful experimental design, it is
important to keep an open mind when interpreting the literature.
In summary, oestrogen has been shown to enhance autoantibody production in certain
autoimmune conditions which rely on B cell hyperactivity, such as SLE, but oestrogens
can also seemingly reduce autoimmunity mediated by T cells, for example in RA.
However, this is likely to be a gross oversimplification of a complex balance of the
hormones and their metabolites occurring in vivo.

1 .6

SEX HORMONES AND THE IMMUNE SYSTEM

In 1968 Terres et al. reported a quantitative difference between the immune response of
males and females. The observations were made when studying antibody production in
Swiss Albino mice following an antigenic challenge, when it was found that female
mice produced 10-85 times more antibody than males. Previous observations of
qualitatively higher immunoglobulin levels in normal female adults and children, of
both IgM (Butterworth et al., 1967) and IgG (Lichtman et al., 1967) subtypes had been
made. In general, it seems reasonable to conclude that females have greater immunity,
both humoral and cell-mediated, than males, although there has been some
disagreement on this, with Santoli et al. (1976) stating that, in humans, males have the
stronger cell-mediated immune response.
When considering individual hormones, oestrogens, androgens and progesterone all
seem able to modulate the cell-mediated immune system. The following Sections
concentrate mainly on the effects of oestrogens and androgens, although progesterone
has also been reported to have important immunosuppressive actions such as increasing
skin graft survival (Kind & Ciaccio, 1980), reducing immune spleen cell function
(Sekiya et al., 1975) and enhancing suppressor T cell activity in vitro (Holdstock et al.,
1982). The effects of progesterone and other sex hormones on immune function and
autoimmunity have been widely reviewed (Stites & Siiteri, 1983; Grossman, 1984;
Ansar Ahmed et al., 1985a; Lahita, 1985; Talal & Ansar Ahmed, 1987; Ansar Ahmed
& Talal, 1990; Lahita, 1990; Denman, 1991). Many of the initial studies of sex
hormone effects in the immune system related to modulation of thymus function. More
recently, specific immune cell types have been analysed.

1 .6 .1 The Thymus
Administration of sex hormones in vivo was found to result in a change in thymic
weight, with oestrogenic compounds causing hypertrophy and androgenic compounds
causing atrophy (Chiodi, 1940). These findings, along with the observation that both
oestradiol (Grossman et al., 1982) and testosterone (Grossman et al., 1983) were able
to regulate the release of thymic serum factors, fuelled ideas that hormonal modulation
of the immune system may occur via the thymus. Grossman et al. (1982; 1983)
performed experiments to study the in vitro response of thymic lymphocytes to
concanavalin-A (ConA) or phytohaemagglutinin (PHA) under the influence of specific
thymic factors from either control, castrate, thymectomised or castrate and
thymectomised male rats, treated with or without oestradiol or DHT. They reported that
in cultures with castrate rat serum there was an increased response to both mitogens
which could be reduced by using sera from oestrogen-treated animals. A heightened
response to PHA was also seen with sera from thymectomised rats and this was lost
when the animals had been treated with either oestradiol or DHT. No stimulation of the
PHA response was seen in castrate, thymectomised animals. This led to the hypothesis
that there are thymic-derived serum stimulatory and inhibitory factors, and gonadal
stimulatory and inhibitory factors, with the latter affecting the former, and with all
under the influence of the sex hormones.
There have also been a number of in vivo studies directed towards finding specific
thymic-derived factor(s) which are controlled by sex hormones and which, in turn,
affect immunity. In 1991, Erbach & Bahr measured oestrogen effects on antibody
responses in ovariectomised adult Lewis rats which had been thymectomised or shamoperated. It was found that an intact thymus and oestradiol treatment were prerequisites
for enhanced antibody production in response to a given stimulus, a response which
could be mimicked in ovariectomised/thymectomised animals by the administration of
oestradiol and thymosin fraction 5. Thymic epithelial cells produce a number of soluble
factors and hormones which are involved in the development of the T cell system and
hence in the regulation of immunity. Many of the activities were found to reside in
thymosin fraction 5, which is a semipurified aqueous extract of calf thymus. Thus, it
appears that potentiation of humoral immunity by oestrogen requires a constitutive
thymic factor. As injection of immunodeficient old mice with synthetic thymosin ai, a
28 amino acid residue peptide from thymosin extract 5, restored T-helper cell activity,
IL-2 production and IL-2 receptor expression (Doria et al., 1992) it is tempting to
speculate that such a factor could be crucial in the development and maintenance of a
functional immune system.

The first reports of sex hormone receptors within the immune system were of oestrogen
and androgen binding sites in the thymus (reviewed by Grossman, 1984). These
observations were made using rat and mouse tissue and there was some contention as
to whether the receptors were localised to the reticuloepithelial matrix of the thymus, or
whether their distribution was more widespread. Recently, androgen receptors (AR)
have been found on human thymocytes (Kovacs & Olsen, 1987), indicating that sex
hormone receptors have various locations within the thymus. In support of a
predominantly reticuloepithelial location for sex hormone receptors, Luster et al. (1984)
found that it was the supernatants from thymic epithelial cultures, rather than from
thymocytes, when incubated with oestrogen, that were compromised in terms of
supporting mitogenic responses. However, the proceding observations provide
overwhelming evidence for the additional presence of receptors on thymocytes.
The enzyme 20ahydroxysteroid dehydrogenase (20aSDH) is located in thymocytes, 0bearing splenic lymphocytes and in bone marrow pre-T-lymphocytes (large cells), but
not in non-lymphoid haematopoietic cells, and is therefore used as a marker for thymic,
as well as splenic and bone marrow cells. By measuring changes in 20ocSDH activity it
was found that when testosterone and its metabolites were administered to castrated
mice there was an increase in the number of large cells in the bone marrow, with a
concomitant reduction in thymic cell number. However, the residual thymic cells were
of the more mature type, responded vigorously to PHA and ConA and possessed most
of the 20aSDH activity (Weinstein & Berkovich, 1981; Weinstein & Isakov, 1983). It
was suggested that changes caused by testosterone in the marrow affected the thymus
via alteration of thymic cell subpopulations (Weinstein & Berkovich, 1981). In
addition, oestrogen has been found to affect thymic cell populations and, as with
testosterone, it was found that oestradiol implants in castrated B/W mice led to an
increase in mature thymocytes. These were of the 'helper' rather than 'suppressor'
phenotype, ie. those with Lyt 1+2- antigens on their cell surface (Novotny et al.,
1983). It was postulated that the effects of oestradiol on the thymus were both direct
and indirect, with direct action on thymic ER, and indirectly via an alteration in bone
marrow precursor cells. More recently oestrogen effects on a broad range of thymocyte
subpopulations have been studied (Screpanti et al., 1991). The major consequence of
oestradiol administration to mice was seen to be a redistribution of subsets which
appeared to occur via a selective depletion of 'immature' and 'intermediate' thymocyte
cell populations. The enrichment of 'mature' cell subsets which resulted could have
been due to the loss of the less mature subsets, or could theoretically have been due to
oestrogen driving cells towards further steps of differentiation. As IL-la mRNA levels
were elevated in the thymus following oestrogen exposure, and IL-1 has also been

shown to alter thymocyte subset patterns (Fowlkes et al., 1987), it was hypothesised
that oestrogen may be acting by stimulating the release of this important cytokine.

1.6.2 T Cells
Sex hormones have been reported to influence T cell responses both in vitro and in
vivo. Various hormones, including oestradiol, progesterone, testosterone,
diethylstilbestrol (DES), cortisol and 11-desoxycortisol (a steroid with low biological
potency) were all able to inhibit PHA- and ConA-induced human lymphocyte
proliferation, whether the donor was male or female (Ablin et al., 1974; Mendelsohn et
al., 1977; Wyle & Kent, 1977). Other observations such as increased tumour survival
in oestrogen-treated female mice compared to androgen-treated females, contrasting to
increased tumour survival rate in androgen-treated male mice, demonstrate that
oestrogens and androgens are able to act preferentially on female and male cells,
respectively (Franks, 1975). When responses of human female lymphocytes to PHAstimulation were studied during the menstrual, follicular and luteal phases of the
menstrual cycle, no difference was seen (Caggiula et al., 1990), indicating that normal
endogenous fluctuations in hormone levels do not alter this one aspect of immune
function.
Weinstein et al. (1984) looked at lymphocyte responses in various strains of mice and
found cells from female or testosterone-insensitive males to be more reactive in the
mixed lymphocyte reaction (MLR). Oestrogen implants in male mice led to an increased
responsiveness. In addition, castration of male mice enhanced and androgen treatment
of females depressed antigen presentation, once again demonstrating the opposing
effects of male and female sex hormones in immunity. In the MLR in rats, tamoxifen
was seen to be inhibitory, whereas oestrogen was ineffective at physiological
concentrations but reduced reactivity at pharmacological concentrations (Baral et al.,
1991). In a study of oestrogen and testosterone modulation of DTH and antibody
production in a variety of normal and autoimmune mouse strains, Carlsten et al. (1989)
concluded that the effects of both sex hormones on immune functions are genetically
linked but that the genetic basis for hormone susceptibility is different for oestrogen and
testosterone. It has since been suggested that the gene encoding for oestrogen-mediated
suppression of DTH is specific for T cell-dependent inflammatory responses and is
independent from histocompatibility products (Carlsten & Tarkowski, 1993).
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The finding that the MLR could be enhanced in both sexes by removing suppressor T
cells (CD8+ T cells) or by the addition of a T cell growth factor (Weinstein et a l,
1984), led to the hypothesis that oestrogen may selectively act on this T cell population.
This observation was further supported by the findings of studies with normal and
autoimmune mice, whereby oestrogen depressed the Lyt-2+ cell population (analogous
to human CD8+ T cells) and testosterone enhanced or maintained levels (Ansar Ahmed
et a l, 1985b). Binding sites for dexamethasone, oestrogen, progesterone and
androgens were detected on human leukaemic cells (Danel et a l, 1981) and ER was
shown to be present on human PBMC (Danel et a l, 1983). Subsequently, Cohen et al
(1983) further purified T cells from thoracic duct lymph and found that ER were
present on the CD8+ subpopulation, with AR being undetectable. Kovacs & Olsen
(1987) also failed to demonstrate AR on human PBMC, T cells or Jurkat cells. Stimson
(1988) provided further evidence for the presence of ER on the CD8+ T cell
population, and found the CD4+ subset to be ER-negative. In addition, a CD8+enriched spleen cell population responded to 17p-oestradiol with a dose-dependent
increase in immunoglobulin secretion, primarily IgM, whereas CD4+-enriched spleen
cells were unresponsive (Stimson, 1988). The theory thus proposed was that oestrogen
acts to depress the CD8+ population of T cells, leading to an increase in B cell
differentiation and an increased antibody production.
CD4 and CD8 molecules are members of the immunoglobulin family of adhesion
molecules (see Section 1.7). CD8 acts as a co-receptor with the T cell receptor for class
I MHC molecules on the surface of suppressor/cytotoxic T cells. CD4 is a co-receptor
with the T cell receptor for class II MHC on helper/inducer T cells. Thus, both
molecules are essential for an effective immune system (reviewed by Springer, 1990).
Veys et al (1982) reported a reduction in CD8+ T lymphocytes in the peripheral blood
of RA patients, whilst CD3+ and CD4+ cell numbers remained unchanged, hence the
CD4:CD8 ratio was seen to increase. However, in paired synovial fluid samples, CD4+
cells were detected at lower levels and CD8+ cells were increased compared to
peripheral blood. Emery et al (1987) utilised a different panel of monoclonal antibodies
(mAb) which allowed a distinction to be made between helper/inducer (CD4+4B4+)
and suppressor/inducer (CD4+2H4+) cell populations, the latter of which induce CD8+
cells. They reported a depletion of the CD4+2H4+ subset in blood and synovial fluid
samples from RA patients, and an increase in the ratio of the two subsets, especially in
synovial fluid. However, no difference in the CD4:CD8 ratios could be found. The
group concluded that the reduced CD4:CD8 ratio reported in RA synovial fluid could be
due to an underlying deficit in the CD4+2H4+ subset and that, when the balance

28
between the two CD4+ subsets becomes significantly altered, failure to induce CD8+
cells may occur.
When studying CIA in rats, an anti-arthritic effect with oestrogen was seen in the
absence of CD8+ T cells (Larsson et al., 1989). However, depletion of CD8+ T cells
itself reduced the incidence of CIA in non-oestrogen treated, thymectomised rats,
suggesting that this cell subset is of importance. Rather than a direct effect of oestrogen
on CD8+ cells, an increase in the murine T-helper cell (CD4+) subset has also been
reported with oestrogen (Novotny et al., 1983), and in ten patients treated with a daily
dose of a CD4 mAb, six showed a clinical response (Reiter et al., 1991).
In premature ovarian failure T lymphocyte activation was enhanced, in terms of higher
HLA-DR expression and elevated IL-2 receptor expression (Nelson, et al., 1991). In
this condition, the relative number of CD4+ and CD8+ counts increase, but there is a
reduction in the CD4:CD8 ratio (Pun & Ho, 1990), thought to be due to oestrogen
deficiency (Ho, 1992). Therefore, it may be the ratio of T cell subsets which is
important, rather than effects on individual cell types, and it has been postulated that
cyclical changes in oestrogen release by the ovaries stimulates the immune system
through changes in the CD4:CD8 ratio, leading to the heightened susceptibility to
autoimmunity in females. However, as previously mentioned, the response of female
lymphocytes to PHA was unaltered by the stage of menstrual cycle (Caggiula et al.,
1990). Although much of the literature points to a unique role for oestrogen in
modulating T cell activity, Weinstein & Berkovich (1981) demonstrated that castration
decreased, and testosterone-treatment increased, suppressor T cell activity in mice, and
proposed that testosterone may also be an important contributory factor in the female
prevalence in autoimmune disease.

1 .6 .3 B Cells
Physiological concentrations of oestrogen were found to stimulate, and testosterone
inhibit, pokeweed mitogen (PWM)-induced B cell differentiation in vitro, using
peripheral blood lymphocytes from various donors (Paavonen, 1981; Sthoeger et al.,
1988; Kalman et al., 1989). High concentrations of oestradiol were inhibitory
(Paavonen, 1981). The effect was measured as an increase in IgG rather than IgM
antibodies, and there was no difference between males and pre- or postmenopausal
females (Weetman et al., 1981; Sthoeger et al., 1988). Antibody formation in response
to T cell-dependent and -independent antigens in rats was increased by oestrogen and,

in contrast to findings with human lymphocytes, this was thought to be due to a
potentiation of B cell IgM production (Myers & Petersen, 1985; Dahlgren & Hanson,
1991). Oestrogen was also seen to increase the percentage of CD5+ B cells, correlating
with a rise in autoimmunity in both normal and autoimmune-prone mice, in terms of
increased antibodies against bromelain-treated mouse red blood cells (Ansar Ahmed et
al., 1986).
When various mice strains were orchidectomised and treated with testosterone, there
was no change in autologous plaque-forming cells, whereas those receiving oestrogen
had an increase in autoantibodies. This was thought to be due to a direct effect on
CD5+ B cells, in that oestrogen enhanced the antibody forming capacity of this
subpopulation (Ansar Ahmed et al., 1989; Talal et al., 1992). CD5+ B cells are
increased in Sjogren's syndrome and RA, but not in SLE, and are thought to be linked
to immunoregulation. Indeed, CD5+ B cells have been shown to produce
autoantibodies in autoimmune mice, and in patients. In RA it is thought that they may
be under genetic control or serve as an activation marker, as levels are highest in the
foetus and generally decline during development, but remain elevated in autoimmunity.
It is thought that their role may include that of first-line defence or general removal of
cell debris, or that of regulator of B and T cell functions, perhaps by amplifying the
immune system (reviewed by Plater-Zyberk et al., 1992). Thus, it is possible that B
cells as well as T cells are an important target for hormonal modulation in
autoimmunity.

1.6.4 NK Cells
CD3- large granular lymphocytes, or natural killer (NK) cells, found mainly in the
spleen and blood, provide crucial defence against viral infections. Various groups have
reported a reduction in NK activity following oestrogen treatment in vivo, in both
normal and autoimmune models, although high doses of oestrogen were often used
(Seaman & Gindhart, 1979; Ansar Ahmed et al., 1986). This was thought to depend on
the bone marrow because it became evident when osteoproliferation caused a reduction
in bone marrow capacity, also a result of oestrogen therapy. In B/W mice, diminished
NK levels correlated with an amelioration of disease symptoms, suggesting that this
cell type may also be important in autoimmunity (Seaman & Gindhart, 1979).

1.6.5 Monocytes/Macrophages
Baranao et al. (1991) studied peritoneal macrophages from BALB/c mice and found
that following castration of female and male animals a reduction in the numbers of
functionally active complement (C3b) receptors and a suppressed phagocytic response
occurred. Oestrogen treatment of ovariectomised mice restored phagocytosis to normal
levels and treatment with progesterone re-established C3b receptors. DHT had no
effect, which supports data showing high-affinity binding sites for oestrogen in a
human monocytic cell line and rat peritoneal macrophages, with receptors for DHT
being undetectable (Gulshan et al., 1990). Both oestrogens and progesterones have
also been shown to increase class II expression and 11^1 production by mouse
peritoneal macrophages (Flynn, 1986).

1.6.6 Neutrophils
The oxidative metabolism of polymorphonuclear leukocytes (PMNL) was found to be
increased in vitro when using micromolar concentrations of the oestrogenic hormones,
p-oestradiol, oestrone, 16a-hydroxyoestrone and oestriol. All were thought to act via
an increase in myeloperoxidase (Jansson, 1991). The corresponding 2-OH-compounds
were inhibitory in this system, therefore it may be the ratio of the different oestrogenic
metabolites which is important in controlling neutrophil oxidative metabolism. Male sex
hormones were inactive. In contrast, Buyon et al (1984) found that pharmacological
levels of oestrogen inhibited neutrophil superoxide production and degranulation.

1 .7

SEX HORMONES AND CELL ADHESION

The circulation of immune cells around the body and their passage through tissues is an
essential part of natural surveillance against infections (reviewed by Springer, 1990).
This requires rapid transition between non-adherent and adherent states, and vice versa.
The adhesion molecules are becoming increasingly popular as candidates for many such
immune interactions and have been proposed as possible inflammatory mediators
(reviewed by Panayi, 1993).
Three families of adhesion molecules are responsible for mediating an immune
response. The immunoglobulin superfamily includes the antigen-specific T and B cell
receptors and the CD4 and CD8 molecules, the role of which has been discussed (see

Section 1.6.2). The lymphocyte function-related antigens, LFA-2 (CD2) and its
counter-receptor LFA-3, essential for T cell activity, are also members of the
immunoglobulin family. Selectins are involved in lymphocyte and neutrophil
interactions with the vascular endothelium and the integrin family are important in the
dynamic regulation of adhesion and migration (reviewed by Springer, 1990). The three
families are by no means exclusive, indeed there is considerable overlap in terms of
receptors and their ligands. This section concentrates on the integrins as they appear to
play a critical role in the pathogenesis of RA in terms of the infiltration and perpetuation
of cells within the joint.
The integrins are a superfamily of heterodimers with non-covalently associated a- and
p-subunits which are responsible for mediating cell-cell and cell-matrix interactions
(reviewed by Hogg, 1991; Hynes, 1992). Recently the family has been subdivided into
groups according to the p-subunit with which the a-subunits associate: the VLA
proteins which share a common pl-subunit; the leukocyte integrin (CD11/CD18) family
sharing a common p2-subunit, and the cytoadhesins, or p3 type. However, this is
somewhat of an oversimplification as a total of eight p-subunits have now been
described, with a total of fourteen a-subunits known to date. In addition, certain asubunits, for example aV, can form multiple p-pairings, such as aVpi, aVp3 and
aVp5, all of which have different functional roles. It seems that both the a- and psubunits are responsible for the formation of the ligand-binding site. Integrin function
is either Mg2+- or Ca2+-dependent due to a divalent cation binding site.
The leukocyte integrins include LFA-1 (CDlla/CD18 or aLp2), CR3 or Mac-1
(CDllb/CD18 or «Mp2) and pl50,95 (CDllc/CD18 or aXp2). CR3 and pl50,95 are
generally confined to cells of the myeloid lineage and perform functions such as
monocyte adherence to endothelium, chemotaxis and phagocytosis. LFA-1 is present
on monocytes and T cells and contributes to the interaction between the two cell types.
LFA-1 binds ligands ICAM-1 and ICAM-2, which are integral membrane proteins of
the immunoglobulin superfamily. Other such ligands which can mediate direct cell-cell
adhesion are ELAM-1 and VCAM-1. ELAM-1 is a member of the selectin family and is
often termed E-selectin, whereas VCAM-1 belongs to the immunoglobulin adhesion
molecule family. The leukocyte integrins are essential for interactions in an immune
response, both between cells and with the extracellular matrix (reviewed by Dransfield,
1991).
The VLA proteins were first identified on T cells in long-term culture, hence the term
'very late activation' (VLA). They are now known to be expressed on a wide range of

different cell types. The function of the VLA integrins is mainly one of cell-matrix
interactions with collagen, laminin and fibronectin, but they have recently been
demonstrated to participate in cell-cell interactions. Low levels of VLA-3 and higher
levels of VLA-4, VLA-5 and VLA-6 are expressed on resting and memory T cells.
VLA-1 and VLA-2 are detectable only on activated T cells, and B cells express a
different array of these integrins (reviewed by Shimizu & Shaw, 1991). The
cytoadhesins are also found on leukocytes. The receptor GPHb/ma (CD41/CD61) is
limited to platelets and megakaryocytes, and functions in the clotting cascade, whereas,
the vitronectin receptor (CD51/CD61) is expressed on a wider range of cell types,
including tissue culture-matured monocytes, and has recently been shown to engage in
cell-cell interactions.
Cellular activation is often required for the expression of certain integrins or for ligandbinding to occur, and different stages of activation may be necessary to result in a stable
interaction, with the stimuli dependent on the cell type (reviewed by Dransfield, 1991;
Hogg, 1991; Hynes, 1992). For example, the VLA binding activity of T cells is rapidly
and dramatically increased following activation, but without any change in the surface
expression of these molecules (Shimizu et al., 1990). In addition, costimulation can
occur between ligand receptors, and it is possible that engagement of an integrin
receptor can trigger a signal back into the cell to modulate the expression or production
of some other factor. It is now thought that the 'clustering' of integrins on the cell
surface can activate tyrosine kinase leading to phosphorylation and signal transduction
(reviewed by Komberg & Juliano, 1992).
Duke et al. (1982), found that CD4+ T cells were the predominant lymphocyte
population infiltrating the synovial membrane of affected joints in RA, and it was
postulated that, during active phases of the disease, it is the 'memory'T cell
subpopulation of the CD4 subset (CD45RO+) which is increased (Pitzalis et al., 1991).
Enhanced adhesiveness of the CD4+CD45RO+ T cells is one possible explanation for
their preferential accumulation within the synovial membrane. Indeed, it has been
shown that the memory phenotype is associated with binding to ELAM-1 (Shimizu et
al., 1991). Synovial T cells have been shown to display an enhanced capacity to
interact with ELAM-1 and VCAM-1 (Postigo et al., 1992), and increased levels of
circulating ICAM-1 and VCAM-1 have been recorded in RA patients, especially in the
synovial fluid (Mason et al., 1993). This could occur either by prior activation of the T
cells and/or by activation of the endothelial cells, causing an upregulation of adhesion
molecules and hence potentiating the interaction between the two cell types. The release
of cytokines at an inflammatory site has the potential to mediate such interactions

(reviewed by Pober & Cotran, 1990). In this respect, IL-1 and TNF have been shown
to increase the expression of ELAM-1, ICAM-1 and VCAM-1 on endothelial cells, and
both ICAM-1 and VCAM-1 play an important role in binding T cells to resting or IL-1 activated endothelium, respectively (Oppenheimer-Marks etal., 1991). In addition,
IFN-y increases adhesion for lymphocytes specifically, and can synergise with TNF in
the induction of ICAM-1 expression (reviewed by Pober & Cotran, 1990).
The transition of monocytes from the general circulation to an inflammatory site is also
thought to be mediated by adhesion molecules. VLA-4 and all three members of the p2
(CD 18) leukocyte integrin family are amongst those expressed on the monocyte cell
surface (reviewed by Carlos & Harlan, 1990). It has been shown that, apart from a
general upregulation of these molecules and increased binding of VLA-4 to VCAM-1,
for example, the selectins, in particular P-selectin, are important in monocyteendothelial interactions in RA (Grober et al., 1993). As with other cell types, cytokines
have the potential to modulate adhesion molecule expression on monocytes . Short-term
incubation of whole blood with IL-2, interleukin-4 (IL-4), TNF-a or TNF-p altered the
expression of monocyte CD 18 and/or CD1 la, b and c expression to various extents,
whereas IL-ip, interleukin-6 (IL-6) and IFN-y were ineffective (Limb et al., 1992). In
addition, IFN-y, TNF-a, IL-1 and granulocyte-macrophage colony-stimulating factor
(GM-CSF) all increased ICAM-1 expression on peripheral blood monocytes (DiazGonzalez & Alvaro-Gracia, 1992). Lymphocytes require a longer activation period than
monocytes to observe changes in expression of such molecules.
Subsequent to the adhesion to endothelial cells, migration of lymphocytes and
monocytes through the endothelium and tissue occurs. It is ICAM-1 rather than
VCAM-1 which seems to play a crucial role in this respect, hence LFA-l/ICAM-1
interactions are important (Oppenheimer-Marks et al., 1991).The perpetuation of cells
within the joint is likely to involve both cell-cell interactions and also binding to the
extracellular matrix, via the VLA integrins and other non-integrin adhesion molecules
(reviewed by Shimizu & Shaw, 1991). Synovial fluid T cells (Garcia-Vicuna et al.,
1992; Rodriguez et al., 1992) and macrophages (Diaz-Gonzalez & Alvaro-Gracia,
1992) have been shown to have an upregulation of certain VLA subunits and an
increased binding to fibronectin when compared to peripheral blood cells, indicative of
an increased state of activation. The adherence of cells of the immune system to
fibroblasts has also been reported to be modulated by cytokines (Piela & Korn, 1988;
Krzesicki et al., 1991; Morzycki & Issekutz, 1991). Fibroblasts, and fibroblast-like
cells are constituents of the connective tissue matrix and interactions between these and
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immune cells are therefore likely to be of influence in both the infiltration and
perpetuation of cells at an inflammatory site.
The pattern of integrin expression in bone (Clover et al., 1992) and cartilage (Salter et
al., 1992) has been defined. The receptor aVp3 has been reported to play a central role
in the resorptive process which is stimulated by retinoic acid and inhibited by
oestrogen. In osteoclast precursors, oestrogen is able to inhibit l,25(OH)2D3stimulated aV expression at the mRNA level (Medhora et al., 1991). In contrast to its
effects on aV, oestrogen enhanced l,25(OH)2D3-induced p3 mRNA in the same cell
type (Chiba et al., 1992). Oestrogen also increased p-subunit expression in endothelial
cells, and could potentiate the effect of TNF on the endothelial cell monolayers in terms
of inducing leukocyte adhesion and upregulating ICAM-1 and ELAM-1 (Cid et al.,
1992). Thus, there is a potential role for systemic hormones in regulating cell-cell and
cell-matrix interactions via cell adhesion molecules, possibly by modulating the actions
of other agents rather than a direct effect.

1 .8

CYTOKINES AS POTENTIAL MEDIATORS OF SEX HORMONE
EFFECTS

Cytokines represent a diverse network of communicative signals between cells of the
immune system and between the immune system and other organs. These factors were
originally designated monokines, ie. those originating from monocytes, and
lymphokines, ie. those originating from lymphocytes. However, the term cytokine has
now been adopted to encompass a vast array of protein mediators of diverse cellular
origin and which have the potential to carry out a wide range of functions.
In an immune response, accessory cells release factors such as IL-1 which can function
as T cell activators. This leads to T cell production of cytokines such as IL-2, IFN-y
and GM-CSF, which act on a range of cells to produce an ’inflammatory response'.
These cells, in turn, secrete other cytokines including TNF-a, IL-4, IL-6 and
interleukin-8 (IL-8). At the same time the response can be downregulated, for example
by IFN-y and transforming growth factor-p (TGF-p), and the latter cytokine can also
initiate reparative processes. This is, however, an oversimplified picture of a complex
cascade of events which require equally intricate control mechanisms to prevent the
response from continuing ad infinitum (reviewed by Panayi, 1990).
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One possible method of dampening down an inflammatory response would be through
the release of cytokine inhibitors or antagonists (reviewed by Arend & Dayer, 1990;
Panayi, 1990). IL-1 inhibitory activity has been demonstrated in the urine from normal
or febrile patients as well as in body fluids and cell supernatants. The factors reported
have been of varying size and generally ill-defined. One such inhibitory activity
however has been characterised. The 22 kD protein, originally defined as a product of
human monocytes cultured on adherent human IgG, was found to be a specific receptor
antagonist and was hence named interleukin-1 receptor antagonist protein (IRAP)
(Arend et al.y 1989). The antagonist was subsequently shown to be produced by cell
lines of monocytic origin, mononuclear cells and lymphocytes following adherence to
IgG or stimulation with PMA, GM-CSF, TGF-pl or interleukin-3 (IL-3). IRAP gene
expression and protein production has been detected in RA and OA synovium (Firestein
et a l . y 1992). In addition, soluble receptors for TNF, IL-6 and IL-2 have been
described which are able to bind their respective ligands and hence reduce the levels of
free, active cytokine. Conversely, autoantibodies to various cytokines have been
reported, in the normal situation as well as in disease states (reviewed by Bendtzen et
al.y 1990). It is thought that these may act as physiological carriers and regulators, with
the production of specific autoantibodies heightened under pathological conditions to
'mop up1excess cytokines.
RA is one example of an uncontrolled inflammatory response which is accompanied by
abnormal cytokine expression (reviewed by Arend & Dayer, 1990; Brennan et al.y
1991; Wilder et a l . t 1991). Synovial cells produce virtually all cytokines known to
date. However, the macrophage-derived products, such as IL-1, IL-6, TNF-a and
IL-8, are present in abundance, whereas the T cell-derived cytokines, including IFN-y,
IL-2 and TNF-p, are detectable only at the mRNA level. Indeed, data from in situ
hybridisation studies have suggested that the macrophage-like and fibroblast-like cells
of the synovium are the primary sources of cytokines, rather than synovial T
lymphocytes (Firestein et al.y 1990).
TNF-a, IL-1 a, IL-1 (3, IL-6 and TGF-p have been detected in sections of inflamed
synovial tissue from RA patients, mainly localised to the thickened lining layer of the
synovial membrane, but all are also found in interstitial tissue and occasionally in
association with endothelial cells (reviewed by Brennan et al.y 1991). Where there was
a distinct cartilage/pannus junction (CPJ), observed in areas of active joint destruction,
TNF-a, IL-1 a, IL-6, GM-CSF and TGF-pl were detected, whereas only TGF-p was
found at the diffuse fibroblastic CPJ where reparative processes occur (Chu et al.,
1992). The former pattern of cytokines was also seen for chondrocytes from RA and

normal joints, suggesting that they may be involved in normal cartilage homeostasis,
with proinflammatory cytokines such as IL-1 balanced by others such as TGF-p.

1.8.1 Interleukin-1
Interleukin-1 (IL-1) was originally termed 'endogenous pyrogen' due to its role as a
heat-labile protein found in acute leukocytic exudate fluid which, when injected into
humans or animals, induced fever. Other effects of IL-1 noted included hepatic acutephase protein synthesis, neutrophilia and increased T cell responsiveness to antigen or
mitogen in vitro. It is now known to elicit a wide range of biological effects (reviewed
by Dinarello, 1989). The IL-1 family includes the antagonist IRAP and two proteins,
IL-la and IL-lp, which have distinct primary amino acid sequences but are structurally
related. Mature IL-1 occurs as a 15-17 kD peptide with IL-lp being the secreted form
and IL -la remaining associated with the plasma membrane. Both forms are biologically
active and bind to the same receptors, of which there are two classes, types I and II, of
high and low affinity, respectively. The receptors are members of an immunoglobulin
superfamily (reviewed by Foxwell et al., 1992). Type I receptors are found on T cells,
fibroblasts, monocytes, synovial lining cells, keratinocytes, endothelial cells and
chondrocytes, whereas type II are expressed on B cells, macrophages and neutrophils.
IL-1 is structurally similar to the acidic fibroblast growth factor (aFGF) and shares
many biological responses with TNF and EL-6, the three cytokines being the mediators
of systemic 'acute phase' responses. IL-1 and TNF in particular share an almost
identical spectrum of effects, often act synergistically, and are involved in self
augmentation.
In the immune system IL-1 stimulates T cell activation leading to IL-2 production and
the expression of EL-2 receptors and acts as a cofactor during B cell activation,
especially in concert with IL-4. It can also activate NK cells and potentiate macrophage
cytotoxicity, and is responsible for inducing the production of an array of other
cytokines. In addition, IL-1 has haematologic, metabolic, vascular and neurological
actions. Its potent catabolic effects on bone and cartilage, including the release of
degradative enzymes such as collagenase, proteoglycanase and other
metalloproteinases, and the activation of osteoclasts, suggests a direct role in bone and
joint disorders such as RA. The ability to augment fibroblast proliferation and collagen
synthesis and induce vascular changes also suggests EL-1 as a likely participant in
pannus formation. Indeed, the intra-articular injection of IL-1 into rabbit knee joints
was accompanied by a cellular infiltration and loss of proteoglycan (Pettipher et a l ,
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1986) and repeated injections resulted in a chronic synovitis within those joints
previously subjected to an antigenic challenge, pannus formation and joint destruction
(Stimpson et al., 1988).
11^1 activity has been reported in the synovial fluid from various arthritic states
including RA (Nouri et al., 1984). However, early observations were made using the
classical thymocyte bioassays, later shown to be highly susceptible to IL-6 which may
have accounted for the results obtained. Hopkins et al. (1988) used the DIO bioassay
and radioimmunoassay to confirm that IL-1 activity was indeed present in RA synovial
fluid, although the presence of IRAP still makes quantitative analysis difficult. Both
IL-la and II^lp have been localised to the RA synovial membrane and CPJ, as
previously described, and primary cultures of human rheumatoid synovial cells were
found to express binding sites for the two isotypes (Chin et al., 1988). In addition,
Deleuran et al. (1992) demonstrated the presence of IL-1 type I receptor and IRAP in
the synovial membrane. However, IRAP was virtually absent at the CPJ where there
was abundant IL-la and IL-1 type I receptor, suggesting that insufficient production of
the antagonist may contribute to the cartilage destruction occurring. High levels of
IL-la and IL-1 type I receptor with correspondingly low levels of IRAP were also

measured in endothelial cells, further evidence for the importance of II^l in cellular
migration into the synovium (see Section 1.7). This group also showed that areas
staining for IL-la overlapped with those showing high levels of TNF-a, supporting an
interactive role for these two cytokines (see Section 1.8.2).
In the quest for the mechanism behind the bone-sparing effects of oestrogen in OP,
Pacifici et al (1989) discovered that the IL-1 activity in the monocyte conditioned
media (MCM) from untreated postmenopausal OP patients was significantly higher than
in the MCM from either premenopausal females or treated postmenopausal OP patients.
Whereas in the non-OP group IL-1 levels declined back to premenopausal levels within
eight years of the menopause, the OP patients had continuing elevated IL-1 levels.
Treatment with a combination of oestrogen and progesterone for one month was
associated with a reduction in IL-1 activity in all postmenopausal females tested.
Subsequently, it was demonstrated that PBMC cytokine production, including IL-1,
IL-6, TNF-a and GM-CSF, increased in parallel with various indices of bone
resorption following oophorectomy in a group of premenopausal females (Pacifici et
a l, 1991a; Pioli et al, 1992). Oestrogen replacement therapy reversed these
abnormalities (Pacifici et al, 1991a) and either oestrogen or an IL-1 receptor antagonist
were effective in reducing bone loss in ovariectomised rats (Kimble et al, 1992). More
recently it has been shown that bone matrix fragments, released during increased bone

turnover, have the ability to stimulate IL-1 release from PBMC, suggested to be due to
a direct contact between the bone-derived factors and PBMC via integrin receptors on
the cell surface (Pacifici e ta l, 1991b; Pacifici et al., 1992a)
In addition to the above results demonstrating that ovarian steroids can reduce
postmenopausal increases in IL-1, progesterone and oestrogen have also been shown to
increase monocyte IL-1 activity (Polan et al., 1988; Polan et al., 1989). However, the
stimulation occurred at low hormonal concentrations and at higher doses an inhibition
was seen. In a study of non-OP postmenopausal women, Stock et al. (1989) found that
oestrogen only reduced IL-1 levels that were abnormally high at the start of treatment,
suggesting a selective hormonal action. Rather than a role for IL-1 in mediating bone
loss, it is now thought that inadequate secretion of IL-1 receptor antagonist, ERAP,
could be a causal factor, and oestrogen in turn may correct abnormal secretion of this
controlling factor (Pacifici et al., 1992b).

1.8.2 Tumour Necrosis Factor
Tumour necrosis factor (TNF), a peptide of 17 kD, was identified as being analogous
to 'cachectin', a macrophage-derived hormone which could induce cachexia, a wasting
syndrome in mice, following injection of endotoxin. It was later renamed for its ability
to cause the haemorrhagic necrosis of tumours and is now known to elicit an array of
biological effects (reviewed by Beutler & Cerami, 1987; Vassalli, 1992). Many of its
effects, such as osteoclast activation, synovial cell prostaglandin E2 (PGE2 ) and
collagenase production and the induction of other cytokines, are shared with IL-1
(reviewed by Dinarello, 1989). Recently, the use of anti-TNF-a antibodies has been
shown to inhibit synovial cell IL-1 production and it has been suggested that, in RA,
TNF-a may be the main inducer of IL-1 activity (Brennan et al., 1989). However,
TNF may have beneficial as well as deleterious effects in autoimmunity (reviewed by
Jacob, 1992). For example, a deficiency in TNF production has been suggested to be
one of the contributory factors in the B/W lupus model and also in human SLE, and
treatment with TNF-a delayed the onset of nephritis. In addition, TNF-a can both
synergise with IFN-yand antagonise IFN-y-mediated upregulation of MHC class II
expression. There is also some evidence that this cytokine is involved in the
development of self-tolerance.
The genes for TNF (TNF-a) and lymphotoxin (LT or TNF-p), a tumourolytic protein
derived from lymphocytes, are closely HLA-linked on chromosome 6, the only known

cytokine genes to date located within the MHC. TNF-a and -p bind to the same receptor
and appear to evoke similar biological responses. TNF-a is primarily produced by
stimulated monocytes or macrophages, but can also derive from lymphocytes, PMNL,
mast cells, endothelial cells and keratinocytes. It is synthesised as a prohormone and
this synthesis pathway is tightly controlled. There are two TNF receptors of 55 and 75
kD, types I and n, with different intracellular regions which may represent alternative
signalling pathways. The two receptors are part of a family of proteins of similar
structure, including CD27 and the Fas antigen (reviewed by Foxwell et al., 1992).
Both receptors exist in soluble forms identified in vivo, in the plasma of normal
individuals and in even higher amounts in inflammatory states, the formation of which
seems to be by proteolytic cleavage of the mature cell surface receptor, similar to the
generation of the soluble IL-2 receptor a-chain (see Section 1.8.5). It has been
postulated that these may serve a dual role, to absorb out and inactivate excess TNF,
and to act as a slow release reservoir (reviewed by Chouaib et al., 1991).
TNF-a, but not TNF-p, has been found in the synovial fluid and sera of RA patients
and the levels of this cytokine appeared to correlate with disease activity (Saxne et al.,
1988). In one study of sex hormone effects on immune cell TNF production, Ralston et
al. (1990) found that 17p-oestradiol could inhibit TNF production from unstimulated
peripheral blood mononuclear cells (PBMC), but in postmenopausal women only. In
contrast, hydrocortisone was effective in all groups tested, whereas DHT was inactive.
The majority of postmenopausal women included in this study were suffering from OP,
hence the effects of oestrogen in this group could have been as a result of the presence
of OP, or due to the underlying hormonal deficiency.

1.8.3 Interleukin-6
Interleukin-6 (IL-6) was originally termed IFN-p2 or B cell stimulatory factor-2. It is
now known to function in the more general regulation of immune and acute phase
responses and haematopoiesis, with effects which include the induction of IL-2
production and IL-2 receptor expression by T cells, and enhancement of IL-3-induced
multi-potential colony cell formation (reviewed by Hirano, 1990; Hirano et al., 1990;
Van Snick, 1990). IL-6 is produced by a wide variety of cell types, including T and B
cells, monocytes, fibroblasts, endothelial cells and bone marrow stromal cells. The
IL-6 receptor, a glycoprotein of 80 kD, is a member of the haematopoietic growth
factor receptor family, and is found on resting T cells, but only on activated B cells.
Other receptors of the same family include the p- and y-chains of the human IL-2
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receptor, that for human GM-CSF and murine IL-4, IL-3 and erythropoietin receptors
(reviewed by Foxwell et al., 1992). It also has several features in common with the GH
and prolactin receptors. Further studies on the IL-6 receptor revealed an auxiliary
signalling molecule, gpl30 (p-chain). This molecule can associate with the
protein/receptor complex to convert the receptor from a low to high affinity state. The
soluble IL-6 receptor, produced naturally, can also bind IL-6 and mediate an effect
Increased levels of IL-6 have been reported in both the serum and synovial fluid of
patients with RA and OA, and in situ hybridisation of IL-6 mRNA demonstrated
positive cells in both lymphocyte-rich aggregates and adjacent to small blood vessels in
the synovium (Wood et al., 1992). The predominant source appeared to be the synovial
T cell, and the close proximity of these cells with CD 14+ tissue macrophages suggested
that cell-cell contact may be required to initiate the production of IL-6. Both TNF and
EL-1 are known to be potent inducers of EL-6 and could provide the signal from
macrophage to T cell. IL-1 potentiates IL-6 mRNA expression and protein secretion in
both human bone (Linkhart et al., 1991) and cartilage (Nietfeld et al., 1990). This
could provide a means of amplifying the effects of IL-1, as IL-6 is required for IL-1induced inhibition of proteoglycan synthesis, for example (Linkhart et al., 1991), but
IL-6 alone does not seem to induce human bone cell resorption (Nietfeld et al., 1990;
Littlewood et al., 1991).
Rifas et al. (1992) were able to inhibit IL-1- and TNF-induced EL-6 secretion from
human osteoblast-like cells with physiological concentrations of 17p-oestradiol, an
effect which was repeated in the same cells, and also in bone marrow-derived stromal
cells, with testosterone and progesterone as well as 17p-oestradiol (Girasole et al.,
1992). Moreover, ovariectomy in mice was found to be associated with increases in
colony forming units-granulocyte/macrophage, thought to be the osteoclast progenitor
cell, as well as giving rise to neutrophils and monocytes, an effect which could be
reversed by treatment with either 17p-oestradiol or a mAb against murine IL-6 (Jilka et
al., 1992). The mechanism for this regulation of IL-6 by oestrogen was discovered to
be via an ER-mediated effect on the transcriptional activity of the IL-6 promoter in
stimulated cells only (Pottratz et al., 1992). Therefore, it seems that in an oestrogendeficient state the upregulation of IL-6 expression and production by immune cells and
bone-derived cells could lead to osteoclastogenesis and the amplification of other
cytokine responses, culminating in bone resorption.
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1.8.4 T ransform ing Growth Factor
Transforming growth factors (TGF)-a and -p are distinct polypeptides with unique
biological activities and separate receptors. TGF-a binds to the epidermal growth factor
(EGF) receptor, and both the sequence and biological effects of TGF-a are
homologous to those of EGF. TGF-p represents a large family of factors with diverse
actions on a wide range of target tissues and cells (reviewed by Massague, 1990).
There are now known to be at least five isotypes, TGF-pl-p5, and a heterodimer
between TGF-pl and -p2 (TGF-p 1.2) also exists. TGF-p is a 25 kD homodimer which
was initially described by its ability to induce the phenotypic transformation of non
neoplastic cells in culture. It is released as part of an inactive complex which requires
prior activation and release of the TGF-p molecule before receptor interactions can
occur. The distribution of this cytokine is widespread with the richest cellular source
being the platelet. It is also found in large quantities in bone. In contrast, TGF-a has a
very limited location and is not found within the cytoskeleton. The initial observations
were of a growth differentiating, morphogenetic role for TGF-p. However, it has since
become clear that it can act in opposing ways to either inhibit or stimulate proliferation
and is actually one of the most potent growth inhibitors known. Additionally, it has
important roles in embryogenesis, fibrosis and angiogenesis.
TGF-p has been identified as a crucial factor in the control of inflammation, immune
regulation and tissue repair (reviewed by Wahl et al., 1989; Palladino et al., 1990),
with the monocyte/macrophage playing a central role in these proceedings (reviewed by
Wahl et al., 1990). Theoretically, platelets arriving at an inflammatory site release
TGF-p which results in the infiltration of other cell types, such as the monocyte, via its
chemotactic properties. The general production of inflammatory mediators would cause
monocyte activation, for example TGF-p is able to upregulate FcyRIII (CD 16)
expression (Welch et al.y 1990), leading to increased phagocytic and lysosomal activity
and the release of reactive oxygen intermediates. TGF-p is equally able to suppress an
inflammatory response, and can subsequently initiate tissue repair by stimulating the
release of other growth factors, and controlling cell adhesion by increasing the
production of extracellular matrix components and inhibiting their degradation, and by
stimulating the expression of various cell adhesion receptors. It acts to cause
immunosuppression, for example by inhibiting IL-2-dependent T cell proliferation and
IL-2 receptor expression (Kehrl et al., 1986), and by depressing NK cell activity
(Ortaldo et al.y 1991). Pretreatment with TGF-p generally suppresses stimulated
cytokine production in vitro (Chantry et al., 1989; Brennan et al., 1990; Turner et al.y
1990), although it has also been reported to have a potentiating effect at the

transcriptional level (Chantry et al., 1989), and can enhance the translation of certain
factors, such as IL-6 (Turner et al., 1990), which may mediate some of its effects.
Moreover, TGF-p can autoregulate its own production, which occurs in activated
monocytes (Wahl et al., 1990) and which is likely to be important in sustaining levels
of this cytokine in an inflammatory response.
The presence of TGF-p in the synovial fluid and its production by synovium is well
documented (Brennan et al., 1990; Brennan et al., 1991). In situ hybridisation
techniques have localised the production in RA synovial tissues to fibroblast-like
synoviocytes in particular, indicating that this cytokine plays a pivotal role in the
development of this disease (reviewed by Wilder et al., 1990). Indeed, the induction of
FcyRIII expression on synovial mononuclear phagocytes from RA patients appears to
be due, at least in part, to TGF-p (Wahl et al., 1992), which may contribute to the
tissue damage occurring as a result of the release of toxic oxygen metabolites. It has
also been suggested that TGF-p may result in the impaired mitogenic responses and
phenotypic changes seen, such as the inversion of the CD4:CD8 ratio via a selective
inhibition of CD4+ cell proliferation (Lotz et al., 1990), and may hence account for
most of the immunosuppressive activity within the synovial fluid. However, as
synovial cells are pre-activated the effectiveness of TGF-p may be reduced (Brennan et
al., 1990). Nevertheless, the administration of TGF-p 1 protected against CIA
(Kuruvilla et al., 1991) and could be crucial to repair within the RA joint, both via its
effects on matrix synthesis and as a potential 'coupling factor1between bone resorption
and formation (reviewed by Centrella et al, 1988).
The effects of the steroid hormones on TGF-p physiology are more widely reported
than for any other cytokine (reviewed by Wakefield et al., 1990). In breast cancer cells
oestrogens and/or progestins can modulate the production of TGF-a (Liu et al., 1987)
and TGF-p (Jeng & Jordan, 1991), which in turn regulates tumour growth and
differentiation. In vivo oestrogen is reported to increase TGF-p production by
osteosarcoma cells (Komm et al., 1988) and TGF-p itself appears to stimulate bone
formation (Noda & Camilliere, 1989). However, effects in vitro are somewhat
confusing and are dependant on parameters such as the cell type studied and other
growth factors present. Oestrogen-induced release of TGF-p in human osteoblast-like
cells was found to be less in the presence of PTH, itself a potent inducer of bone
resorption and TGF-p production (Keeting et al., 1989; Oursler et al., 1991). Thus, the
ability of oestrogen to reduce bone resorption may involve the release of TGF-p from
bone cells. In support of this theory, Finkelman et al. (1992) reported that ovariectomy
reduced the concentration of TGF-p in rat long bones and this could be reversed by
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treatment with 17p-oestradiol. When studying human osteoblast-like osteosarcoma cells
it was found that the androgens DHT and testosterone also increase TGF-p expression
(Benz et al.> 1991), and may therefore, act like oestrogens to inhibit bone resorption.

1.8.5 Interleukin-2
Interleukin-2 (IL-2) was originally discovered for its mitogenic effects on T cells and
hence received the name'T cell growth factor' (Morgan et al., 1976). Upon activation,
T cells were found to secrete IL-2 and express IL-2 receptors, which led to an
autoinduction loop and resulted, along with cytokines such as IL-4 and IL-6, in the
clonal expansion of B cells and antibody formation (Robb et al.y 1981).
IL-2 exists as a 15 kD peptide and the receptor is composed of at least three distinct
chains, a, p and y (reviewed by Minami eta l., 1993; Taniguchi & Minami, 1993). The
a-chain is a 55 kD membrane glycoprotein (p55), also known as the Tac protein or
CD25. The gene encoding the a-chain is undetectable in resting T cells and is induced
upon activation. The gene for the 70 kD p-chain (p70) is expressed constitutively in
CD8+ but not CD4+ T cells, and that for the 64 kD y-chain (p64) is expressed
constitutively in all lymphoid cells. The y-chain can combine with the p-chain alone to
form a receptor with intermediate binding affinity, or with both the a- and p-subunits to
form a high-affinity complex, whereas the a-chain alone forms a receptor of low
affinity. The p-chain is critical for IL-2-mediated signal transduction and causes rapid
tyrosine phosphorylation, and recent evidence suggests that the y-chain is essential for
ligand internalisation.
Interestingly, monocytes have now been found to express the p75 IL-2 p-receptor and
respond to exogenous IL-2 with a general increase in activity, including the induction
of IL-1 and TNF mRNA, peroxide production and an enhanced microbicidal and
tumoricidal potential (Espinoza-Delgado et al., 1990). EL-2 was also found to increase
monocyte IL-6 production which was independent of the IL-1-induced effect,
suggesting two separate pathways for expanding the immune response. Only the latter
pathway was blocked by IFN-y, whereas both could be blocked by the addition of
TGF-p, which may represent a ’safety valve' mechanism against continued stimulation
(Musso et al., 1992).
The production of IL-2 in response to PHA has been shown to be low in T
lymphocytes from the peripheral blood, synovial fluid or synovial cells in RA (Combe
et al.y 1985). RA cells were also poor responders in in vitro assays of cell-mediated
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immune responses which could be reversed by the addition of IL-2 (Emery et al.,
1984). The enzyme polyamine oxidase (PAO) metabolises the polyamines spermine
and spermidine into hydrogen peroxide, ammonia and different aldehydes. It is
possible that the products of this reaction inhibit IL-2 production. In support of this
theory, Flescher et al. (1989) found that polyamine levels were elevated in RA patients
and a negative correlation between IL-2 production and the concentration of polyamines
in RA synovial fluid MNC was found (Flescher et al., 1992). In addition, the direct
interaction between PAO and its substrates was able to inhibit T cell IL-2 production
(Flescher et al., 1991), and by blocking the production of polyamines with an ornithine
decarboxylase (ODC) inhibitor, or by blocking polyamine oxidation with an inhibitor of
PAO, EL-2 production by the rheumatoid cells was seen to increase (Flescher et al.,
1992). Catalase was also effective, providing further evidence for a detrimental effect
of the oxidation products. As oestrogen has been shown to stimulate the release of
prolactin, which would subsequently increase the production of polyamines, it is
possible that depressed levels of IL-2 may be mediated by the sex hormones (see
Section 1.8.6).
An alternative explanation for the reduced IL-2 production, and/or diminished
responsiveness to IL-2, is the existence of an inhibitor. Miossec et al. (1987) reported
the presence of an inhibitor of IL-2 in the synovial fluid from RA patients. This was
later identified as the soluble form of the IL-2 receptor, high levels of which have been
measured in both the serum and synovial fluid from RA patients (Miossec et al., 1990).
The soluble receptors are formed from the proteolytic cleavage of the a-chain and,
although these low affinity receptors appear unable to bind EL-2 to an extent which
would interfere with its activity, they may represent a postactivation marker for T cells
which are poorly responsive to IL-2 or be due simply to an increased T cell turnover.

1.8.6 Prolactin
Prolactin and growth hormone (GH) have highly homologous amino acid sequences
and receptor structures and were originally thought to be one and the same hormone,
indeed it is thought that the two hormones, plus placental lactogen, evolved from the
same ancestral gene. It was eventually determined that the two hormones existed as
separate entities, and the cDNA sequence for prolactin is now known (Cooke et al.,
1981). Hypothalamic dopamine negatively controls prolactin secretion from the
pituitary. Prolactin induces a dose-dependent increase in ODC, a key growth-regulatory
enzyme which is expressed rapidly when cells are recruited into the Gi phase of the cell
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cycle. ODC is the rate-limiting step in the production of polyamines which are involved
with cell growth and division (reviewed by Russell, 1989).
The earliest observation of a link between pituitary hormones and the immune system
came in 1930, when Smith reported that hypophysectomised animals demonstrated
atrophy of their thymus glands. Hypophysectomised animals have since been shown to
have deficient humoral and cell-mediated immunity which can be restored by
administering either prolactin, GH or placental lactogen (Nagy et al., 1983a). Dwarf
animals, which lack prolactin as well as growth hormone (GH), are also compromised
in their immune response, and altered cellular patterns, such as an increase in Tsuppressor cells and a reduction in NK cells, has been reported (Gupta et al., 1983).
The effects of prolactin on the immune system are now widely cited (reviewed by
Chikanza & Panayi, 1991; Gala, 1991; Jara eta l., 1991; Berczi, 1993). In addition, it
has been shown that the gene for prolactin is found on the short arm of chromosome 6,
which also carries the MHC (McMichael & McDevitt, 1977), thus suggesting an
association between the control of prolactin biology and the control of immune cell
function.
Bromocriptine, a dopamine agonist, was found to inhibit such immune reactions as
antibody formation and in vitro lymphocyte reactivity in the MLR and, in vivo, the
development of adjuvant arthritis and graft-versus-host reactions were also suppressed
(Nagy et al., 1983b; Hiestand et al., 1986). This evidence, along with the finding that
methylacetylenic putrescine, an inhibitor of ODC, prevented the development of CIA
(Wolos etal., 1990), suggests that prolactin-induced ODC activity could be an
important event in the progression from immune stimulus to chronic inflammation.
Indeed, ODC has been demonstrated as an integral event regulating lymphocyte
differentiation, proliferation and function (Klimpel et al., 1979).
Increased polyamine production due to excessive ODC activity has also been linked to
ER dysfunction. Thomas et al. (1991) detected significantly higher DNA binding of
uterine ER in BALB/c mice compared to the lupus-prone model MRL-lpr. This was
reversed with the ODC inhibitor difluoromethylomithine (DFMO), indicating that the
ER dysfunction could be due to an overactivity of ODC. In support of this theory, twoto six-fold higher polyamine levels were found in the MRL-lpr mice (Thomas et al.,
1991). It has previously been shown that naturally occurring polyamines play an
important role in altering the physicochemical properties and enhancing DNA binding
of the PR (Thomas & Kiang, 1988). Polyamines have also been shown to affect the
structure and stability of oestrogen-ER complexes (Thomas & Kiang, 1987), and
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elevated levels have been recorded in RA (Flescher et al., 1989) and SLE (Puri et al.,
1978) patients. One theory is that the overproduction of polyamines arises due to
oestrogen regulation of ODC activity. ODC has previously been shown to be
upregulated by factors including hormones (Thomas et al., 1989), thus initiating a
feedback inhibition of ER.
In Section 1.4.1 it was mentioned that prolactin levels were found to be elevated in a
group of male SLE patients (Lavalle et al., 1987). This has been found to be the case in
further studies, with one such investigation reporting hyperprolactinaemia in 22% of all
SLE patients included and those without increased prolactin were in a clinical and
immunological remission (Jara et al., 1991). Thus, prolactin would seem to be an
important factor in SLE, but such an association has not been shown in RA patients
(Folomeev etal., 1990). However, Nagy etal. (1991) showed that whereas
immunoreactive prolactin was normal in RA patients, there was a significant deficiency
in the bioactivity of circulating prolactin which was more evident in males than females.
The increased polyamine levels reported in SLE (Puri et al., 1978) and RA (Flescher et
al., 1989) may be thought of as being due to prolactin-induced increases in ODC
activity.
Despite the conflicting evidence, as prolactin is thought to have immuno-potentiating
actions, a group of patients with active RA were treated with bromocriptine in an
attempt to suppress the inflammatory response. However, the drug appeared to have
only weak second-line effects (Marguerie et al., 1990). Prolactin levels have been
reported to be greater during pregnancy in SLE than in RA patients or healthy controls,
with levels correlating with disease activity (Jara-Quezada et al., 1991). It is possible
therefore, that prolactin is one of the contributory factors in pregnancy-induced
exacerbation of SLE and one could hypothesise that the postpartum flare in RA may
also be attributed, at least in part, to surges in prolactin. In support of this theory,
McMurray et al. (1991) measured a hyperprolactinaemia in B/W mice postpartum, and
Mattson et al. (1991) stated that two hormonal changes were assumed critical for the
postpartum flare of CIA in DBA/1 mice, the sudden drop in steroid hormone levels
from those attained during pregnancy, and the surges of prolactin at, and after,
delivery. Bromocriptine given to arthritic mice postpartum inhibited the clinical
exacerbation of CIA (Whyte & Williams, 1988).
Human peripheral blood T cells, B cells and monocytes and spleen cells have been
demonstrated to possess prolactin receptors coupled to ODC (Russell et al., 1984a;
Russell et al., 1985). Subsequently, a 46 kD prolactin-like protein was found to be

synthesised by ConA-activated murine splenocytes (Montgomery et al., 1987). This is
considerably larger than anterior pituitary-derived prolactin of 24 kD. mRNA from rat
lymphocytes hybridised to a rat prolactin cDNA, and this demonstrated a larger
transcript than pituitary prolactin mRNA, indicating that the protein originating from
cells of the immune system is a separate entity. Antibodies to pituitary prolactin have
been shown to inhibit the response of various immune cells to a range of stimuli
(Hartmann et al., 1989) and to block the response of a murine T-helper cell line to IL-2
(Clevenger et al., 1990). Prolactin itself is able to induce the expression of IL-2
receptors on the surface of lymphocytes (Mukherjee et al., 1990), and it has been
suggested that IL-2 itself can increase prolactin receptors and cause the release of
sequestered prolactin which, when bound to its receptor, becomes internalised and
translocates to the nucleus where it elicits cellular proliferation (Clevenger et al., 1990).
Thus it was hypothesised that prolactin may be important in IL-2-mediated cell cycle
progression.
These results suggest that the ability of T lymphocytes to respond to an antigenic
challenge may depend on the presence of pituitary-derived prolactin bound to cellsurface receptors and that, when stimulated, the cells produce a prolactin-like substance
which can amplify the response of the same or other immune cells. Hence, prolactin
has been termed a new cytokine. It has been postulated that the immunosuppressive
activity of cyclosporine is due, at least in part, to its ability to block prolactin actions on
lymphoid organs (Russell et al., 1984a; Russell et al., 1985) and to inhibit T
lymphocyte proliferation by reducing the intracellular action of prolactin (Russell et al.,
1987). Cyclosporine has been demonstrated to inhibit ODC induction in response to
prolactin in rat tissues and it was therefore proposed as a prolactin antagonist (Russell
etal., 1984b). Hiestand et al. (1986) found that prolactin could compete with
cyclosporine for a common binding site on rat T lymphocytes and that stimulation of
prolactin secretion reversed cyclosporine-induced immunosuppression.
There is increasing evidence to suggest that the intracellular action of prolactin involves
the activation of PKC (Russell et al., 1987; Russell et al., 1989). As previously
described, incubation of PBMC with the enzyme PAO and its polyamine substrate,
spermine, resulted in decreased IL-2 production (Flescher et al., 1991) (see Section
1.8.5). This was accompanied by reductions in both PKC activity and the
phosphorylation of tyrosine residues on endogenous proteins. The mobilisation of
internal calcium was also suppressed. Results suggested that RA T lymphocytes
showed an inherent reduction of internal calcium signalling, which may reflect a
baseline increase in polyamines, due in turn to over-production of prolactin. In the Nb2

rat T lymphoma cell line prolactin is mitogenic and induces the transcription of early T
cell activation genes, such as c-fos, c-myc and hsp70 (Stevens & Yu-Lee, 1991).
Alternatively, rather than a direct effect on T cells, prolactin may act indirectly by
altering the balance of circulating T cell subsets as there have been reports of an
increase in the number of CD5+ and CD8+ cells following prolactin administration (De
Bemardi et al., 1990; Mukheijee et al., 1990).
The data discussed support a direct role for prolactin in the pathogenesis of autoimmune
conditions such a SLE and RA. However, the defect may not occur at the level of this
hormone but may be due to an underlying defect in oestrogen metabolism. Oestrogen
has been shown to induce prolactin release, probably via a direct effect on the pituitary
(Franks, 1983). An increase in prolactin mRNA expression has been detected in
anterior pituitary lobes from male rats treated with oestrogen and this was blocked by
using an anti-calmodulin agent suggesting that the calcium-calmodulin system may be
involved (Martinez-Campos et al., 1991).

1.8.7 Other Cytokines
Interferon-y (IFN-y) is produced by certain classes of lymphocyte in response to an
antigenic challenge. IFNs have been widely used as chemotherapeutic agents due to
their ability to inhibit the growth of neoplastic as well as normal cells. However, apart
from its growth-inhibitory function, its role appears to be mainly stimulatory. Indeed,
IFN-y is an important controlling factor in immunity with effects such as the promotion
of lymphocyte responses, macrophage activation, induction of MHC expression and
the production of other cytokines (reviewed by Trinchieri & Perussia, 1985).
The observation that lymphocytes from female mice secrete higher amounts of IFN-y
following immune stimulation than the cells from male mice, both in vivo and in vitro
(Huygen & Palfliet, 1984), implied that this cytokine may be under hormonal control.
This is supported by the work of Fox et al. (1991) who concluded, from transfection
studies, that 17p-oestradiol could upregulate the activity of the IFN-y promoter via
regions in the 5'-flanking region of the IFN-y gene which resembled the ERE. DHT
has been shown to inhibit anti-CD3-induced IFN-y production from murine T cells in
vitro, whereas DHT given in combination with dehydroepiandrosterone (DHEA) was
able to restore T cell IFN-y producing capacity in older mice to that of the younger
population (Araneo etal., 1991). Therefore, there would seem to be, in animal models
at least, a complex interaction between various sex steroid metabolites and cells of the

immune system in controlling the production of cytokines such as IFN-y, and hence in
influencing immune potential.
In addition to the above mentioned cytokines, granulocyte-macrophage colonystimulating factor (GM-CSF) activity has been detected in rheumatoid synovial
effusions and in the supernatants from cultures of RA synovial tissues (Xu et al.,
1989), although the effect of sex hormones on GM-CSF production and effects have
yet to be investigated. Thus, there are a vast array of cytokines which have important
enhancing or suppressive roles in an inflammatory response, and sex hormones have
the potential to modulate the release or the subsequent effects of these factors.

To date the literature is abundant in clinical and epidemiological studies showing an
association between heightened immune function in females and increased susceptibility
to autoimmunity, with trends observed between hormonal fluctuations and alterations in
immune function or disease activity. However, research which helps to explain the
actual mechanism of action of sex hormones is inconclusive and often contradictory.
This project was formulated to investigate the cellular effects of sex hormones with
specific reference to their possible role in RA. The importance of cytokines is now well
established and this array of proteins, in association with the family of adhesion
molecules, are likely to play a key role in the pathogenesis of the disease. Thus, the
research strategy was directed towards the effects of sex hormones, in particular
oestrogen, on cytokine production and adhesion molecule expression by human and
rheumatoid PBMC. In addition, receptors for oestrogen in these cells were studied in
an attempt to clarify a somewhat confounding literature.

2 .1

MATERIALS

All standard reagents were obtained from Sigma (Poole,UK) or BDH (Lutterworth,
UK). Details of the origin of the more specialised reagents used are listed below,
grouped into categories which appear alphabetically.

2 .1 .1 Antibodies
All antibodies used were either ascites purified or supplied as a culture supernatant.
Monoclonal antibodies (mAb) UCHM1 and UCHT1 raised against CD 14 and CD3,
respectively, were kind gifts from Prof. P. Beverley, ICRF (London,UK). Anti-CD 19
was a kind gift from Prof. I. MacKlennan, University of Birmingham Medical School
(Birmingham,UK).
MAbs to oestrogen receptor were purchased from Biogenesis Ltd. (Bournemouth,UK)
and mAb ER-D5, raised against an oestrogen receptor-related antigen, was obtained
from Amersham International pic. (Amersham,UK). Anti-topoisomerase and anticentromere antibodies were prepared by Dr. J. Whyte from the sera of systemic
sclerosis patients.
T52/7 antibody, directed against the a l (CDw49a) subunit of integrin a lp l, was a
generous gift of Dr. Hemler (Boston,MA) and mAb 23C6, directed against aV subunit
(CD51), was a kind gift from Dr. Horton (London,UK). MAbs raised against a2
(CDw49b), a4 (CDw49d), a5 (CDw49e), aL (CD1 la) and p2 (CD 18) were purchased
from Immunotech (Birmingham,UK). MAbs against a3 (CDw49c), a6 (CDw49f)» aM
(CDllb) and pi (CD29) were supplied by Bioquote Ltd. (Ilkley.UK), Serotech Ltd.
(Oxford,UK), Dakopatts (High Wycombe,UK) and Coulter Immunology (Luton,UK),
respectively.

2 .1 .2 Cytokines
Recombinant human interleukin-6 (rhIL-6) was a generous gift from Dr. L. A. Aarden
of the Netherlands Red Cross Blood Transfusion Service. A specific activity of
106 U/pg was determined using the B9 hybridoma cell bioassay. Recombinant human
tumour necrosis factor a (rhTNFa) was a generous gift from Dr. G. R. Adolf of

Boehringer Ingelheim. The specific activity was determined using a murine I^M cell
bioassay at 6X107 U/mg. Recombinant human interleukin-2 (rhIL-2) was donated by
Glaxo with a pre-determined specific activity of 106-107 U/mg.

2 .1 .3 cDNA Probes
11^6 cDNA was a kind gift from J. Brakenhoff, Netherlands Red Cross Blood
Transfusion Service. IL-lp and TGF-p cDNA probes were generous gifts from Dr. A.
Shaw and Dr. A. Baxter, both of Glaxo Group Research. The cDNA probe for TNF-a
was a kind gift from Dr. S. Ralston, Rheumatic Diseases Unit, Northern General
Hospital (Edinburgh,UK). A prolactin cDNA probe was generously provided by Dr.
D. Sawa, Department of Biochemistry and Physiology, University of Reading
(Reading,UK) and a cDNA probe for oestrogen receptor was a kind gift from Dr. G.L
Greene, Ben May Laboratory for Cancer Research, University of Chicago
(Chicago,USA). GAPDH cDNA was a generous gift from Dr. J. Beresford, now at
Bath Institute for Rheumatic Diseases, and the probe for p-actin was present in-house.
A summary of cDNA probes used and details such as the vector in which they are
contained is shown in Section 2.8.7.

2 .1 .4 Hormones
17a- and 17p-oestradiol, testosterone and tamoxifen (citrate salt) were obtained from
Sigma. Follicle-stimulating hormone (FSH) was purchased from Calbiochem
Novabiochem (UK) Ltd. (Nottingham,UK).

2 .1 .5 Immunochemicals
All FITC-conjugated antibodies and immunoglobulins were purchased from Sigma. RPhycoerythrin-conjugated monoclonal mouse anti-human B-cell (CD19), T-cell (CD3)
and monocyte (CD14) antibodies were obtained from Dakopatts (High Wycombe,UK).
Human AB serum and normal rabbit serum were obtained from GIBCO (Paisley,UK).
FITC coated latex beads were from Flow Cytometry Standards (Research Triangle
Park, NC,USA) and sheep anti-mouse IgG Dynabeads from Dynal (UK) Ltd.

(Wirral,UK). Reagents for APAAP staining were purchased from Dakopatts and DiffQuik reagents were from Baxter Dade AG (Dudington, Germany).

2 .1 .6 Kits
The Abbott ER-ICA Monoclonal for detecting oestrogen receptors was supplied by
Abbott Laboratories Ltd. (Maidenhead,UK), as were control slides for the kit.
DNA was purified using either the Magic Minipreps DNA Purification System from
Promega Ltd. (Southampton,UK), which relies on a reverse-phase method of
extraction, or the Qiagen Plasmid Kit distributed by Hybaid Ltd. (Teddington,UK)
which uses an ion-exchange method to purify DNA. DNA was then further purified
using either a Geneclean II or Mermaid Kit, distributed by Stratech Scientific Ltd.
(Luton,UK). cDNA was labelled with [a-32P]dCTP using a Multiprime Kit from
Amersham International pic. (Amersham,UK). RNA was further purified to mRNA
using the Promega PolyATtract mRNA Isolation System by Promega Ltd. An
AmpliTaq Cycle Sequencing Kit was purchased from Perkin-Elmer Ltd.
(Beaconsfield,UK).

2 .1 .7 Molecular Biology Reagents
All restriction enzymes were purchased from either Northumbria Biologicals (NBL)
(Cramlington,UK) or Pharmacia Biosystems Ltd. (Milton Keynes,UK). M-MLV and
Superscript RNase H' reverse transcriptases were supplied by GIBCO (Paisley,UK)
and Taq DNA polymerase by either NBL, Promega Ltd. (Southampton,UK) or PerkinElmer Ltd. (Beaconsfield,UK). pd(T)i2 _i8 , RNAguard RNase inhibitor and an
Ultrapure dNTP set were obtained from Pharmacia Biosystems Ltd. DNA markers
were supplied by either NBL or Promega Ltd. Bacto-agar,-yeast extract and -tryptone
were obtained from Oxoid (Bristol,UK). Standard agarose was purchased from Sigma
and NuSieve 3:1 agarose from FMC Bioproducts, the UK distributor of which is
Flowgen (Sittingbourne,UK). Water-saturated phenol (AquaPhenol) was supplied by
Appligene (Co. Durham,UK). All oligonucleotide primers were synthesised, according
to instructions, by Colin Lazarus, Department of Botany, University of Bristol
(Bristol,UK).

Hybond-N+ was supplied by Amersham International pic. (Amersham,UK) and DE81
discs and chromatography paper (3MM) were from Whatman Scientific Ltd.
(Maidstone,UK).

2 .1 .8 Radiochemicals
[2,4,6,7-3H]oestradiol and pH]thymidine were from Amersham International pic.
(Amersham,UK). [a-32P]dCTP was obtained from ICN Flow (High Wycombe,UK)
and [y-32P]dATP from NEN-Dupont (UK) Ltd. (Stevenage,UK). Scintillation fluid
utilised included Optiscint HiSafe and Optiphase HiSafe 3 from Wallac Ltd. (Milton
Keynes, UK).

2 .1 .9 Tissue Culture Reagents
RPM I1640, Minimal Essential medium (MEM), penicillin-streptomycin, L-glutamine,
sodium bicarbonate and trypsin-EDTA were all obtained from GIBCO (Paisley,UK).
Heat-inactivated foetal calf serum (FCS) was obtained from Imperial Laboratories
(Andover,UK) and for the preparation of charcoal-stripped FCS, high-grade charcoal
(Norit GSX) from BDH was utilised. Phosphate buffered saline tablets and
Lymphoprep were purchased from Oxoid (Bristol,UK) and Nycomed (UK) Ltd.
(Birmingham,UK), respectively. Heparin (Monoparin) was supplied by CP
Pharmaceuticals Ltd. (Wrexham,UK)
ZR-75 cells were a kind gift from Dr. T. Ruprinak, Glaxo (Greenford,UK) and
Hs578T cells were purchased from the European Collection of Animal Cell Cultures
(ECACC) (Salisbury,UK). Synovial fibroblasts were generously donated by Dr. N.
Jordan, University of Bath (Bath,UK). All other cell types included in this study were
used routinely in our laboratory.

2 .2 .

PREPARATION OF MEDIA AND BUFFERS

RPMI1640 / Minimal Essential medium (MEM") + 10% (v/v) foetal calf serum ("FCS")
RPM I1640 or MEM (10X)
Penicillin (10000 IU/ml) / Streptomycin (10000 jig/ml)

50 ml
5 ml

Glutamine (200 mM)
Sodium bicarbonate (7.5% (w/v))

5 ml
15 ml
50 ml

Heat-inactivated FCS

The above reagents were combined and made up to 500 ml with sterile micronised
water. The pH was adjusted to 7.3 with sterile 3 M NaOH.

Phenol red-free RPMI 1640 / MEM + 10% (v/v) charcoal-stripped FCS
This was made up as described above, using RPMI or MEM devoid of phenol red
(10X), which is reported to be weakly oestrogenic (Berthois et al., 1986), and using
FCS which had been charcoal-stripped to remove endogenous steroids (see below).

Serum-free RPMI 1640 / MEM
RPMI 1640 or MEM (10X)
Penicillin (10000 IU/ml) / Streptomycin (10000 ng/ml)
Glutamine (200 mM)

50 ml
5 ml
5 ml

Sodium bicarbonate (7.5% (w/v))

15 ml

Transferrin
Insulin (5 mg/ml)
Sodium selenite (3X10-4 M)
BSA

500 \i\
100 \i\
50 \d
0.1% (w/v)

Transferrin was first preloaded with FeC^ by mixing 100 mg transferrin with 100 jxl
FeCl3 (10-2 M in 1 mM HC1) and 9.9 ml of MEM then leaving for 30 minutes at room
temperature. The solution was filter sterilised and stored at 4°C. Insulin was dissolved
in 10 mM acetic acid to 5 mg/ml and stored at -70°C. Sodium selenite was dissolved in
PBS at a concentration of 3x1 O'4 M. To make up the media, all reagents were mixed

and the volume made up to 500 ml with sterile micronised water. The pH was adjusted
to 7.3 with sterile 3 M NaOH.

Charcoal-Stripped FCS (CS-FCSi
To 100 ml heat-inactivated FCS was added 4 g of high grade charcoal (Norit GSX) and
the mixture was stirred, on ice, for 1 hour. Charcoal was separated from the serum by
centrifuging at 3000 rpm for 10 minutes, and the supernatant was then filtered through
0.4 pm pre-filters followed by 0.2 pm filters. The serum was re-sterilised by passing
through a sterile 0.2 pm filter and stored at -20°C.

Phosphate Buffered Saline (PBS)
5 PBS tablets were dissolved in 500 ml micronised water and the solution autoclaved.
For PBS-G, 0.8 mg medicinal glucose was dissolved in a small volume of sterile PBS
then filtered back into the buffer.

Tris Buffered Saline (TBSi
Sodium chloride
Potassium chloride
Tris base

8 g (0.14 M)
0.2 g (0.0026 M)
3 g (0.025 M)

The above reagents were dissolved in 800 ml DH2 O, 0.015 g phenol red added and the
pH adjusted to 7.4 with HC1. Finally, the volume was made up to 1 litre with DH2 O.

Tris-Borate-EDTA (TBEi (5X)
Tris base
Boric acid
EDTA (0.5 M, pH 8.0)

54 g (0.445 M)
27.5 g (0.445 M)
20 ml (0.01 M)

The above reagents were dissolved in DH2 Oand made up to a final volume of 1 litre.

Tris-Acetate-EDTA (TAE^ (10X)
Tris base

48.44 g (0.4 M)

Sodium acetate
EDTA (0.5 M, pH 8.0)

4.1 g (0.05 M)
3.72 g (0.01 M)

The above reagents were dissolved in DH2 Oto a final volume of 1 litre and the pH
corrected to 8.1 with glacial acetic acid (approximately 12 ml required for 1 litre of 10X
solution).

MOPS (10x1
MOPS
Sodium acetate
EDTA

41.85 g (free acid) or 46.2 g (Na salt) (0.2 M)
4.1 g (anhydrous) or 6.8 g (trihydrate) (0.05 M)
3.72 g (0.01 M)

The above were dissolved in 1 litre of DH2 O and the pH adjusted to 7.0 with NaOH.
The solution was then autoclaved.

Transformation Buffer 1 (Tfbll
Potassium acetate
Rubidium chloride
Calcium chloride
Manganese chloride

0.03 M
0.1 M
0.01 M
0.05 M

15% (v/v) glycerol was added and the pH adjusted to 5.8 with 0.2 M acetic acid. The
solution was then filter sterilised.

Transformation Buffer 2 (Tfb2)
MOPS
Calcium chloride
Rubidium chloride

10 mM
75 mM
10 mM

15% (v/v) glycerol was added and the pH adjusted to 6.5 with KOH. The solution was
then filter sterilised.

2 .3

PREPARATION OF DRUG SOLUTIONS

17a-oestradiol, 17p-oestradiol, testosterone and tamoxifen were dissolved in ethanol to
a concentration of 1 mM, as required. Further dilutions were made in the relevant
culture medium.
Follicle-stimulating hormone (FSH) was dissolved in PBS (pH 7.6) to a concentration
of 200 pg/ml. Aliquots were stored at -70°C for up to 6 months.

2 .4

TISSUE CULTURE

2 .4 .1 Preparation of Peripheral Blood M ononuclear Cells
Peripheral blood was obtained from normal, healthy volunteers or from rheumatoid
arthritis patients attending The Royal National Hospital for Rheumatic Diseases. Blood
was routinely collected between 9.00 a.m. and 12.00 p.m. A record was kept for
female donors regarding menopausal status, stage of menstrual cycle, parity and use of
oral contraceptives. Patients used for this study had no history of steroidal use. Most
were receiving non-steroidal anti-inflammatory drugs (NSAIDs) and a small number
were also treated with a second-line agent.
Blood obtained was dispensed into heparinised tubes (100 U/ml). After diluting 1:1
with PBS-G, the blood was separated by density-gradient centrifugation on
Lymphoprep (density = 1.077 g/ml). The mononuclear cell (MNC) layer was extracted
from the serum/lymphoprep interface and cells were washed twice in PBS-G, then
counted using white cell counting fluid (3% (v/v) glacial acetic acid, 0.1% (w/v)
methylene blue).

2 .4 .2 Purification of T Cells and Monocytes
PBMC prepared as described in Method 2.4.1 were divided into two 15 ml
polypropylene tubes and pelleted by centrifuging at 1000 rpm for 10 minutes. Cells

were resuspended in either 500 |xl anti-CD14 and 5 pi anti-CD19 mAbs, to purify the T
cell population, or 500 pi anti-CD3 and 5 pi anti-CD19 mAbs, to purify the monocyte
population. The cells were incubated at 4°C , with rotation, for 1 hour, then washed
twice in medium (RPMI supplemented with 10% (v/v) FCS) and resuspended in sheep
anti-mouse IgG-coated Dynabeads (diluted 1/10 in medium). After a further 1 hour
incubation at 4°C, with rotation, the cell populations of interest were negatively
selected, by magnetically drawing the Dynabeads to the sides of the tubes and carefully
removing the supernatants. The two cell populations were washed twice in medium and
counted prior to use.

2 .4 .3 Maintenance of Cell Lines
B9 Cells
B9 is a murine myeloma cell line. The cells were maintained in RPMI supplemented
with 5% (v/v) FCS. To 30 ml of cells were added 15 pi p-mercaptoethanol (p-ME) and
30 pi monocyte conditioned media (MCM) (prepared by incubating MNC in 10 ml
media supplemented with 10% (v/v) FCS for 24 hours, centrifuging at 1000 rpm for 10
minutes, and removing the supernatants which were stored at -20°C).

Fibroblasts
Synovial fibroblasts were grown from synovial explants taken from osteoarthritis
patients. They were maintained in MEM with 10% (v/v) FCS up to a passage number
of approximately 10.

Hs578T Cells
Hs578T is a human breast carcinoma cell line of epithelial origin which is oestrogen
receptor negative. The cells were maintained in RPMI supplemented with 10% (v/v)
FCS and 10 pg/ml bovine insulin.

T-47D Cells
The T-47D cell line was established from the pleural effusion of a ductal carcinoma of
the breast of a 54 year old female, and is oestrogen receptor positive. The cells are
maintained in RPMI with 10% (v/v) FCS.

W EH I164 Cells
W EH I164 subclone 13 is a mouse fibrosarcoma cell line. The cells are maintained in
RPMI with 10% (v/v) FCS.

ZR-75 Cells
The ZR-75 cell line was established from a malignant ascitic effusion in a 63 year old
female Caucasian with infiltrating ductal carcinoma. Cells are of epithelial origin and
are oestrogen receptor positive. They were maintained in RPMI with 10% (v/v) FCS,
supplemented with 109 M oestradiol.

2 .4 .4 Passaging Cells
Adherent cells were passaged as follows. The medium was removed and the cell
monolayer rinsed with PBS. 2.5 ml trypsin-EDTA was added to each flask and the
cells then incubated at 37°C for 5-10 minutes. To ensure that all cells were dislodged,
the flask was tapped gently, then 10 ml medium was added, the suspension removed
and the cells pelleted by centrifugation. After washing twice in medium the cells were
resuspended in medium and split (normally 1:4 to 1:10), then recultured to confluence.
Non-adherent cells were passaged by removing an aliquot of cell suspension from each
flask and dispensing into flasks containing a relevant volume of culture medium.

2 .4 .5 Freezing Down Cells
Cells were harvested, washed and counted, then resuspended in 50% (v/v) FCS/50%
(v/v) medium (either RPMI 1640 or MEM) to a concentration of approximately
10X106 cells/ml. 500 pi aliquots of the cells were dispensed into freezing vials and
placed on ice. 500 pi of 20% (v/v) dimethyl sulphoxide (DMSO)/80% (v/v) medium
was added drop-wise to each vial, whilst mixing thoroughly. Vials were then placed
into a polystyrene container packed with tissue. This was sealed and placed into a
-70°C freezer overnight before transferring to liquid nitrogen storage.
To set up cells from frozen, a vial was removed from liquid nitrogen storage and
defrosted rapidly under hot running water. The outside of the vial was then wiped with
alcohol prior to removing the cells. Cells were washed twice with medium then grown

up overnight in a small (25 cm2) tissue culture flask before transferring to a larger (75
cm2) flask.

2 .4 .6 Assessing Cell Viability
Cell viability was routinely assessed using the trypan blue exclusion method, by which
the cell suspension was mixed with an equal volume of trypan blue and incubated for
between 5 and 15 minutes, at 37°C. Cells were then counted and those which had taken
up the blue stain (ie. those which were non-viable) were expressed as a fraction of the
total number of cells present (ie. viable and non-viable), hence percentage viability
could be calculated. In all experiments recorded, cell viability was found to be greater
than 90%.

2 .5

BIOASSAYS

2 .5 .1 IL-6 Bioassay (Helle et al., 1988)
The IL^6 bioassay utilises the B9 murine hybridoma cell line. B9 cells are a variant of
the B13.29 line and proliferate in response to IL-6. Sensitivity for 11^6 is virtually
100%, except for a slight stimulatory effect with IL-4.
For the bioassay, 10 ml of murine B9 cell suspension was removed and the cells
washed twice in RPMI1640 supplemented with 5% (v/v) FCS, then resuspended to a
concentration of 5X104 cells/ml in medium supplemented with 50 nM p-ME.
Supernatant samples were diluted in a 48-well plate to give final dilutions of 1/100,
1/1000,1/10000,1/100000 and 1/1000000. Cells were seeded into flat-bottomed

96-well plates at a concentration of 5x10s cells/well. To the cells were added 100

\i\

aliquots of the sample dilutions, each performed in duplicate. A standard curve was
performed with rhIL-6, diluted to give final concentrations of 100, 3 0 , 1 0 , 1 and 0.1
U/ml. Plates were incubated for 72 hours at 37°C, 5%CC>2/95%air. 20 nl 3-(4,5dimethylthiazole-2-yl)-2,5-diphenyltetrazolium bromide (MIT) (5 mg/ml in PBS) was
then added to each well, and the incubation continued for a further 2 hours. MTT is a
pale yellow substrate which produces a dark blue formazan product when incubated
with living cells. Once a formazan residue had formed, the supernatant was aspirated
and 100 nl acidified isopropanol (99 ml propan-2-ol + 1 ml HC1) added to each well to
dissolve the product. Absorbances were read on a Dynatech Automated Micro ELISA
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reader at 570 and 630 nm, reference and test wavelengths, respectively, against blanks
consisting of acidified isopropanol only.
The dilution giving a reading on the linear portion of the standard curve was selected
and an extrapolation made to give U/ml IL-6, hence total IL-6 per sample could be
calculated by multiplying by the relevant dilution factor. A typical standard curve for the

IL-6 bioassay is shown in Figure 2.1.
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Figure 2.1. A typical standard curve for the IL-6 bioassay.

2 .5 .2 TNF Bioassay (Espevik and Nissen-Meyer, 1986)
The TNF bioassay utilises WEHI 164 subclone 13 cells, derived from WEHI 164
mouse fibrosarcoma cells. Both TNF-a and TNF-{3 are cytotoxic for this particular cell
line.
For the bioassay, WEHI 164 cells were prepared to give a concentration of
2X105 cells/ml in RPMI 1640 supplemented with 10% (v/v) FCS. Cells were seeded
into 96-well flat-bottomed plates and incubated for 3-4 hours at 37°C, 5%C02/95%air,
until the cells had adhered. 1/100 dilutions of supernatant samples were added to the
cells, with each dilution performed in triplicate. A standard curve was performed with
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rhTNFa at 0.001-1000 U/ml. Plates were incubated for 24 hours at 37°C,
5%CC>2/95%air. 10 pi MTT (5 mg/ml in PBS) was then added to each well and the
incubation continued for a further 4 hours. Finally, the supernatant was aspirated and
50 pi acidified isopropanol added to each well to dissolve the formazan residue.
Absorbances were read at 570 and 630 nm, reference and test wavelengths,
respectively, against blanks consisting of acidified isopropanol only.
Results were expressed as % cytotoxicity using the formula:
(1 - P .P . standard/samplel X100
(

O.D. zero standard )

Extrapolations were made from the linear portion of the standard curve and multiplied
by the dilution factor to give total U/ml TNF per sample. A typical standard curve for
the TNF bioassay is shown in Figure 2.2.
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Figure 2.2. A typical standard curve for the TNF bioassay
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2 .6

PROLIFERATION ASSAY

Cells were harvested, washed twice in relevant medium and resuspended to a
concentration of 1X106 cells/ml. The cells were then aliquotted into the wells of a
96-well round-bottomed plate (1X105 cells/well) along with the stimuli and/or
inhibitors of proliferation under study. Cells were incubated at 37°C, 5%CC>2/95% air,
for 72 hours, pulsed with [3H]thymidine (1 pCi/well) and incubated for a further 4
hours. Cells were harvested onto glass filters using a Skatron Semiautomatic cell
harvester. The filters were then dried and immersed in 500 pi of Optiscint HiSafe
scintillation cocktail, in scintillation vials. Counts were made in a LKB 1209 Rackbeta
liquid scintillation counter.

2 .7

IMMUNOC YTOCHEMISTRY

2 .7 .1 Preparation of Cells for the Analysis of Cell-Surface Antigens by
Flow Cytometry.
Cells were harvested, washed twice in medium, counted and resuspended to a
concentration of 1X106 cells/ml. 100 pi aliquots of cell suspension were dispensed into
FACS tubes and 2 ml PBS/FCS (2% (v/v) FCS in PBS) added. Cells were pelleted by
centrifuging at 1000 rpm for 5 minutes and the supernatant aspirated using a suction
pump. The cell pellet was then resuspended in 50 pi mAb (diluted appropriately in
PBS/FCS) and 10 pi of human AB serum, with the latter added to block Fc receptors
on the cell surface. Controls were performed by adding either PBS/FCS in place of the
mAb, or the relevant immunoglobulin (IgG), diluted to the same concentration as the
highest of mAb. Cells were incubated for 60-90 minutes on ice, then washed once in
3 ml PBS/FCS and harvested by centrifuging at 1000 rpm for 5 minutes, at 4°C. 50 pi
of the relevant anti IgG FITC-conjugate (1/20 in PBS/FCS) was added and the cells
incubated for a further 30 minutes, on ice. The cells were washed as previously
described and resuspended in 200 pi PBS/FCS and 200 pi 2% (w/v) paraformaldehyde
in PBS (pH 7.4), then stored at 4°C, in the dark, for up to 2 weeks prior to analysis.
For dual-labelling of cells an additional first antibody was included which was directly
conjugated to a different fluorochrome, namely phycoerythrin.

2 .7 .2 Saponin-Permeabilisation of Cells for the Analysis of Intracellular
Antigens by Flow Cytometry (Sander et al., 1991)
Cells were prepared as described in 2.7.1 and resuspended to a concentration of
2X106 cells/ml in PBS/BSA (0.1% (w/v) bovine serum albumin (BSA) in PBS). Cells
were aliquotted into FACS tubes (1X105 cells/tube) and an equal volume of 2% (w/v)
paraformaldehyde solution added in order to fix the cell membrane prior to it being
rendered permeable. The cells were incubated for 5 minutes on ice, washed once in
500 pi PBS/BSA and harvested by centrifuging at 1000 rpm for 5 minutes, 4°C. The
supernatant was removed by aspiration, 500 pi of PBS/saponin (0.1% (w/v) saponin in
PBS/BSA) added to permeabilise the membrane, and the cells incubated on ice for a
further 5 minutes. Following a second wash with PBS/saponin, 50 pi mAb (diluted
appropriately in PBS/saponin) was added and the cells incubated for 60 minutes on ice.
Controls were performed as in 2.7.1. After incubation with the first antibody, cells
were washed once in PBS/saponin then 50 pi of the relevant anti-IgG FITC conjugate
(diluted 1/100 in PBS/saponin) added, and the incubation continued for a further 30
minutes. Finally, the cells were washed once in PBS/saponin and then in PBS/BSA to
're-seal' the membrane. Cells were resuspended in 200 pi PBS/BSA and 200 pi 2%
(w/v) paraformaldehyde and stored at 4°C, in the dark, for up to 2 weeks prior to
analysis.

2 .7 .3 Analysis of Flow Cytometry Data
FACS samples were analysed on a Becton Dickenson FACS tar Plus, equipped with a
lOOmW argon ion laser and Consort 32 computer. The principal of flow cytometry is
that a single cell suspension passes through a light source emitted by a laser. The light
excites the fluorescent dyes used to label the cells, leading to light amplification.
Scattered or fluorescent light produced is collected by a photomultiplier tube (PMT) and
converted to electrical signals and eventually to digital information. The light produced
is reflected by mirrors, coated such that they reflect only a specific wavelength.
Therefore, one cell preparation can be labelled with several different fluorochromes
which all emit a different spectrum of light.
Prior to collecting data, the nozel head was aligned to maximise the detection of
fluorescent events. This was carried out using a mixture of two latex beads coated with
FITC of different intensities. When a quantitative analysis of data was required, in
terms of 'sites per cell', a mixture of six beads were used, standardised in terms of six
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different levels of fluorescence achieved by varying the number of FITC sites per bead.
By plotting a histogram of fluorescence intensity and gating on each of the six peaks the
mean fluorescence intensity (MFI) for each peak could be calculated. The MFI values
were entered into a Spreadsheet computer program which extrapolated from a standard
curve, as shown in Figure 2.3, to calculate antibody sites per cell from the MFI values
obtained for particular FITC-labelled cells.
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Figure 2.3. Standard curve for sites per cell analysis

Data were collected as either dot plots or frequency histograms. Dot plots usually
consisted of side scatter (SSC), relating to cell granularity, versus forward scatter
(FSC), relating to cell size, or of fluorescence versus FSC. Histograms generally
depicted fluorescence intensity. The threshold was set such that background noise was
eliminated. All parameters were first set using a negative control with second antibody
(ie. FITC-conjugate) only. The remaining samples were then analysed, with all
comparisons made with the relevant IgG control. Comparisons were made in terms of
MFI values and % positive cells, with the control antibody set at 5%. Where
quantitative analysis was performed the number of sites per cell for the IgG control
were deducted from all other values.

2 .7 .4 Preparation of Slides
Use of the Abbott ER-ICA monoclonal kit for the detection of oestrogen receptors
required that all slides be treated with the tissue adhesive included in the kit, according
to instructions. For all other procedures either cytospins were performed with nonadherent cells, or for adherent cells, slides were treated with poly-L-lysine, to aid
attachment, as follows. 100 [d/spot of 100 ng/ml poly-L-lysine was added to 4-spot
slides, and the slides incubated for 5 minutes at 37°C. The slides were then washed
three times in sterile micronised water before being left to dry in a sterile environment.

2 .7 .5 Preparation of Cells and Synovial Sections
Adherent cells were cultured onto slides by seeding at a density of approximately
2X104 cells/spot of a 4-spot slide and incubating in a humidified chamber overnight at
37°C, 5%CC>2/95%air. Non-adherent cells were prepared as cytospins using a
Shandon cytospin. Conditions were optimised as 2.5X105 cells/slide, centrifuging at
500 rpm for 3 minutes. The Diff-Quik method of staining was used to show that cell
morphology (nuclear and cytoplasmic) is maintained under these conditions (results not
shown).
Synovial tissue was obtained from a 67 year old female rheumatoid patient with a 25
year history of RA. Tissue was removed from the active left knee which was described
as warm and swollen on prior examination. The sample was snap frozen and stored in
liquid nitrogen prior to cutting into 8 jxm sections on a Bright's cryostat. The sections
were placed onto slides which were either untreated, or which had been treated
according to the Abbott kit instructions.

2 .7 .6 Staining for Oestrogen Receptor Using the Abbott ER-ICA
Monoclonal Kit
Slides were fixed following instructions in the kit and stored at -20°C in the specimen
storage medium described, for up to 4 months. The cells were then treated according to
instructions, incubating with either the H222 anti-ER rat mAb or the control normal rat
antibody. Abbott control slides were used to ensure that the procedure was working
optimally. To produce a more intense staining, the incubation times were increased
from 30 to 60 minutes.
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Cells were examined using a Leitz Laborlux S microscope equipped with a Leitz Wild
46/52 Photoautomat.

2 .7 .7 Alkaline Phosphatase-Antialkaline Phosphatase (APAAP) Staining
4-spot slides onto which cells were cultured overnight were drained to remove excess
medium, rinsed in TBS and fixed in acetone for 5 minutes. Slides were then wrapped
in aluminium foil and stored at -20°C prior to use. Cytospins and cryostat sections
were fixed directly in acetone for 1 minute or 10 minutes, respectively, and stored as
described above.
The APAAP procedure was carried out according to Dakopatts' instructions. Briefly,
slides were immersed in TBS for 5 minutes then blocked with normal rabbit serum
(NRS) (20% (v/v) in TBS) for 20 minutes. The slides were 'flicked' to remove excess
NRS and the primary mAb or a control IgG added, at an appropriate dilution in TBS.
After 30 minutes incubation in a humidified chamber, at room temperature, slides were
washed for 1-2 minutes in TBS prior to adding the second antibody (diluted 1/25 in
TBS) and incubating for a further 30 minutes. After washing, the APAAP complex
(1/50 dilution in TBS) was added for 30 minutes and, after washing once again, the
alkaline phosphatase substrate (substrate 1, see below) was applied to the slides for
15-20 minutes. Finally, slides were washed in TBS, then in tap water, counterstained
with haematoxylin for 30 seconds and mounted in 2% glycerol/PBS. Cells were
examined as described in Method 2.7.6.

Substrate 1
Naphthol AS-MX phosphate
Dimethylformamide
0.1 M TRIS buffer pH 8.2
1 M Levamisole
Fast-Red TR salt

2 mg
0.2 ml
9.8 ml
10 pi
10 mg

The solution was prepared by dissolving the Napthol AS-MX phosphate in
dimethylformamide in a glass tube and diluting to 10 ml with TRIS buffer. Levamisole
was added to block endogenous alkaline phosphatase activity. Substrate 1 was stored at
-20°C. The Fast-Red salt was added immediately prior to use and the solution filtered
directly onto the slides.
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2 .8

ANALYSIS OF RNA AND DNA

The preparation of RNA requires that all solutions be sterile and treated with
diethlypyrocarbonate (DEPC) to eliminate RNase activity.

2 .8 .1 RNA Extraction (Chomczynski & Sacchi, 1987)
Cells were lysed in solution D (see below) (106cells/100 pi) and transferred to
microfuge tubes. 50 pi 2 M sodium acetate pH 4.0,500 pi water-saturated phenol
(AquaPhenol) and 100 pi chloroform-isoamyl alcohol (49:1) were added sequentially,
mixing by inversion between each addition. Tubes were shaken vigorously for 10
seconds then cooled on ice for 15 minutes. After centrifugation at high speed (13000
rpm) in a microfuge for 10 minutes, the top aqueous layer was removed and an equal
volume of chloroform-isoamyl alcohol added. Tubes were shaken vigorously once
again then centrifuged at 13000 rpm for 5 minutes. A second extraction with
chloroform-isoamyl alcohol was performed if necessary and the final aqueous layer
was precipitated with an equal volume of isopropanol at -20°C overnight. RNA was
then spun out at 13000 rpm for 10 minutes, the supernatant removed and the pellet
redissolved in 150 pi solution D. The RNA was precipitated by adding 150 pi
isopropanol and storing at -20°C overnight. Finally, the RNA was pelleted by
centrifugation at 13000 rpm for 10 minutes, the pellet washed twice in 70% (v/v)
ethanol and once with absolute ethanol, then dried down under vacuum prior to being
resuspended in 200 pi DEPC water.

Solution D
Guanidinium thiocyanate
0.75 M Sodium citrate, pH 7.0

250 g
17.6 ml

10% (w/v) N-Laurylsarcosine (sodium salt)

26.4 ml

The above were dissolved in 293 ml sterile DEPC-treated water at 65°C and stored at
4°C. For use, solution D was prepared by adding 72 pi 2-mercaptoethanol to 10 ml of
the stock solution, and stored for up to two weeks.
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2 .8 .2 Quantification of RNA and DNA
10 \d aliquots of DNA and RNA samples were diluted to 250 \i\ in water and the
absorbances read at 260 and 280 nm in a LKB Ultrospec II spectrophotometer. The
ratios of A2 6 0 /A2 8 Owere calculated. These should be 1.8 for DNA and 2.0 for RNA,
with lower values indicating impurities or contamination by phenol or protein. The
concentration of DNA or RNA was calculated by the formulae:
A2 6 OX 40 X dilution factor = ng/ml RNA
A2 6 0 X 50 X dilution factor = ng/ml DNA
The quality of RNA prepared was assessed by electrophoresing through a 1.2% (w/v)
agarose gel (see section 2.8.3). This should show two clear ribosomal bands.

2 .8 .3 Agarose Gel Electrophoresis
Horizontal submarine gel electrophoresis was used for the analysis of DNA and RNA
Unless otherwise stated, 1% (w/v) agarose in TAE was used for DNA and 1.2% (w/v)
agarose in TAE for RNA analysis. The agarose was added to the buffer and heated until
melted then allowed to cool to approximately 60°C. Ethidium bromide was added to
give a final concentration of 0.5 pig/ml. Ethidium bromide contains a planar group
which intercalates between staked bases of single- or double-stranded DNA causing the
fluorescent intensity of the dye to increase, hence the DNA or RNA product can be
visualised under UV light. A perspex mould with two solid sides was prepared by
forming the remaining two sides with masking tape and placing a comb approximately
1 cm from one end, ensuring that it was not touching the bottom of the mould. The
cooled agarose was poured into the mould and allowed to set at room temperature.
Once set, the comb was carefully removed and the gel placed into the manifold with the
wells towards the cathode. The gel was then covered in IX TAE, the running buffer.
DNA samples were loaded in DNA loading dye (15% (w/v) ficoll, 0.25% (w/v) xylene
cyanol, 0.25% (w/v) bromophenol blue) and for RNA samples an RNA loading dye
was used (20% (w/v) ficoll, 0.2% (w/v) bromophenol blue). RNA was denatured at
65°C for 10 minutes then quenched on ice prior to loading onto the gel. The samples
were electrophoresed at 60 V, unless otherwise stated, until the leading dye was at least
three-quarters of the way down the gel. The gel was visualised using a UV
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transilluminator. Appropriate DNA markers were used to assist in the detection of DNA
fragments of a specific size.

2 .8 .4 Dot-BIot Analysis of RNA
Samples were standardised to contain equal quantities of RNA/50 pi. The 50 pi aliquots
of RNA were mixed with 50 pi formamide and denatured at 65°C for 10 minutes then
quenched on ice. 8 pi of 3 M sodium acetate, pH 5.2, was added and the volume made
up to 200 pi with solution A (see below). Two-fold serial dilutions were made with
solution A in a 96-well plate, on ice. The dot-blot manifold was soaked in 0.1% (v/v)
DEPC water for 30 minutes prior to assembling with the Hybond-N+, which had been
pre-wetted with DEPC-water, then with 20 x SSC. 100 pi samples were applied by
suction at a rate of approximately 100 pl/20 minutes, then washed with 100 pl/well
solution A. The RNA was fixed onto the filter by soaking in fresh 50 mM NaOH for 5
minutes. After rinsing in 2 x SSC, the filter was sealed in Saran Wrap and stored at
4°C.

Solution A
Formamide (pure)
3 M Sodium acetate, pH 5.2
DEPC-water

12ml
2 ml
10ml

The above reagents were mixed and stored for up to 2 weeks at 4°C.

2 .8 .5 Northern Blot Analysis of RNA (Herrin and Schmidt, 1988)
A formaldehyde gel was constructed using 1% (w/v) agarose in IX MOPS (diluted
from 10X stock using 1 part formaldehyde:6 parts water), with IX MOPS used as a
running buffer. 10 pg samples of RNA were dried down under a vacuum, resuspended
in 10 pi loading buffer (50% (v/v) formamide (pure), 16.7% (v/v) formaldehyde in IX
MOPS), then denatured at 65°C for 10 minutes and quenched on ice. 1 pi RNA loading
dye was added to each sample which were then loaded onto the gel. Small gels were
run at a constant current of 30 mAmps for approximately 2 hours, and large gels at 75
mAmps for approximately 5 hours.

71
When the gel had finished running it was removed from the tank, trimmed to remove
the wells, and measured to enable a piece of Hybond-N+ to be cut to the same size. A
comer was cut from the gel and from the corresponding piece of Hybond-N+ to enable
the orientation to be assessed after blotting. The Northern blot was constructed as
shown in figure 2.4. Care was taken not to trap any air bubbles between the layers, and
any gel and wicks visible were covered with cling film to prevent short-circuiting and
evaporation of the buffer. The blot was run overnight then carefully dismantled. To
check for ribosomal bands the filter was first fixed in 50 mM NaOH (RNA-side down),
then rinsed in 2x SSPE before placing in 0.02% (w/v) methylene blue (RNA-side up)
(ribosomal bands should appear within 3 minutes). Finally the filter was washed in IX
SSPE until the background staining faded, then sealed in Saran Wrap and stored at
40C.

weight
glass plate
5 sheets Whatman 3MM
(2 pre-soaked)

paper towels
Lv.” ^ v/.-~ v~ v7?3

Hybond-N+ filter

inverted gel

vz/s/y/yjzi
pre-soaked Whatman
3MM ’wick' ^

glass plate
20x SSC reservoir

Figure 2.4. Northern Blotting

cling-film seal
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2 .8 .6 Southern Blot Analysis of DNA (Southern, 1975)
A restriction endonuclease digest was carried out initially, according to Method 2.8.7
(iv) to 'release' the fragment of DNA of interest. The DNA was electrophoresed on a
0.8% (w/v) agarose gel, with markers, then observed under UV light. The distance of
the marker bands was measured for future reference. The gel was placed into 0.25 M
H Q until the dyes had changed colour (bromophenol blue to green; xylene cyanol to
yellow), rinsed in distilled water and left to soak in 0.4 M NaOH whilst the blotting
apparatus was constructed (Figure 2.4). Blotting was carried out as for Northern
blotting and the DNA allowed to transfer for 2-3 hours. The Hybond-N+ membrane
was then removed, washed briefly by immersion into 2X SSPE, then wrapped in Saran
Wrap and stored at 4°C.

2 .8 .7 Preparation of cDNA Probes
cDNA probes were generally supplied as recombinants. To maintain sufficient stocks
of the cDNA, the plasmids were transformed into competent cells and stored at -70°C.
Cells were then grown up from the frozen stocks, hence the amount of cDNA could be
amplified. Table 2.1. summarises details of the probes used.

PROBE

NAME

TNF-a

(PAT 153)
pGeml LL-ip

IL-ip
IL-6
TGF-p
p-Actin
GAPDH
ER
Prolactin

(pSP64)
pGHTGFB-27
pHFbA-3'UT
pG3PCR-4
pER35
pJMBG61

VECTOR
PAT 153
pGem-1
pSP64
pGem
pBR322
pUC 18
pGem3
pUR291

RESISTANCE ENZYME
Tet.
Amp.
Amp.
Amp.
Amp.
Amp.
Amp.
Amp.

Table 2.1. cDNA Probes

PstI
EcoRI+PstI
Sall+EcoRI
HindM+EcoRI
EcoRI+BamHI
BamHI

SIZE
1200
320

Sphl+EcoRI

300
300
700
1000
1800

PstI

588

(i) Competent cells
A streak was made onto an agar plate from a frozen stock of bacteria, and incubated at
37°C overnight. A single fresh colony was then used to innoculate 5 ml of LB and the
culture incubated at 37°C, with shaking, until the cells had reached early log phase of
growth (O.D. 550 = 0.3). Bacteria were then subcultured (1:20) into 100 ml of LB,
prewarmed to 37°C, and grown for a further 2 hours, or until the O.D. reading had
reached 0.48. After chilling on ice, the culture was centrifuged in Corex tubes in a
Beckman J2-21 centrifuge, at 5000 rpm for 10 minutes, 4°C. Cells were resuspended
in 2/5 volume of Tfbl and left on ice for 5 minutes. A second centrifugation was
performed as before, then the cells were resuspended in 1/25 volume of Tfb2 and left
on ice for a further 15 minutes. Finally, suitable aliquots were dispensed into pre
chilled freezing vials, snap frozen in dry ice and stored in liquid nitrogen.

(ii) Transformation of competent cells
Competent cells were placed at room temperature until just thawed, then left on ice for
10 minutes. Plasmid DNA was added up to 2/5 the volume of cells (no more than
100 ng/200 \i\ cells) and the cells incubated on ice for 30 minutes. The cells were heat
shocked by placing at 42°C for 90 seconds then returned to ice for 2 minutes.
Approximately 2 volumes of LB were added at room temperature and the cells then
incubated at 37°C for 60 minutes with gentle shaking, to allow plasmid establishment.
The culture was plated out onto agar plates, with the appropriate selection, and
incubated for 30 minutes at 37°C, then the plates were inverted and the incubation
continued overnight. A control culture was also performed whereby no DNA was
added to the cells. This was plated out in the same manner (hence no colonies should
form).

(iii) Plasmid preparation
Plasmid preparations were carried out on either a small or large scale, depending on the
final quantity of DNA required. For small scale preparations, colonies from the above
prepared agar plates (Section 2.8.7(H)) were innoculated into 10 ml of LB containing
either ampicillin or tetracycline (50 ng/ml) and incubated for 4-6 hours at 37°C, with
shaking. A Magic Minipreps DNA Purification System was used according to the
instructions in the kit, to purify plasmid DNA. For large scale plasmid preparations the

initial 10 ml culture was grown up as described above, then added to 490 ml of LB and
the incubation continued overnight. The culture was spun at 4000 rpm for 10 minutes,
4°C, and the supernatant discarded. The plasmid DNA was then extracted from the
bacterial pellet using a Qiagen Plasmid Kit, following the instructions for Maxi
preparations. The concentration of DNA obtained was assessed as described in method
2 . 8 .2 .

(iv) Restriction endonuclease digestion
To 'release' the cDNA fragment from the plasmid in which it was contained a digest
was performed. For this, purified DNA (volume equivalent to 1 ng) was mixed with
the appropriate buffer (diluted 10-fold to its working concentration) and restriction
endonuclease (1 U/ng DNA) in an eppendorf tube, ensuring that the enzyme did not
exceed 10% of the final volume. After mixing thoroughly, the tube was placed at 37°C
for 90 minutes. The reaction was stopped by placing the tube on ice and the sample
analysed by agarose gel electrophoresis, as in method 2.8.3, with the undigested DNA
included as a control.
When a double digest was carried out, both enzymes could be added together, provided
that they shared a common buffer. If a separate buffer was required to ensure maximal
efficiency of the second enzyme, then the sample buffer was adjusted after 60 minutes
incubation with the first enzyme, and the incubation then continued at 37°C for a
further 60 minutes with both enzymes.

(v) Purification of DNA from agarose
The fragment produced by restriction endonuclease digestion was excised from the
agarose gel and purified using either a Geneclean Kit, designed to purify DNA of
greater than 500 bp to 1.5 kb in length, or a Mermaid K it, designed to purify DNA
from 10 bp to 1 kb in length. Both kits utilise the fact that single and double stranded
DNA is able to bind to the specially formulated silica matrix whilst DNA contaminants
cannot. The resulting DNA was then analysed by agarose gel electrophoresis to ensure
that it had been efficiently eluted from the silica matrix.

(vi) Verification of cDNA probes
cDNA probes require verification in terms of assuring that the probe is able to bind to
the mRNA transcript of the correct size. This was carried out by labelling the cDNA as
described in Section 2.8.8 and hybridising to a Northern blot filter, as in Section 2.8.9.
The filter was then autoradiographed and the position of the resulting band(s) compared
to the 18S and 28S ribosomal bands detected by staining the filter with 0.02% (w/v)
methylene blue (Section 2.8.5).

2 .8 .8 Labelling of DNA
DNA was labelled using a Multiprime Kit based on the random sequence
hexanucleotide priming method of Feinberg & Vogelstein (1983), using Klenow. Prior
to labelling, the DNA sample (volume equivalent to 10-20 ng DNA) was diluted with
sterile micronised water to give a final volume of 50 nl and heated at 95°C for 2-5
minutes to denature the DNA, which was then added to the standard Multiprime
reaction and labelled for 3-5 hours, at room temperature, using [a-32P]dCTP. The
labelling reaction was terminated by the addition of 20 mM EDTA, and the volume
made up to 100 [xl with water.
To measure the incorporation of radioactive label into the DNA, 1 \d of the reaction mix
was spotted onto the centre of each of two 2.3 cm discs of Whatman DE81 ion
exchange paper. The paper is ionically charged such that DNA will bind but
unincorporated nucleotides do not. One disc was washed three times, for 5 minutes
each wash, in 0.5 M Na2 HPC>4 5then rinsed in water and finally in absolute ethanol.
Once dry, an approximation of the percentage incorporation could be made using a
Series 900 mini monitor, but for an accurate assessment the filters were counted in a
LKB 1209 Rackbeta liquid scintillation counter, using Optiphase HiSafe 3 scintillant.

2 .8 .9 Hybridisation
Prior to hybridisation, any residual methylene blue stain was removed from the surface
of filters by washing in 0.2X SSPE, 1% (w/v) SDS for 15 minutes, with gentle
agitation, according to the method of Herrin & Schmidt (1988). The prehybridisation
solution was prepared as described below, and approximately 20 ml of the solution was
used per hybridisation bottle. The filters were placed into the bottles with the
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RNA/DNA side facing inwards, and incubated in a Hybaid rotary hybridisation oven,
at 65°C overnight for Southern blots, and at 50°C for 3-5 hours for Northern blots and
dot-blots. The labelled cDNA probe (Method 2.8.8) was denatured at 95°C for 5
minutes, quenched on ice, then added to the prehybridisation mix and the blots
incubated at the above temperatures overnight.
Following the overnight incubation, the hybridisation fluid containing the probe was
removed and stored at 4°C for future re-use. Southern blot filters were washed at
65°C, twice in 100 ml 2X SSPE, 0.5% (w/v) SDS for 15 minutes each wash, and once
in 100 ml 0.2X SSPE, 0.5% (w/v) SDS for 10 minutes. Northern blot and dot-blot
filters were washed twice in 100 ml 2X SSC, 0.5% (w/v) SDS, at 65°C, except when
p-actin or glyceraldehyde-3-phosphate dehydrogenase (GAPDH) cDNA probes were
used, when higher stringency washes of 0.5X SSC, 0.1% (w/v) SDS were required.
Blots were then wrapped in Saran Wrap and autoradiographed by exposing to X-ray
film at -70°C, with an intensifying screen. Autoradiographs were analysed using a
hand-held densitometer.
The radioactive probe was removed from the filters by placing them into a boiling
solution of 0.1% (w/v) SDS and leaving until cool. Blots were then rinsed in 2X SSC,
sealed in Saran Wrap and stored at 4°C.
Prehvbridisation solution /Northern and dot blots")
50% (w/v) Dextran sulphate
Formamide
10X SSC
20% (w/v) SDS
0.5MEDTA
50X Denhardt's
10 mg/ml Salmon sperm DNA

10 ml (10%)
16.5 ml (33%)
10 ml (2X)
1.25 ml (0.5%)
200 (xl (2 mM)
10 ml (10X)
1 ml (0.2 mg/ml)

Denhardt's solution was prepared by dissolving 1% (w/v) ficoll, 1% (w/v) PVP and
1% (w/v) BSA in micronised water, filtering, and storing in aliquots at -20°C. A
solution of 10 mg salmon sperm DNA/ml water was sheared by passing through a 19gauge hypodermic needle several times. The solution was then denatured in a boiling
water bath for 10 minutes, chilled quickly on ice, and stored at -20°C in small aliquots.
The prehybridisation solution was then prepared by mixing all of the above reagents.
The solution could be stored at room temperature for several months.
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Prehvbridisation solution fSouthern blots")
30X SSPE
50X Denhardt's solution
50% (w/v) Dextran sulphate
20% (w/v) SDS
10 mg/ml Salmon sperm DNA

10 ml (6X)
5 ml (5x)
5 ml (5%)
2.5 ml (1%)
250 pi (50 Mg/ml)
27 ml

Water
The solution was made up as described above.

2.8.10

Reverse T ranscription of RNA

RNA was reverse transcribed to form cDNA prior to amplification in the polymerase
chain reaction (PCR). Approximately 320 ng of total RNA, prepared as in Method
2.8.1, was mixed in an eppendorf tube with 50 mM Tris-HCl (pH 8.3), 75 mM KC1,
3 mM MgCl2, 10 mM DTT, 0.5 mM each of dGTP, dATP, dTTP and dCTP, 1.5 pM
pd(T)i2 -i8, 30 units RNAguard RNase inhibitor and 400 units M-MLV reverse
transcriptase. The volume was made up to 30 pi with DEPC-water and the tube placed
into a Perkin-Elmer Cetus DNA Thermal Cycler set at 37°C, for 60 minutes. When
Superscript RNase H- reverse transcriptase was used in place of M-MLV, the order of
addition of reagents and temperatures used were followed according to instructions.
The reaction was terminated by heating to 95°C for 10 minutes then placing on ice.
Samples were either used directly in the PCR (Method 2.8.11), or were stored at -20°C
for future use.

2.8.11 Amplification of DNA (Saiki et al., 1988)
Amplification was carried out in a final volume of 100 pi containing 2 pi of the above
reaction mix (Method 2.8.10), 200 pM each of dGTP, dATP, dTTP and dCTP, 1 pM
of each of two oligonucleotides, specific for the DNA sequence, 2.5 units Thermus
aquaticus (Taq) DNA polymerase (Chein et a l, 1976), MgCl2 at its optimised
concentration and IX buffer, specific for the Taq DNA polymerase used. The mixture
was overlayed with 100 pi of mineral oil to minimise evaporation, and amplification
carried out in the Perkin-Elmer Cetus DNA Thermal Cycler. The DNA was denatured at
95°C, the oligonucleotides annealed at a temperature which depended on their
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composition, and the DNA extended at 72°C. The length of each stage of the reaction
and the number of cycles required to achieved maximal amplification depended on the
primers used. Finally, 10 id of the reaction mix was analysed by agarose gel
electrophoresis, as in method 2.8.3. For a clearer resolution of bands, NuSieve 3:1
agarose was used, according to instructions.

2.8.12 Quantification of the PCR (Wiesner, 1992)
RNA was reverse transcribed as outlined (Method 2.8.10) and amplified by PCR using
method 2.8.11 and including 100 nCi [<x-32P]dCTP in the PCR reaction. At alternate
cycles, 2 id of the reaction mix was removed and added to an eppendorf tube containing
5 id of unlabelled PCR product, to facilitate visualisation of bands at early cycle
number, and 3 [d water. Tubes were placed on ice to terminate the reaction and, once all
samples had been collected, 1 id DNA loading dye was added and the samples loaded
onto a 4% (w/v) NuSieve 3:1 agarose gel. Bands were visualised under UV light and
excised from the gel, then placed into scintillation vials. To measure background levels
of radioactivity, slices were cut from nearer to the anode. The vials were left at 80°C
overnight to dry the gel slices, 500 id Optiphase HiSafe 3 added and counts made in a
LKB 1209 Rackbeta liquid scintillation counter.

2.8.13

Sequencing

Sequencing reactions were performed using an AmpliTaq Cycle Sequencing Kit, which
is based on the chain-termination DNA sequencing method (Sanger et al., 1977).
Primers were end-labelled with [y-32P]dATP using T4 polynucleotide kinase. Both the
forward and reverse primers for the DNA under examination were labelled, and the
forward primer alone from the kit was used with the control DNA. The cycling reaction
was spiked with an additional 0.5 id Taq DNA polymerase, and 1 fd [a-32P]dCTP, to
enhance the result.
Samples were analysed by denaturing gel electrophoresis, for which a denaturing gel
was constructed as described below. Two glass plates, which had been soaked in 2 M
KOH overnight, were rinsed in water and cleaned using absolute ethanol then air-dried.
The top plate was treated with dimethyldichlorosilane solution to prevent the gel from
sticking, then cleaned with water and ethanol as before. The bottom plate was treated
on the gel-side with a solution of 20 ml ethanol, 120 id glacial acetic acid and 200 |xl
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silane for 2 minutes, to facilitate the adherence of the gel, and was then cleaned once
again with water and ethanol. The bottom plate was then prepared with spacers along
its edges and the gel poured using the sliding plate technique. A shark's tooth comb
was inserted into the gel upside-down and the plates clamped together until the gel had
polymerised. Immediately prior to loading, the sequencing reactions were denatured at
75°C for 2 minutes. The comb was placed in the gel the right way up and 5 *d of
reaction mix loaded into each well. The gel was run in TBE buffer at 1200 V, 30 mA
for the appropriate amount of time. The top plate was then levered off and the gel
soaked in 10% (v/v) methanol, 10% (v/v) HAc for 20 minutes. Finally, the gel was
then drained and wrapped in Saran Wrap and autoradiographed overnight at room
temperature.
Denaturing gel
Urea

21 g

40% (w/v) Acrylamide

10 ml

10X TBE
16% (w/v) Ammonium persulphate

5 ml
100 \x\

N,N,N',N'-Tetramethylethylenediamine (TEMED)

100 [xl

A 40% (w/v) solution of acrylamide was made by dissolving 38 g acrylamide (DNAsequencing grade) and 2 g N,N'-methylenebisacrylamide in 100 ml water. This could
be stored in the dark, at 4°C, for several weeks. The urea was then dissolved in the
acrylamide solution and TBE by heating gently. The solution was cooled and,
immediately prior to pouring the gel, the ammonium persulphate and TEMED were
added.

2 .9

STATISTICAL ANALYSIS

Data was expressed as mean ± SEM and analysed using an unpaired or paired
Student's T-test where the number of experiments included did not exceed five. Where
six or more experiments were included for analysis, the Mann-Whitney U test or
Wilcoxon signed-rank test were employed. Each data point was compared separately to
the control and corrections were not made for any statistical errors which may have thus
arisen.

CHAPTER THREE
SEX HORMONE MODULATION OF
CYTOKINE EXPRESSION

3 .1

INTRODUCTION

The complex cellular interactions which occur during a normal inflammatory response
appear to be governed, at least in part, by an equally complex array of inter- and
intracellular mediators, including cytokines. The same factors are also likely to be
involved in chronic inflammatory conditions such as RA. As was discussed in Chapter
One, cytokine products such as IL-la, IL-lp, TNF-a, IL-6 and TGF-p have been
detected in the synovial fluid and synovial membrane from RA patients (reviewed by
Brennan et al, 1991), often in close proximity to areas of active joint destruction (Chu
et al., 1992). The release of such cytokines by cells within the joint may contribute to
the pathogenesis of the disease. IL lp and TNF-a, for example, share a vast spectrum
of biological effects including the release of degradative enzymes, osteoclast activation
and fibroblast proliferation (reviewed by Dinarello, 1989). Both IL-1 and TNF-a can
induce IL-6 release which may act to amplify the destructive processes initiated by the
latter two cytokines, as well as contributing with its own effects (reviewed by Van
Snick, 1990). In addition, the cytokine TGF-p is critical to both the induction and
potentiation of immune and inflammatory responses and also to the reparative processes
which follow (reviewed by Wahl et al., 1990).
The effect of sex hormones on cytokine production is not widely reported and the
results that have appeared in the literature have been mainly concerned with hormonal
modulation of bone cell cytokine expression and release. Therefore, experiments were
designed to study the effects of the sex hormones oestrogen and testosterone on PBMC
cytokine expression. PBMC were studied from pre-, peri- and postmenopausal female
controls and RA patients in order to assess whether endogenous fluctuations in
hormone levels also affect cytokine production. Cells were initially obtained from
normal controls and cultured with various concentrations of 17p-oestradiol or
testosterone. The release of IL-6 and TNF into the culture supernatant after 24 hours of
incubation was studied by means of bioassays. Following this, a comparison was made
between control and RA PBMC in terms of cytokine mRNA expression, using cDNA
probes for IL lp , TNF-a, IL-6 and TGF-p. Cells were cultured for differing lengths of
time with a range of oestrogen concentrations. In addition, the expression of prolactin
mRNA was studied in response to oestrogen treatment. Prolactin has been termed a
new cytokine as it has the potential to act on human lymphocytes which express
specific receptors (Russell et al., 1984a), and these cells can then release a prolactin
like substance (Montgomery et al., 1987) which also binds to the receptors on the
surface of immune cells. It is thought to have an important role in immune function,

either per se, or through the induction of ODC and the subsequent production of
polyamines (see Introduction, Section 1.8.5).
The release of oestrogen is under the control of FSH from the pituitary. As it is
possible that an effect of hormones on the immune system may be via FSH rather than
oestrogen itself, the effect of this hormone was studied on cytokine mRNA expression
by PBMC obtained from normal male and female controls. PBMC were cultured for 24
hours with a range of FSH concentrations and the expression of ILrlp, TNF-a, IL^6,
TGF-p and prolactin mRNA studied.
The sex hormones have been reported to affect immune function although the
mechanism is still unclear (see Introduction, Section 1.6). Cellular proliferation in
response to exogenous stimuli is the basis of cell-mediated immunity. Therefore,
PBMC from controls and RA patients were incubated for 72 hours with PHA, an antiCD3 mAb, 11^2 or a combination of the latter two stimuli, alone or with 17p-oestradiol
or testosterone at various concentrations. An IL-2 dysfunction has been reported in RA
(Combe et a/., 1975; Emery et al., 1984), and the response of rheumatoid PBMC to
PHA and anti-CD3 mAb have been reported to be abnormal (van den Brink et al.,
1992). Thus, by studying the proliferative response of both control PBMC and those
from RA patients to these stimuli, as well as the expression and release of cytokines, in
the presence and absence of sex hormones, it was hoped to gain more knowledge into
the activity of rheumatoid immune cells and hormonal modulation of immune function.

3 .2

METHODS

3 .2 .1 The Effect of Oestrogen and Testosterone on PBMC Cytokine
Production
PBMC were prepared from the peripheral blood obtained from normal male and female
controls (Method 2.4.1) and resuspended in phenol red-free RPMI supplemented with
10% (v/v) CS-FCS to a concentration of 1X106 cells/ml. Cells were aliquotted into a

24-well plate at 1X106 cells/well and cultured for 24 hour at 37°C, 5% 00^95% air, in
the presence of medium alone (basal control), ethanol, at a dilution equivalent to that of
the highest hormone concentration (vehicle control), 1 ng/ml LPS or 17a-oestradiol,
17p-oestradiol or testosterone at final concentrations of 10_12-10-8 M. Following 24
hours incubation, cells were pelleted by centrifuging the plate at 1200 rpm for 10
minutes and the cell supernatants removed into 1.5 ml eppendorf tubes and stored at

-20°C prior to analysis. The IL-6 or TNF content of the supernatants was determined
by bioassay (Method 2.5) with the values obtained spectrophotometrically and
extrapolated from the relevant standard curve to give U/ml IL-6 or TNF, as described
(see Methods 2.5.1 and 2.5.2).

3 .2 .2 The Effect of Oestrogen on Control and RA PBMC Cytokine
mRNA Expression
PBMC were prepared from the peripheral blood obtained from male and female
controls and RA patients (Method 2.4.1) and resuspended in either phenol red-free
RPMI supplemented with 10% (v/v) CS-FCS or serum-free RPMI to a concentration of
1X106 cells/ml. Cells were aliquotted into 5 cm2 petri dishes at 10X106 cells/dish and
cultured at 37°C, 5% C02/95% air. In all experiments untreated cells were incubated
with a vehicle control, consisting of ethanol at a dilution equivalent to that of the highest
hormone concentration and treated cells consisted of those incubated with 17poestradiol at concentrations between 10'13 and 10-7 M. Additionally, in one experiment,
the inactive enantiomer 17a-oestradiol was included at 10‘9 M, and in two experiments,
LPS was included as a positive control, at a final concentration of 1 ng/ml.
Routinely, cells were harvested at 24 hours. In one experiment cells were harvested at 6
and 24 hours and a time course was constructed with time points at 7,12, 24,48 or 72
hours. To harvest cells the non-adherent cells were first removed into centrifuge tubes
and the adherent cells then dislodged from the surface of the petri dish with a cellscraper, using ice-cold PBS to facilitate the process. Both cell populations were
combined and pelleted by centrifuging at 1000 rpm for 10 minutes. Cell pellets were
lysed in Solution D (see Method 2.8.1) and stored at 4°C for up to 1 week. RNA was
prepared using the guanidinium-isothiocyanate method (Method 2.8.1) and quantified
(Method 2.8.2) prior to either Northern blotting (Method 2.8.5) or dot-blotting
(Method 2.8.4). Cytokine cDNA probes were prepared (Method 2.8.7) and labelled
(Method 2.8.8) before hybridising to the Northern blot and dot-blot filters (Method
2.8.9) which were then autoradiographed. Scanning densitometry was used to compare
bands or dots for alteration of mRNA expression. Filters were stripped (see Method
2.8.9) and stored at 4°C between hybridisations.

3 .2 .3 The Effect of FSH on PBMC Cytokine mRNA Expression
PBMC were prepared from the peripheral blood obtained from normal male and female
controls (Method 2.4.1) and resuspended in serum-free RPMI to a concentration of
lXlO6 cells/ml. Cells were aliquotted into 5 cm2 petri dishes at 10X106 cells/dish and
cultured at 37°C, 5% C02/95% air. Untreated cells were incubated with a vehicle
control, consisting of ethanol at a dilution equivalent to that of the highest hormone
concentration, and treated cells consisted of those incubated with FSH at concentrations
between 1 0 10 and 107 M. After 24 hours, cells were harvested, the RNA extracted and
analysed by dot-blotting, and the filters hybridised to cytokine cDNA probes as
described (Section 3.2.2).

3 .2 .4 The Effect of Testosterone and Oestrogen on Control and RA
PBMC Proliferation
PBMC were prepared from the peripheral blood obtained from male and female
controls and RA patients (Method 2.4.1) and resuspended in phenol red-free RPMI
supplemented with 10% (v/v) CS-FCS to a concentration of 1X106 cells/ml (Method
2.6). Cells were cultured with either a vehicle control, consisting of ethanol at a dilution
equivalent to that of the highest hormone concentration, 109 M 17p-oestradiol or
10*9 M testosterone, and either medium alone, an anti-CD3 mAb (aCD3) at a 1/100
dilution, lpg/ml PHA, 500U/ml rhIL-2 or a combination of aCD3 and rhIL-2. After 72
hours, cells were pulsed, harvested and counted (Method 2.6). Results were analysed
as counts (CPM) obtained in the absence of oestrogen or testosterone, or a comparison
was made between counts obtained with and without the addition of either hormone.

3 .3

RESULTS

3 .3 .1 The Effect of Oestrogen and Testosterone on PBMC Cytokine
Production
The effect of oestrogen and testosterone on cytokine production by PBMC from normal
male and female controls was assessed by bioassay in terms of EL-6 and TNF
production (Method 3.2.1). The general pattern of EL-6 or TNF release was the same
for male and female PBMC, and no obvious correlation was found between oral
contraceptive use, menopausal status or stage of menstrus and cytokine production, in
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the absence or presence of sex hormones. Therefore, results obtained for male and
female PBMC were combined, with the data from five separate IL-6 bioassays and six
TNF bioassays pooled and analysed.
As shown in Figure 3.1 A and B, 1 (ig/ml LPS induced significant PBMC IL-6 and
TNF release, with the basal production of IL-6 increased from 12860 to 143200 U/ml
and basal TNF production increased from 47 to 1564 U/ml. Cytokine production in the
presence of vehicle was not significantly different to that of the basal control (medium
alone) with the respective levels of IL-6 being 14800 and 12860 U/ml and that of TNF
being 35 and 47 U/ml. 17a-oestradiol, 17p-oestradiol and testosterone, at
concentrations ranging from 10-12 to 10'8M, had no significant effect on IL-6 or TNF
production. There appeared to be some dose-related effect of testosterone with IL-6 and
TNF release increased to 38680 and 70 U /m l, respectively, at 108 M, however this
was found to be not significant when analysed using a paired Student's T-test.

3 .3 .2 The Effect of Oestrogen on PBMC TGF-p mRNA Expression
The effect of oestrogen on PBMC cytokine mRNA expression was initially studied by
Northern blot analysis, as demonstrated in Figure 3.2, using a TGF-p cDNA probe.
Both experiments (lanes 1-4 and 5-10) utilised PBMC from normal premenopausal
female controls. Results demonstrated that the TGF-p cDNA probe annealed to two
transcripts of 2.5 and 4.1 kb, corresponding to TGF-p 1 and TGF-p2, respectively
(Madisen et al., 1988). PBMC were seen to express predominantly the TGF-pl
transcript. In the first experiment there appeared to be a slight enhancement of TGF-p
mRNA expression with 10*9 M 17p-oestradiol, as can be seen by comparing lanes 1
(control) and 4 (17p-oestradiol). 109M was chosen to represent a physiological
concentration of oestrogen. In contrast, 17a-oestradiol seemed to depress TGF-p
mRNA expression (lane 3) and 1 pg/ml LPS had no effect (lane 2). However, this
experiment involved incubating PBMC with the various stimuli for 6 hours in phenol
red-free RPMI supplemented with 10% (v/v) CS-FCS, and CS-FCS, although devoid
of endogenous steroids, contains growth factors, including TGF-p itself, which may
mask any effect with LPS or oestrogen. Indeed, the basal level of TGF-p mRNA
expression in RPMI containing CS-FCS (lane 1) was seen to be considerably higher
than that in serum-free medium (lane 5) at 6 hours, and this level had declined further at
24 hours (lane 8). Cells cultured in the serum-free medium appeared to demonstrate a
considerable upregulation of TGF-p mRNA expression with 109 M 17p-oestradiol at
24 hours (lane 10), whereas the same concentration of 17a-oestradiol had little effect at

6 (lane 6) or 24 hours (lane 9). Therefore, serum-free medium was used in all
subsequent experiments studying hormonal modulation of PBMC cytokine mRNA
expression.
As a result of a problem with the NaOH fixation of the filter prior to hybridising with
the TGF-p probe, further hybridisations could not be carried out, hence the data were
not normalised and the oestrogen effects seen could not be validated. Thus, the
experiment was repeated and filters were hybridised to a range of cytokine probes and
also to p-actin or GAPDH cDNA, to evaluate whether the results observed were
genuine, or simply due to loading inaccuracies.

3 .3 .3 The Effect of Varying Incubation Times with Oestrogen on PBMC
Cytokine mRNA Expression
Based on the preliminary results obtained with oestrogen, as described in Section
3.3.2, a time-course was carried out by incubating PBMC from a normal
premenopausal female control with either medium alone or 10*9 M 17p-oestradiol, and
assessing the mRNA expression at various time points by dot-blotting. Results in
Figure 3.3D illustrate that 17p-oestradiol had no effect on the expression of TGF-p at
either 7, 12, 24,48 or 72 hours. The filter was reprobed for IL-lp (A), IL-6 (B),
TNF-a (C) and prolactin (E), all of which show the same pattern of mRNA expression,
with oestrogen treatment of the cells being ineffective throughout. The filter was
normalised by probing for the house-keeping gene, p-actin (Figure 3.3E inset), which
showed equal loading.

3 .3 .4 The Effect of a Range of Oestrogen Concentrations on PBMC
Cytokine mRNA Expression
It was considered that the negative results obtained from the time-course experiment
may have been due to the use of an inadequate concentration of 17p-oestradiol,
therefore a wider range of concentrations was tested. PBMC from a normal
premenopausal female control were cultured for 24 hours with 10*7-10*13 M 17poestradiol, the results of which are shown in Figure 3.4. Hybridisation to IL-lp (A),
IL-6 (B), TNF-a (C) and TGF-p (D) cDNA probes demonstrated identical patterns of
mRNA expression, with an apparent potentiation at 10*10 and 10*13 M 17p-oestradiol
(lanes 5 and 8, respectively). However, the results with p-actin (Figure 3.4D inset) also
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showed the same pattern of mRNA expression indicating that this was due to unequal
loading and not to an effect of oestrogen on the PBMC.

3 .3 .5 The Effect of Oestrogen on Control and RA PBMC Cytokine
mRNA Expression
Previous experiments failed to demonstrate an oestrogen effect using a range of
hormone concentrations (Figure 3.4) and various incubation times (Figure 3.3).
However, both experiments used PBMC from normal premenopausal female controls,
therefore PBMC from a wider spectrum of controls and also RA patients were
examined. Cells were incubated with 17p-oestradiol at concentrations of 1O'8-10'12 M
and the RNA analysed by dot-blotting and hybridising the filter to a range of cytokine
cDNA probes. A GAPDH cDNA probe was used to normalise the data as it has been
reported that p-actin can be induced by oestrogen (Hsu & Frankel, 1987). However, as
Figure 3.6 illustrates, hybridisation to GAPDH and p-actin cDNA probes produced
identical patterns of expression (E inset). Figures 3.5 and 3.6 illustrate the results
obtained with PBMC from pre- and peri-menopausal female and male controls,
whereas Figures 3.7 and 3.8 illustrate the results with PBMC from pre-, peri- and
postmenopausal female and male RA patients. There is no evidence of an oestrogen
effect on the mRNA expression of any cytokine tested, although the cells were
responsive in culture as 1 pg/ml LPS induced an upregulation of both IL-6 (figure
3.5B, lane 2) and TNF-a (Figure 3.5C, lane 2) mRNA expression at 6 hours.
However, IL-lp (A), TGF-p (D) and prolactin (E) expression remained unchanged in
the presence of LPS. To further assess the ability of PBMC maintained in serum-free
medium to respond to an exogenous stimulus, proliferation to ConA was studied, and
found to be comparable to that obtained with cells cultured in medium supplemented
with serum (results not shown).

3 .3 .6 The Effect of FSH on PBMC Cytokine mRNA Expression
PBMC from a normal premenopausal female control were cultured for 24 hours with
FSH at concentrations 10*7-10'10 M. Total cell RNA was analysed by dot-blotting and
hybridising to EL-ip, IL-6, TNF-a, TGF-p and prolactin cDNA probes. As shown in
Figure 3.9, FSH had no effect on the expression of any of the cytokines examined.

3 .3 .7 The Effect of Oestrogen and Testosterone on Control and RA
PBMC Proliferation
The effect of 10-9 M oestrogen and testosterone on the proliferation of PBMC obtained
from a range of RA patients and controls to various stimuli was assessed. There was
considerable individual variation in the response to the stimuli tested, thus each
individual was included as a separate data point. Initially proliferation to PHA, an antiCD3 mAb (aCD3), EL-2 or a combination of aCD3 and IL-2 was compared for control
and RA PBMC, in the absence of oestrogen or testosterone (Figure 3.10). An unpaired
Student's T-test was employed to compare the response of control and RA cells and no
statistical difference was found. In addition, neither 17p-oestradiol nor testosterone had
any effect on the response of control or RA PBMC to the various stimuli, as shown in
Figure 3.11. Basal proliferation increased slightly in the presence of the two hormones,
from 584 to 1041 and 1173 CPM with oestrogen and testosterone, respectively, for
control PBMC, and from 551 to 618 and 730 CPM with oestrogen and testosterone,
respectively, for RA PBMC. However, this was not significant when analysed using a
paired Student's T-test (results not shown).

3 .4

SUMMARY

The results showed that there was no effect of oestrogen or testosterone, at any of the
concentrations tested, on control PBMC IL-6 or TNF-a production. There was also no
effect of oestrogen or FSH on control or RA PBMC IL-lp, IL-6, TNF-a, TGF-p or
prolactin mRNA expression, using a range of hormone concentrations and various
incubation times. The cells were shown to be responsive in culture by the addition of a
positive control (LPS). The conclusion of experiments investigating the effects of
oestrogen and testosterone on control and RA PBMC proliferation was that neither of
the sex hormones affected PBMC response to the stimuli included, and there was no
difference in the response of PBMC from controls and RA patients to the stimuli when
studied in the absence of hormones.
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Figure 3.1 The effect of oestrogen and testosterone on PBMC cytokine production
PBMC were obtained from normal male and female controls and cultured for 24 hours
in medium alone (basal, B), 0.01% (v/v) ethanol (vehicle, V), 1 pg/ml LPS (L) or 17aoestradiol, 17(3-oestradiol or testosterone at various concentrations. Supernatants were
harvested and assayed for (A) IL-6 or (B) TNF content. Results are expressed as U/ml
IL-6 or TNF with the data from five or six separate experiments pooled to give mean ±
SEM, and analysed using a paired Student's T-test by comparing each treatment group
to basal.
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Figure 3.2 The effect of oestrogen on PBMC TGF-p mRNA expression
PBMC were obtained from two normal female controls and cultured in either phenol
red-free RPMI supplemented with 10% CS-FCS (lanes 1-4) or in serum-free medium
(lanes 5-10). Lanes 1-4 represent cells which were either untreated or treated with 1
pg/ml LPS, 10’9 M 17a-oestradiol or 17p-oestradiol, respectively, for 6 hours. Lanes
5-7 and 8-10 represent cells which were untreated or treated with 10'9 M 17a-oestradiol
or 17p-oestradiol, respectively, for 6 (lanes 5-7) or 24 (lanes 8-10) hours. 9 pg total
RNA was loaded onto each lane and analysed by Northern blotting. The filter was
hybridised with a TGF-p cDNA probe and autoradiographed.
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Figure 3.3 Continued..
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The effect of varying incubation times with oestrogen on PBMC
cytokine mRNA expression

PBMC were obtained from a normal female control and cultured with medium alone or
10'9 M 17p-oestradiol for varying periods of time. Lanes 1, 3, 6 and 8 represent
untreated cells at 7, 12, 48 and 72 hours, respectively. Lanes 2, 4, 5,7 and 9 represent
oestrogen-treated cells at 7, 12, 24, 48 and 72 hours, respectively. Total RNA was
analysed by dot-blotting and the filter was then hybridised to a range of cytokine cDNA
probes and autoradiographed: (A) IL-lp; (B) IL-6; (C) TNF-a; (D) TGF-p and (E)
prolactin. All samples were normalised with a p-actin cDNA probe as shown in (E)
inset.
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The effect of a range of oestrogen concentrations on PBMC cytokine
mRNA expression

PBMC were obtained from a normal female control and cultured for 24 hours with
varying concentrations of 17p-oestradiol or with medium alone. Lane 1 represents
untreated cells and lanes 2-8 represent cells treated with 10‘7-1 0 13 M 17p-oestradiol,
respectively. Total RNA was analysed by dot-blotting and the filter was then hybridised
to a range of cytokine cDNA probes and autoradiographed: (A) IL-lp; (B) IL-6; (C)
TNF-a and (D) TGF-p. All samples were normalised with a p-actin cDNA probe as
shown in (D) inset.
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Figure 3.5
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Oestrogen modulation of cytokine mRNA expression by PBMC from
pre- and perimenopausal female controls

PBMC were obtained from a normal premenopausal (lanes 7-11) or perimenopausal
(lanes 1-6) female controls and cultured for 24 hours without stimulus (lanes 1 and 7)
or in the presence of 10*8-1 0 12M (lanes 3-6) or lO M O 12 M (lanes 8-11) 17poestradiol, or for 6 hours with 1 pg/ml LPS (lane 2). Total RNA was analysed by dotblotting and the filter was then hybridised to a range of cytokine cDNA probes and
autoradiographed: (A) DL-lp; (B) IL-6; (C) TNF-a; (D) TGF-p and (E) prolactin. All
samples were normalised with a GAPDH cDNA probe as shown in (E) inset.
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Figure 3.6

Oestrogen modulation of cytokine mRNA expression by PBMC from a
male control

PBMC were obtained from a normal male control and cultured for 24 hours without
stimulus (lane 1) or with 10'8-1 0 12M 17p-oestradiol (lanes 2-6). Total RNA was
analysed by dot-blotting and the filter was then hybridised to a range of cytokine cDNA
probes and autoradiographed: (A) IL-lp; (B) IL-6; (C) TNF-a; (D) TGF-p and (E)
prolactin. All samples were normalised with p-actin and GAPDH cDNA probes as
shown in (E) insets.
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Oestrogen modulation of cytokine expression by PBMC from pre- and
postmenopausal female and male RA patients

PBMC were obtained from a premenopausal (lanes 1-5) and postmenopausal (lanes 911) female RA patient and from a male RA patient (lanes 6-8). Cells were cultured for
24 hours without stimulus (lanes 1, 6 and 9) or with lO'MO'11 M (lanes 2-5) or 109
and 10'11 M 17p-oestradiol (lanes 7 and 8 and lanes 10 and 11, respectively). Total
RNA was analysed by dot-blotting and the filter was then hybridised to a range of
cytokine cDNA probes and autoradiographed: (A) EL-ip; (B) IL-6; (C) TNF-a; (D)
TGF-p and (E) prolactin. All samples were normalised with a GAPDH cDNA probe as
shown in (A) inset.
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Oestrogen modulation of cytokine expression by PBMC from
perimenopausal female and male RA patients

PBMC were obtained from a perimenopausal female RA patient (lanes 7-12) and from a
male RA patient (lanes 1-6). Cells were cultured for 24 hours without stimulus (lanes 1
and 7) or with 10_8-10'12M 17p-oestradiol (lanes 2-6 and 8-12). Total RNA was
analysed by dot-blotting and the filter was then hybridised to a range of cytokine cDNA
probes and autoradiographed: (A) EL-1p; (B) IL-6; (C) TNF-a and (D) TGF-p. All
samples were normalised with a GAPDH cDNA probe as shown in (D) inset.
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The effect of FSH on PBMC cytokine mRNA expression

PBMC were obtained from a normal female control and cultured for 24 hours in the
absence of stimulus (lane 1) or with 10'7-10*10M FSH (lanes 2-5). Total RNA was
analysed by dot-blotting and the filter was then hybridised to a range of cytokine cDNA
probes and autoradiographed: (A) IL-lp; (B) IL-6; (C) TNF-a; (D) TGF-p and (E)
prolactin. All samples were normalised with a GAPDH cDNA probe as shown in (E)
inset.

104

o Female
* Male
Control

RA

120000
100000 .
80000£

60000
40000
20000 .

■3 <

P *

y

5Q <N

Q

\

j

y

Figure 3.10 Proliferation of PBMC from controls and RA patients
PBMC were obtained from one pre- and one postmenopausal female and two male
controls, and from three pre- and three postmenopausal female and three male RA
patients. Cells were cultured with medium alone (control), 1 pg/ml PHA (PHA), 1/100
dilution anti-CD3 mAb (aCD3), 500 U/ml rhIL-2 (IL-2) or aCD3 in combination with
rhIL-2 (aCD3 + IL-2). After 72 hours cells were pulsed with [3H]thymidine for 4
hours, harvested and counted, and proliferation assessed. Results are expressed as
CPM, with the data for each individual included as a separate point, and analysed using
an unpaired Student's T-test by comparing control to RA for each treatment.
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Figure 3.11 The effect of oestrogen and testosterone on control and RA PBMC
proliferation
PBMC were obtained from one pre- and one postmenopausal female and two male
controls, and from three pre- and three postmenopausal female and three male RA
patients. Cells were cultured with medium alone (control), 1 pg/ml PHA (PHA), 1/100
dilution anti-CD3 mAb (aCD3), 500 U/ml rhIL-2 (IL-2) or aCD3 in combination with
rhIL-2 (aCD3 + IL-2), in the presence or absence of 10 9 M 17p-oestradiol or 10 9 M
testosterone. After 72 hours cells were pulsed with [3H]thymidine for 4 hours,
harvested and counted, and proliferation assessed. Results are expressed as CPM, with
the paired samples representing cells cultured in the absence (-) and presence (+) of
hormone, for each individual.
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4 .1

INTRODUCTION

Chapter Three discussed the findings of experiments investigating the effect of sex
hormones, in particular oestrogen, on PBMC cytokine production, at the protein and
transcriptional level, and on PBMC proliferation. The results obtained were negative,
which questioned the activity of the 17p-oestradiol used and the expression of ER by
the cells. There are few reports of ER expression by cells of the immune system, and
those studies cited in the literature have concentrated on the detection of ER protein
rather than mRNA expression. For example, oestrogen binding sites were detected on
human leukaemic cells (Danel et al., 1981) and later on human PBMC (Danel et al.,
1983), in particular it appeared that the CD8+ T cell population was ER positive with
CD4+ cells being negative (Cohen etal., 1983; Stimson, 1988). ERs have also been
demonstrated on a human monocytic cell line and on rat peritoneal macrophages
(Gulshan et al., 1990). However, a recent review doubted previous findings as
attempts to demonstrate the expression of mRNA in T cells were unsuccessful (Lahita,
1990).
Experiments were designed based on the necessity to validate previous negative results.
In the first instance the efficacy of 17p-oestradiol used in studies reported in Chapter
Three was assessed using cell lines known to be either oestrogen responsive or
unresponsive, namely the breast carcinoma cell lines, ZR-75, T-47D and Hs578T. The
ZR-75 (Engel et al., 1978) and T-47D (Keydar et al., 1979) cell lines are ER-positive
and oestrogen-responsive, whereas the Hs578T cell line is ER-negative and oestrogenunresponsive (Hackett et al., 1977). The proliferation of the three cell lines was studied
in response to 17p-oestradiol and the less active enantiomer, 17a-oestradiol. In
addition, the anti-oestrogen, tamoxifen, was used to determine the specificity of cell
responses to oestrogen.
Secondly, the expression of ER by PBMC, both from controls and RA patients was
assessed in order to attempt to clarify contradictions in the literature. The cell lines
discussed above were included as positive and negative controls, and, as the joint is the
centre of activity in RA, synovial fibroblasts and sections of RA synovial tissue were
also studied. The initial investigations of sex hormone receptors published in the
literature involved the use of binding assays using radiolabelled steroid, in particular the
dextran-coated charcoal assay. However, this is an indirect measurement and does not
allow for the discrimination between heterogeneous cell populations. In addition,
contamination of samples with other steroid-binding proteins could bias results. The
necessity for more sensitive and specific ER detection methods for breast carcinoma
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evaluation led to the development of the immunocytochemical assay (ICA), using
specific anti-ER mAbs. However, initial studies carried out as part of this project, with
a mAb reported to be directed against human ER, proved unsuccessful, as the antibody
reacted non-specifically with all cells tested.
The Abbott ER-ICA kit, which employs the H222 mAb to recognise a portion of the
ER molecule separate from the oestrogen-binding site, has provided an efficient and
specific ER detection system and is now used routinely for diagnostic purposes (Allred
et al., 1990). H222 was one of a range of ER-specific mAbs which enabled the nuclear
localisation of the ER to be determined and which hence led to the disproval of the
'two-step' model for oestrogen action (see Introduction, Section 1.2.2) (King &
Greene, 1984; Greene & Press, 1986). Applications for the H222 mAb do not seem to
be limited to the detection of ER in breast tumour cells and oestrogen-responsive
tissues, in that it has been used to detect ER in human osteoclasts (Pensler et al., 1990).
Therefore, the ER-ICA kit was employed with ZR-75 and Hs578T cell lines, PBMC,
synovial fibroblasts and synovium sections. Flow cytometry provides a means of
accurately distinguishing, qualitatively and quantitatively, between cell populations
expressing specific antigenic markers, by labelling with fluorescent conjugates. Thus, a
modification of the paraformaldehyde-saponin procedure (Sander et al., 1991) was
employed, as the ER is present intracellularly, and the above cell types were labelled
with the H222 mAb and examined by FACS analysis.
The expression of ER in cells and tissues which are thought of as being 'non-oestrogen
responsive', such as cells of the immune system, is hampered by the very low
concentration of receptor sites. The use of the H222 mAb for immunocytochemistry
and flow cytometry proved to be unsuccessful and therefore a more sensitive means of
detecting the limited number of ER was sought. An antibody has been described which
coprecipitates radiolabelled ER from human breast tumour and endometrial preparations
(Coffer et al., 1985a). The ER-D5 antibody was raised in mice against a partially
purified ER preparation from human myometrium and was found to recognise a 29 kD
cytoplasmic serine phosphoprotein (p29), which is distinct from the ligand binding unit
of ER (Coffer & King, 1988). p29 appears to be closely associated with the ER in that
there was a strong correlation between ER-D5 binding and ER sites in a series of
human breast tumours (Coffer et al., 1985b), and the antigen has been shown to be at
least as effective as ER in predicting the hormone sensitivity of breast tumours (Cano et
al., 1986). As p29 is thought to be present at approximately one thousand times the
concentration of ER in oestrogen-responsive tissues, and the ER-D5 was successful in
detecting ER in human bone-derived cells where the H222 mAb failed (Colston et al.,
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1989), ER-D5 was used with cells and sections in the APAAP immunocytochemical
assay and cells were also examined by FACS analysis.
The use of the antibody ER-D5 to detect p29 antigen may provide a sensitive method in
situations where ER protein is below the detection limit of conventional anti-ER
antibodies, but the specificity of this antigen has yet to be confirmed. Therefore, as an
alternative to studying the expression of ER protein, ER mRNA expression was
investigated. Greene et al. (1986) published the sequence for human ER cDNA and
from this a cDNA probe was designed which hybridised to the 6.2 kb ER mRNA
transcript of MCF-7 cells and coded for the synthesis of immunoreactive 65 kD ER.
The ER cDNA was used with mRNA from bone cells to detect an ER mRNA transcript
of 6-6.2 kb (Eriksen etal., 1988; Komm et al., 1988). Therefore, to analyse ER
mRNA expression, total RNA was obtained from PBMC and from the cell lines
ZR-75, T-47D and Hs578T, and Northern blotted. The filter was hybridised to an ER
cDNA probe and analysed by autoradiography.
In recent years, the PCR has gained precedence as an extremely sensitive method for
amplification of a specific cDNA sequence by the use of two primers which flank the
sequence of interest. Reverse transcription provides the ability to produce single
stranded cDNA from total RNA, hence the two techniques can be combined, RT-PCR,
to enable the detection of small amounts of mRNA. In addition, RT-PCR has been used
for the detection of ER mRNA, and has gained application in situations where Northern
blot analysis was unsuccessful (Hirata et al., 1992; Liu et al., 1992). Using this
information, specific primers were designed based on the human ER cDNA sequence,
and RNA from PBMC, synovial fibroblasts and cell lines was reverse transcribed and
amplified using the oligonucleotide primer set, in an attempt to detect the presence of
ERmRNA.

4 .2

METHODS

4 .2 .1 The Effect of Oestrogen on ZR-75, T-47D and Hs578T Cell
Proliferation
Confluent ZR-75, T-47D and Hs578T cells were trypsinised, washed twice in the
relevant culture medium and resuspended in phenol red-free RPMI supplemented with
10% (y/v) CS-FCS to a concentration of 1X106 cells/ml (Method 2.6). Cells were
cultured with either a vehicle control, consisting of ethanol at a dilution equivalent to
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that of the highest hormone concentration, or 10'7-10'13 M 17a-oestradiol or 17(3oestradiol, with each test performed in triplicate. After 72 hours, cells were pulsed,
harvested and counted (Method 2.6). Results were analysed as average counts (CPM)
for each triplicate and the effect of oestrogen on cell proliferation assessed.

4 .2 .2 The Effect of Tamoxifen on Oestrogen-Induced ZR-75 Cell
Proliferation
Confluent ZR-75 cells were trypsinised, washed twice in the relevant culture medium
and resuspended in phenol red-free RPMI supplemented with 10% (v/v) CS-FCS to a
concentration of lXlO6 cells/ml (Method 2.6). Cells were cultured with either a vehicle
control, consisting of ethanol at a dilution equivalent to that of the highest hormone
concentration, 109 M 17p-oestradiol, or with tamoxifen alone, at a concentration of
10'5 M, or in combination with 109 M 17p-oestradiol, at concentrations 10*n -10’5 M,
with each test performed in triplicate. After 72 hours, cells were pulsed, harvested and
counted (Method 2.6). Results were analysed as average counts (CPM) for each
triplicate and the effect of tamoxifen on basal cell proliferation and oestrogen-induced
cell proliferation assessed.

4 .2 .3 Northern Blot Analysis of ER mRNA Expression
Total cell RNA was prepared from freshly purified PBMC obtained from a normal
female control, and from confluent ZR-75, T-47D and Hs578T cells (Method 2.8.1)
and was Northern blotted (Method 2.8.5). The ER cDNA probe was prepared from
pER35 (Method 2.8.7), labelled (Method 2.8.8) and hybridised to the Northern blot
filter. A modified method of hybridisation was used, whereby the filter was added to a
prehybridisation solution (5X SSPE, 5X Denhardt's, 0.5% (w/v) SDS, 50% (v/v)
formamide, 20 pg/ml salmon sperm DNA) and incubated at 50°C for 5 hours. The
labelled ER cDNA probe was then added to the prehybridisation mix and the filter
incubated at 42°C overnight. After removing the hybridisation solution containing the
probe, the filter was washed at 65°C, twice in I X SSPE, 0.1% (w/v) SDS for 15
minutes each wash, and twice in 0.1X SSPE, 0.1% (w/v) SDS for 10 minutes each
wash, then autoradiographed.
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4 .2 .4 Southern Blot Analysis of ER cDNA
1 ^ig plasmid DNA containing ER cDNA was subjected to a restriction nuclease
digestion to release the ER cDNA insert, and electrophoresed on a 0.8% (w/v) agarose
gel with XHE as a marker, and Southern blotted overnight (Method 2.8.6). The filter
was hybridised to an ER cDNA probe (Method 2.8.9), prepared and labelled as
described (Methods 2.8.7 and 2.8.8), and autoradiographed.

4 .2 .5 Designing Oligonucleotide Primers for the Amplification of ER
cDNA
Hirata et al. (1992) reported the amplification of ER cDNA utilising a primer set which
flanked the oestrogen binding domain region of rat ER cDNA. Based on this,
oligonucleotide primers were designed which corresponded to the same region of the
human ER cDNA sequence (Greene et al., 1986) and synthesised by Colin Lazarus
(Bristol University, Bristol, UK). The forward primer (hE 101 IS) 5'-CAGTGAAGCT
TCGATGATGG-3' (nucleotides 1011-1030) and the reverse primer (hE1297AS) 5ATGATGTAGCCAGCAGCATG-3' (nucleotides 1297-1278) frame a 287 bp-long
region encoding part of the hormone-binding domain of human ER:
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4 .2 .6 Analysis of ER mRNA Expression by RT-PCR
Total cell RNA prepared from a range of cell types including control and RA PBMC,
synovial fibroblasts and the cell lines ZR-75, T-47D and Hs578T, was reverse
transcribed using either M-MLV or Superscript reverse transcriptase (Method 2.8.10).
The single stranded cDNA obtained was amplified during 32 cycles with Taq DNA
polymerase and the gene-specific primers hElOl IS and hE1297AS by PCR (Method
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2.8.11). Each cycle consisted of denaturation at 95°C for 1 minute, annealing at 55°C
for 1 minute and extension at 72°C for 1 minute. The annealing (or melting)
temperature (Tm) was calculated using the following equation:
Tm= 81.5 - 16.6(Logi0[Na+]) + 0.41 (%G+Q - (600/N)
The PCR product was analysed by agarose gel electrophoresis.
Taq DNA polymerase from NBL was supplied with a 10X buffer containing 15 mM
MgCl2 , whereas that obtained from Promega Ltd. or Perkin Elmer Ltd. was supplied
with a MgC^-free buffer, and thus a MgCl2 titration was carried out in order to
determine the optimal concentration required for each enzyme. This was achieved by
amplifying ZR-75 cell cDNA by PCR, as described above, in a reaction mixture
containing 0-6 mM MgCl2 , with the concentration giving optimal DNA amplification
chosen for use in all subsequent reactions.

4 .2 .7 Purification of Individual PCR Products by Band-Stab PCR
To purify two separate products occurring as individual bands in the same PCR
reaction, a band-stab PCR method was employed (Bjourson & Cooper, 1992). This
comprised of electrophoresing the product through a 4% (w/v) NuSieve low melting
temperature agarose gel, stained with ethidium bromide, which was then viewed on a
UV transilluminator. The appropriate bands were stabbed with a sterile hypodermic
needle which was subsequently inserted into a reaction mix containing all PCR
components except the DNA (Method 2.9.11). The two products were re-amplified and
analysed as before.

4 .2 .8 Sequencing ER cDNA
ZR-75 cell RNA was reverse transcribed and amplified with the gene specific primers,
hElOllS and hE1297AS, designed to flank a 287 bp region of the human ER
hormone-binding domain, as described (see Section 4.2.6). The cDNA product was
then sequenced, using end-labelled forward and reverse oligonucleotide ER primers
(Method 2.8.12).
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4 .3

RESULTS

4 .3 .1 The Effect of Oestrogen on ZR-75, T-47D and Hs578T Cell
Proliferation
To assess the effectiveness of the active enantiomer, 17p-oestradiol, in comparison to
the less active enantiomer, 17a-oestradiol, the proliferation of cell lines reported to be
either ER-positive or -negative was studied. Following 72 hours culture with
10‘13-10'7M 17a-oestradiol the proliferation of T-47D and Hs578T cells remained
unchanged, as shown in Figure 4.1B and C, respectively. 17p-oestradiol had a
tendency to suppress the proliferation of these two cell lines, which was significant
(p<0.05) at 10-11 M for T-47D (B) and at 1042 and 1040 M for Hs578T (C). In
contrast, the proliferation of ZR-75 cells was increased with concentrations of 17poestradiol from 1041 to 10_7M (Figure 4.1A). A maximum was reached at 10'8 M 17poestradiol of 180% compared to the control, significant at p<0.001. With respect to
17a-oestradiol, at concentrations below 10-8 M ZR-75 cell proliferation was
suppressed, and this inhibition was found to be significant ,when comparing to the
basal control, at 1042 M (p<0.05) and 1040 M (p<0.01) (Figure 4.1A). Concentrations
of 10'8 M 17a-oestradiol and above were stimulatory, with proliferation reaching a
significant level of approximately 155% at 10'7 M (p<0.05), when comparing to the
control value. The potency of the 17a- enantiomer was approximately 100-fold lower
than that of 17p-oestradiol.

4 .3 .2 The Effect of Tamoxifen on Oestrogen-Induced ZR-75 Cell
Proliferation
The specificity of the proliferative response of ZR-75 cells to 17p-oestradiol was
assessed by culturing the cells with either 1040 or 10'9 M 17p-oestradiol, previously
shown to produce a sub-maximal effect (Figure 4.1A), in the presence of tamoxifen at
concentrations ranging from 1041 to 10-5 M. As illustrated in Figure 4.2, tamoxifen
inhibited the response to both 10~9 (A) and 1040 M (B) 17p-oestradiol. The effect with
the higher oestrogen concentration, 10-9 M, was more variable (Figure 4.2A), in that
the lowest (1041 M) and highest (10-5 M) tamoxifen concentrations studied caused
significant inhibition of ZR-75 cell proliferation in response to oestrogen of 50%
(p<0.01) and 110% (p<0.05), respectively, whereas the inhibition achieved at
concentrations between 1041 and 10-5 M tamoxifen varied between 20 and 80% and
was not significantly different to the control with oestrogen alone. By using a lower
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concentration of 17p-oestradiol to induce ZR-75 cell proliferation (10*10M), significant
inhibition was seen with 10'6 M tamoxifen (p<0.05) (Figure 4.2B). At lower
concentrations of tamoxifen a potentiation of the effect of 10'10M 17p-oestradiol was
seen, which was significant at 10-9 M tamoxifen (pcO.OOl).

4 .3 .3 Immunocytochemical Analysis of ER Expression by Cells and
Synovial Sections
The expression of ER was studied using an immunocytochemical assay kit from Abbott
Laboratories Ltd. (ER-ICA). ERs are detected by way of a specific rat anti-ER mAb,
H222, which is complexed to a bridging anti-rat IgG antibody and hence to a
peroxidase/anti-peroxidase complex. Finally a chromogen-substrate solution containing
hydrogen peroxide and diaminobenzidine 4 HC1 is added to allow visualisation of the
receptors. Synovial fibroblasts, PBMC, ZR-75 and Hs578T cells and sections of RA
synovial tissue were prepared and examined using the kit. The control slides supplied
for use with the ER-ICA kit gave positive reddish-brown nuclear staining of varying
intensities with the H222 antibody (Figure 4.3A (+)), compared to negative staining
obtained from incubation with the control antibody (normal rat antibody) (Figure 4.3A
(-)). Positive staining was also seen with the H222 mAb using preparations of ZR-75
cells which had been maintained in oestrogen-supplemented medium (Figure 4.3B (+)),
although slightly less intense than that obtained with cells on the control slide, whereas
ZR-75 cells which were cultured in oestrogen-depleted medium for 7 days failed to
demonstrate ERs (Figure 4.3C (+)). The relevant negative staining for ZR-75 cells,
with control antibody, is shown in Figures 4.3B and C (-). Hs578T were essentially
negative, as shown in Figure 4.3D, and incubation of PBMC from controls or RA
patients with the H222 mAb also failed to detect expression of ER. An example of the
negative results obtained are illustrated with PBMC from a female RA patient (Figure
4.3E). In addition, staining of synovial fibroblasts and RA synovium with the ER-ICA
kit gave negative results (Figures 4.3F and G, respectively). Attempts to visualise ER
using the H222 mAb by FACS analysis were unsuccessful with all cell types and
studies using a different anti-ER mAb resulted in a high level of non-specific staining,
hence this latter antibody could not be used in further experiments (results not shown).
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4 .3 .4 Preparation of Cells for FACS Analysis of ER Expression
Examination of ER expression by FACS analysis involves permeabilising the cell
membrane prior to incubating with the anti-ER mAb, as the receptor occurs
intracellularly. The saponin-permeabilisation technique did not significantly alter cell
morphology, as illustrated by the dot plots of granularity (side scatter, SSC) versus size
(forward scatter, FSC) in Figure 4.4 for ZR-75 cells (A), Hs578T cells (B), synovial
fibroblasts (C) and PBMC (D). To ensure that cells were permeabilised using this
method, PBMC were incubated with antibodies directed against two intracellular
proteins, namely centromere and topoisomerase. Figure 4.5B demonstrates that the
cells were indeed permeabilised as a result of saponin treatment as there was a
significant increase in fluorescence with the two antibodies compared to that with the
control antibody, whereas neither of the antibodies bound to non-permeabilised cells
(Figure 4.5A). Cells were routinely fixed with 1% (w/v) paraformaldehyde following
preparation for FACS analysis, prior to analysis. Figure 4.6 illustrates that PBMC
morphology, in terms of size and granularity, was not altered by this fixation method.
This applied to all cell types studied (results not shown).
Prior to the analysis of fluorescence changes as a result of labelling with specific mAbs,
cells which had been incubated with control antibody were observed, and a
homogeneous cell population selected. This was achieved by gating the area of greatest
fluorescence intensity, as shown in Figure 4.7 for ZR-75 cells (A), Hs578T cells (B),
synovial fibroblasts (C) and PBMC (D). With PBMC preparations, the aim was to
select the T cell/monocyte population and exclude any contaminating cell types, such as
PMNL. The purity of the gated cells was assessed by staining with an anti-CD3 mAb.
This demonstrated that the majority of the PBMC included within the gate were T cells
and hence stained positively with the anti-CD3 mAb (Figure 4.7D). Very few T cells
were excluded, and the non-T cell population included within the gated region was a
minority and assumed to be monocytes.

4 .3 .5 The Expression of p29 Antigen by Cells and Synovial Sections
The failure of the H222 mAb to detect ER in all but the ZR-75 cell line led to the use of
the ER-D5 mAb, which recognises a 29 kD human-specific cytoplasmic, non-hormonebinding protein associated with the ER. Cells were examined by FACS analysis
following the saponin-permeabilisation method of preparing cells, and all cell types
studied were gated as described in Section 4.3.4. Figure 4.8 illustrates histograms of
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fluorescence intensity. Saponin-permeabilised ZR-75 cells (A), Hs578T cells (B),
synovial fibroblasts (C) and PBMC (D) all stained positively with the ER-D5 mAb
(second peak), shown as a shift in fluorescence compared to that with the control
antibody (first peak). All results depict the change in fluorescence with a 1/10 dilution
of ER-D5, therefore a comparison can be made in terms of cellular expression of the
p29 antigen. In this respect, the order of expression of the p29 antigen was seen to be:
ZR-75 cells > synovial fibroblasts > Hs578T cells > PBMC. In contrast there was no
change in the basal level of fluorescence with ER-D5 mAb when cells used were nonpermeabilised. Therefore, the expression of the p29 antigen is exclusively intracellular.
The results obtained for p29 expression by FACS analysis were comparable to those
obtained by immunocytochemistry. Cells and RA synovial tissue were prepared and
stained with the ER-D5 mAb using the APAAP technique. Intense cytoplasmic staining
was seen with ZR-75 cells (Figure 4.10A (+)) and synovial fibroblasts (Figure 4.10E
(+)), with the expression of p29 greater in the former cell type. All cells tested with the
ER-D5 mAb were also incubated with a control antibody, which consistently produced
negative results (Figure 4.10 (-)). PBMC from both controls and RA patients incubated
with ER-D5 showed weak staining which appeared to be more diffuse than with ZR-75
cells or synovial fibroblasts. The staining was more intense for the female RA patient
(Figure 4.10D (+)) than for the female control (Figure 4.10C (+)) illustrated, in this
instance, although in general no trend was seen for male and female controls and RA
patients of various ages using the APAAP procedure. When synovial tissue sections
from a postmenopausal female RA patient were tested with the ER-D5 mAb, specific
areas of positive and negative staining were seen (Figure 4.1 OF (+)). There was weak,
diffuse staining of the synovial lining layer and endothelial cells appeared to be negative
for p29 expression. In contrast, there were intense areas of staining which occurred in
distinct clusters of infiltrating cells and which seemed to be cell-specific. This was
observed in sequential sections and thus was unlikely to be artefactual (results not
shown).

4 .3 .6 FACS Analysis of p29 Antigen Expression by Control and RA
PBMC
A comparison was made between p29 expression in PBMC from RA patients and ageand sex-matched normal controls. Cells were prepared for FACS analysis using ER-D5
mAb at dilutions ranging from 1/6.25 to 1/100 and the results obtained as either %
positive cells or MFI. In contrast to the results illustrated in Figure 4.10C and D
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showing APAAP staining of control and RA PBMC with the ER-D5 mAb, the
expression of p29 antigen in RA PBMC was seen to be considerably less than that with
control PBMC, at all mAb dilutions, in terms of the number of cells expressing the
antigen (% positive cells) (Figure 4.9A) or the number of antigenic sites per cell (MFI)
(Figure 4.9B). However, when comparing control and RA data using a Mann-Whitney
U Test, only the 1/100 dilution of ER-D5, when considering MFI, showed a significant
difference (p<0.05) (Figure 4.9B).

4 .3 .7 Analysis of ER mRNA Expression by Northern Blotting and RTPCR
As attempts to localise ER protein in PBMC and synovial fibroblasts were
unsuccessful, except for the demonstration of the ER-related antigen p29, experiments
were carried out to investigate ER mRNA expression. RNA was prepared from ZR-75,
T-47D and Hs578T cells and control PBMC and Northern blotted. The filter was
hybridised to an ER cDNA probe which initially failed to detect any mRNA species,
although a Southern blot constructed with ER plasmid DNA and hybridised to the ER
cDNA demonstrated that the probe was capable of hybridising to itself (Figure 4.11). A
GAPDH probe was used to ensure that the RNA had not been removed from the
surface of the Northern blot filter. Figure 4.12A demonstrates that the filter was able to
hybridise to the GAPDH cDNA and that the RNA was therefore intact. Hence, various
hybridisation techniques were tested with the Northern blot filter, and one procedure
was successful in detecting a very faint band which corresponded to the 6.2 kb
transcript for ER mRNA (see Method 4.2.3) (Figure 4.12B). The band was seen for
ZR-75 cells only. Further purification of total RNA to poly(A) RNA (ie. mRNA
enriched) did not improve the ability of the ER cDNA to hybridise (results not shown).
RT-PCR has been developed as an extremely sensitive method for detecting gene
expression at the RNA level. Oligonucleotide primers designed to frame a 287 bp
segment of human cDNA within the oestrogen-binding domain (see Method 4.2.4)
were initially tested using human ER-containing plasmid DNA, which resulted in a
PCR product of the expected size (results not shown). Therefore, RNA from ZR-75,
T-47D and Hs578T cells, synovial fibroblasts and from both control and RA PBMC
was prepared and reverse transcribed to single stranded cDNA which was then
amplified by the PCR, using this set of oligonucleotide primers. As shown in Figure
4.14A the expected 287 bp fragment was amplified from both the ZR-75 and T-47D
cell lines (lanes 1-3 and lane 6, respectively), whereas no product was amplified for the
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Hs578T cell line (lane 4). A PCR reaction with no RNA or DNA added was also
negative (results not shown). PBMC RNA reverse transcribed and amplified to give the
287 bp fragment and a slower migrating species was also detected (lane 5). ZR-75 cells
demonstrated the greatest amount of product. Synovial fibroblast RNA also showed a
287 bp fragment on amplification (Figure 4.14B). RNA from a range of premenopausal
and male controls was analysed with the results demonstrated in Figure 4.15A and B,
with the amount of the 287 bp product obtained differing between donors. PBMC RNA
from one of the female controls gave two bands (Figure 4.15A, lane 5) and with two of
the male control PBMC samples the 287 bp fragment was either undetectable (Figure
4.15B, lane 4), or present at only a very low level (Figure 4.15B, lane 3). RA PBMC
also demonstrated the RT-PCR 287 bp product (Figure 4.15C), although bands were
too faint to determine whether there were any quantitative differences in expression
between the peri- and postmenopausal female and male patients examined.
The unavailability of NBL Taq polymerase enzyme after initial RT-PCR experiments
resulted in the use of Promega and then Perkin-Elmer Taq polymerase enzymes. The
NBL enzyme was supplied with a MgCl2 -containing buffer, whereas the latter were
supplied with MgC^-free buffers. Hence MgCl2 titrations were carried out, with
concentrations ranging from 0.5 to 6.0 mM. As demonstrated in figure 4.13A and B, a
concentration of 1.5 mM MgCl2 gave optimal amplification of ZR-75 cDNA, and thus
this was used for all PCR reactions with these two enzymes. Interestingly,
concentrations of Perkin-Elmer Taq polymerase enzyme above 1.5 mM also resulted in
a second slower-migrating species (Figure 4.13B). Initial experiments used M-MLV
reverse transcriptase, but as the RNase H- Superscript reverse transcriptase enzyme
was more efficient in terms of the amount of final product achieved after PCR (Figure
4.13C), this was used for later experiments.
The 287 bp fragment amplified from ZR-75 cells was sequenced and found to be
identical to the corresponding region of the human cDNA (Greene et al., 1986) (results
not shown). An attempt was made to separate, and hence sequence, the two products
seen with certain PBMC samples using a band-stab PCR method (see Method 4.2.6).
However, this consistently resulted in one PCR product. Alternative methods of
purification were also unsuccessful and therefore the identity of the unknown PCR
product could not be assessed. Further analysis of ER mRNA expression using the RTPCR method was hindered by experimental difficulties, and attempts to quantify the
PCR and hence make direct comparisons between the level of ER mRNA expression in
different cell types were also unsuccessful (results not shown).

4 .4

SUMMARY

Results demonstrated that the ZR-75 cell line responded to 17p-oestradiol in a dosedependent manner, with an increase in proliferation. The 17a-enantiomer also
stimulated ZR-75 cell proliferation, but was approximately 100-fold less active. Neither
the T-47D orHs578T cell lines proliferated in response to 17a- or 17p-oestradiol. The
proliferative response of ZR-75 cells in response to 17p-oestradiol was inhibited with
the anti-oestrogen tamoxifen. ER was detected in ZR-75 cells at the protein and mRNA
level, whereas with T-47D cells, ER protein could not be detected although the mRNA
was present. Hs578T cells were ER-negative. ER mRNA was detected in both control
and RA PBMC and in synovial fibroblasts, but the protein was undetectable with the
assay systems employed. Using a mAb directed against an ER-related protein, p29, all
cells tested demonstrated positivity to a certain extent. When comparing PBMC from
normal controls and RA patients, the rheumatoid cells appeared to express less p29,
although this was not significant.
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Figure 4.1

The effect of oestrogen on ZR-75, Hs578T and T-47D cell
proliferation

ZR-75, Hs578T and T-47D cells were cultured with 10 13-10-7 M 17a- or 17|3oestradiol. After 72 hours incubation cells were pulsed with [3H]thymidine, harvested,
counted and proliferation assessed. Tests was performed in triplicate and the three
values (CPM) combined to give an average. The control, ie. 72 hour proliferation in the
absence of hormone, was set at 100% and results are expressed relative to this. Each
point represents the mean ± SEM of five or six separate experiments. Data was
analysed using a paired Student's T-test by comparing to the control value.
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Figure 4.2

The effect of tamoxifen on oestrogen-induced ZR-75 cell proliferation

ZR-75 cells were cultured with (A) 10’9 M 17p-oestradiol or (B) 1 0 10 M 17p-oestradiol
in the presence or absence of 10_11-10-5 M tamoxifen. After 72 hours incubation cells
were pulsed with [3H]thymidine, harvested, counted and proliferation assessed. Tests
were performed in triplicate and the three values (CPM) combined to give an average.
The negative control, ie. cells cultured in the absence of 17p-oestradiol and tamoxifen,
was set at 100%, and the positive control, ie. cells cultured in the presence of 17poestradiol alone, was set at 0%. All data was then expressed as % inhibition relative to
this. Each point represents the mean ± SEM of two or three separate experiments. Data
was analysed using a paired Student's T-test by comparing to the positive control
value.
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Detection of oestrogen receptor in cells and synovial sections

ZR-75 cells maintained in oestrogen-supplemented medium (B) or oestrogen-depleted
for 7 days (C), Hs578T cells (D), PBMC (E), synovial fibroblasts (F) and RA synovial
tissue (G) were stained with an anti-ER mAb (H222) (+) or a control antibody (-),
using an Abbott ER-ICA kit. Results were compared with those obtained with control
slides (A). (Original magnification X66 (A-F) and X33 (G)).
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The effect of saponin permeabilisation on cellular integrity

(A) ZR-75 cells, (B) Hs578T cells, (C) synovial fibroblasts and (D) PBMC were either
non-permeabilised or were saponin-permeabilised, prior to being incubated with mouse
IgG followed by an anti-mouse IgG FITC-conjugate, and cellular integrity determined
by FACS analysis. Results are expressed as dot-plots of side scatter (SSC) versus
forward scatter (FSC).
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Assessing the effectiveness of saponin permeabilisation

PBMC were either (A) non-permeabilised or (B) saponin-permeabilised prior to being
incubated with anti-topoisomerase or anti-centromere antibodies at 1/100 dilution, or
the equivalent concentration of human IgG, followed by an anti-human IgG FITCconjugate. Cells were then examined by FACS analysis. Results are expressed as
histograms of fluorescence intensity, with the first peak representing the control IgG
and the second peak representing the test antibody.
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The effect of paraformaldehyde fixation on cellular integrity

PBMC were incubated with mouse IgG followed by an anti-mouse IgG FITCconjugate and were either examined by FACS analysis immediately (A), or were fixed
with 1% (w/v) paraformaldehyde prior to analysis (B). Results are expressed as dotplots of side scatter (SSC) versus forward scatter (FSC).
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Obtaining a homogeneous cell population for FACS analysis

Cells were prepared for FACS analysis and, prior to observing fluorescence intensities
with the mAbs under examination, a homogeneous cell population was selected. This
was achieved by observing a dot-plot of side scatter (SSC) versus forward scatter
(FSC) and setting a gate which encompassed the area of greatest cellular intensity.
Results demonstrate typical homogeneous cell populations selected for (A) ZR-75 cells,
(B) Hs578T cells, (C) synovial fibroblasts. PBMC were compared after incubating
with control antibody (Neg.) or anti CD3 mAb (CD3), with the gate set for the control
antibody and the percentage of anti-CD3 positive cells occurring within the gate
observed (D).
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FACS analysis of the cellular expression of p29 antigen

(A) ZR-75 cells, (B) Hs578T cells, (C) synovial fibroblasts and (D) PBMC were either
untreated or saponin-permeabilised prior to being incubated with ER-D5 mAb at 1/10
dilution, or the equivalent concentration of mouse IgG, followed by an anti-mouse IgG
FITC-conjugate. Cells were then examined by FACS analysis. Results are expressed as
histograms of fluorescence intensity, with the first peak representing the control IgG
and the second peak representing the mAb.
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Figure 4.9

FACS analysis of p29 antigen expression in control and RA PBMC

PBMC were obtained from pre-, peri- and postmenopausal female and male RA
patients and age-and sex-matched healthy controls. Cells were saponin-permeabilised
and incubated with ER-D5 mAb at varying concentrations, or mouse IgG at a
concentration equivalent to the highest mAb dilution, followed by an anti-mouse IgG
FITC-conjugate. Cells were then examined by FACS analysis. Each dilution was
performed in duplicate and the two values obtained were combined to give an average.
Results are expressed as (A) % positive cells, relative to the control IgG which is set at
5%, or (B) mean fluorescence intensity (MFI), which has been corrected for the control
IgG. Each point is the mean ± SEM of six separate experiments. Data was analysed
using the Mann-Whitney U test by comparing values for the RA group to those for the
controls.
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Figure 4.10 Detection of p29 antigen in cells and synovial sections
ZR-75 cells (A), Hs578T cells (B), PBMC from a control (C) and an RA patient (D),
synovial fibroblasts (E) and RA synovial tissue (F) were stained with ER-D5 mAb,
directed against p29 antigen (+), or a control antibody (-), using an APAAP procedure.
(Original magnification X66 (A-E) and X33 (F)).
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Figure 4.11 Southern blot analysis of oestrogen receptor cDNA
Oestrogen receptor plasmid DNA was Southern blotted and the filter was hybridised to
cDNA obtained from the same plasmid, labelled as a probe, and autoradiographed.
Lane 1 represents XHE marker and lane 2 represents the oestrogen receptor plasmid
DNA.
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Figure 4.12 Detection of oestrogen receptor mRNA by Northern blot analysis
Total cell RNA was obtained from control PBMC (lane 1), Hs578T cells (lane 2),
ZR-75 cells (lane 3) or T-47D cells (lane 4). 10 pig RNA was loaded onto each lane and
Northern blotted. The filter was hybridised to GAPDH (A) and ER (B) cDNA probes
and autoradiographed.
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Figure 4.13 Optimisation of conditions for the RT-PCR
Total cell RNA was obtained from ZR-75 cells and (C) reverse transcribed using either
Superscript (lane 2) or M-MLV (lane 3) reverse transcriptase, then amplified in a PCR
using specific oligonucleotide primers designed from the published sequence of the
human ER cDNA to flank a region within the DNA-binding domain. Reverse
transcribed ZR-75 cell RNA was amplified with either (A) Promega or (B) PerkinElmer Taq polymerase with MgCh concentrations ranging from 0-4 mM ((A) lanes 210) or 0-6 mM ((B) lanes 2-11), using ER-specific primers. 10 j j .1of the PCR reaction
was run on each lane against Hae III digested OX-174-RF DNA marker ((A), (B) and
(C) lane 1).
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Figure 4.14 Detection of oestrogen receptor mRNA by RT-PCR
Total cell RNA was obtained from (A) ZR-75 cells (lanes 1-3), Hs578T cells (lane 4),
control PBMC (lane 5) and T-47D cells (lane 6), and from (B) synovial fibroblasts
(lanes 2 and 3). RNA was reverse transcribed then amplified in a PCR using specific
oligonucleotide primers designed from the published sequence of the human oestrogen
receptor cDNA to flank a region containing the DNA-binding domain. 10 pi of the PCR
reaction was run on each lane against Hae III digested <t>X-174-RF DNA marker ((A)
lane 7 and (B) lane 1).
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Figure 4.15 Detection of PBMC oestrogen receptor mRNA by RT-PCR
Total cell RNA was prepared from PBMC obtained from (A) premenopausal female
controls (lanes 3-5), (B) male controls (lanes 2-4) and (C) perimenopausal (lane 4) and
postmenopausal (lane 5) female and male (lane 3) RA patients. RNA was reverse
transcribed then amplified in a PCR using specific oligonucleotide primers designed
from the published sequence of the human oestrogen receptor cDNA to flank a region
containing the DNA-binding domain. ZR-75 cell RNA was included as a positive
control ((A) and (C) lane 2). 10 |il of the PCR reaction was run on each lane against
Hae III digested <DX-174-RF DNA marker ((A), (B) and (C) lane 1).

CHAPTER FIVE
SEX HORMONE MODULATION OF
INTEGRIN EXPRESSION
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5 .1

INTRODUCTION

Adhesion molecules play a crucial role in mediating interactions between cells, and also
between cells and the extracellular matrix, the integrins are one of three major families
of adhesion molecules able to function in such interactions. The integrin superfamily
exist as heterodimers, with non-covalently associated a- and p-subunits (reviewed by
Springer, 1990; Hogg, 1991; Hynes, 1992). In RA it is thought that the infiltration and
perpetuation of inflammatory cells in the joint is mediated, at least in part, by adhesion
molecules such as the integrins (reviewed by Panayi, 1993). Moreover, certain of the
receptors and their ligands have been shown to be upregulated on inflammatory cells
and endothelial cells by inflammatory mediators, such as the cytokines IL-1 and TNF
(reviewed by Pober & Cotran, 1990). This may contribute to the increase in cell
migration into the synovium and synovial fluid. The upregulation of certain of the VLA
integrins on infiltrating cells would also increase interactions with the extracellular
matrix and with other cells (reviewed by Shimizu & Shaw, 1991) and hence contribute
to the retention of these cells within the joint (see Introduction, Section 1.7).
In Chapter Four, ZR-75 cells were cultured in the presence and absence of oestrogen in
order to assess the effect on ER expression. During the period of oestrogen-depletion a
change in cellular growth and morphology was observed. Oestrogen is required to
maintain ZR-75 cell growth under normal culture conditions and has been shown to
induce proliferation of these cells (see Section 4.3.1). However, the alteration in
morphology, in terms of loss of adherence, reduced granularity and colony formation,
was unexpected. It was hypothesised that these changes, in particular the loss of
adherence, might be due to a change in the level of certain adhesion molecules. As the
VLA integrins are known to mediate cellular interactions with extracellular matrix
components such as laminin, fibronectin and collagen (reviewed by Hogg, 1991;
Hynes, 1992), the expression of these molecules, in terms of specific a- and psubunits, was assessed in cells cultured in the absence and presence of oestrogen. For
this purpose FACS analysis of cells incubated with a range of anti-integrin subunit
mAbs was carried out. Integrin expression was examined at various time points after
transferring the cells to oestrogen-depleted conditions, and also after reculturing the
cells in oestrogen-supplemented medium following a period of oestrogen-deprivation.
Adhesion molecules play a crucial role in the immune system, both in mediating
specific cellular interactions (reviewed by Springer, 1990), and in regulating the
migration of immune cells within various microenvironments (reviewed by Shimizu &
Shaw, 1991). In this respect, PBMC would be expected to express a wide range of
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adhesion molecules, including several members of the integrin family. In addition, this
spectrum of adhesion molecules would differ depending on the percentage of certain
cell types within the PBMC population, as each cell type has its own array of such
molecules which enable cell-specific interactions to occur. Therefore, apart from
investigating which integrin subunits were expressed on resting control PBMC, T cells
and monocytes were purified and incubated with the same range of mAbs, and the
spectrum of integrin subunits expressed by the two cell populations ascertained by
FACS analysis.
The observation that ZR-75 cell morphology was dependent on the presence of
oestrogen and thus that, prima facie, sex hormones may be involved in the control of
integrin expression, raised the question, was oestrogen able to differentially regulate
integrin expression by PBMC in controls and RA patients? If so, then this would have
important implications for the cellular interactions occurring in both the normal and
pathogenic state. Oestrogen has been reported to modulate integrin expression in bone
cells (Medhora et al., 1991; Chiba et al., 1992) and endothelial cells (Cid etal., 1992).
However, there are no such reports of a sex hormone effect on immune cell integrin
expression. Therefore, experiments were designed to compare basal levels of the
integrin subunits on PBMC from control and RA patients, and then to reassess the
expression of the various subunits following culture of the cells with and without
oestrogen. Results were analysed with respect to each individual subunit expressed by
the cells and its role in mediating cell-cell and cell-extracellular matrix interactions.

5 .2

METHODS

5 .2 .1 The Effect of Oestrogen-Depletion on ZR-75 Cell Morphology
ZR-75 cells were routinely cultured in RPMI supplemented with 10% (v/v) FCS and
10‘9 M 17p-oestradiol (Method 2.4.3). To assess the effect of oestrogen-depletion on
ZR-75 cell morphology, cells were transferred to phenol red-free RPMI supplemented
with 10% (v/v) CS-FCS alone, or with 10'9 M 17a-oestradiol or 10'9 M 17p-oestradiol.
Cells were cultured for up to 10 days, passaging when confluent (Method 2.4.4) but
maintaining the oestrogen-depleted or oestrogen-supplemented culture conditions.
Morphology was examined on a daily basis by phase-contrast microscopy.
To assess the recovery of ZR-75 cell morphology following oestrogen-depletion, cells
were either maintained in phenol red-free RPMI supplemented with 10% (v/v) CS-FCS
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and 10"9 M 17p-oestradiol or were cultured for 7 days in oestrogen-depleted conditions
and then transferred into oestrogen-supplemented medium and cultured for a further 7
days. Cells were examined daily by phase-contrast microscopy.

5 .2 .2 The Effect of Oestrogen-Depletion on ZR-75 Cell Integrin Subunit
Expression
Integrin subunit expression on ZR-75 cells was evaluated for cells maintained in normal
culture conditions (Method 2.7.1). ZR-75 cells were then transferred to oestrogendepleted or oestrogen-supplemented medium as described in Section 5.2.1. After 7 or
10 days, cells were harvested and incubated with antibodies directed against the integrin
subunits known to be expressed under normal culture conditions, then examined by
FACS analysis. Data were collected as % positive cells or MFI, with the latter being
converted to sites per cell (Method 2.7.3). In addition, a time course was carried out by
culturing ZR-75 cells with and without oestrogen and observing changes in integrin
expression at 1, 3 and 7 days, as before. All cells were then transferred back into
oestrogen-supplemented medium and the 'recovery' of integrin expression analysed,
again at 1,3 and 7 days. Comparisons for the time course of changes in integrin
subunit expression and 'recovery' were made as sites per cell.

5 .2 .3 Analysis of Integrin Subunit Expression by T Cells and
M onocytes
PBMC were prepared from peripheral blood of a normal female control (Method 2.4.1)
and further purified as described (Method 2.4.2) to give T cell and monocyte cell
populations. Cells obtained were analysed for their integrin subunit expression by
incubating with mAbs directed against subunits previously shown to be expressed on
resting PBMC from a normal female control, followed by incubation with an anti-IgG
FITC-conjugate. T cells and monocytes were dual labelled with anti-CD3 or anti-CD 14
R-phycoerythrin-conjugated antibodies, respectively (Method 2.7.1). Controls
consisted of cells incubated with either the anti-integrin mAbs and anti-IgG FITC
conjugate, or with the R-phycoerythrin antibodies, and a negative control was
performed by incubating with second antibody, ie. fluorochrome, only. Data were
obtained by FACS analysis by comparing the expression of FITC to that of Rphycoerythrin and hence determine the spectrum of integrin subunit expression for each
of the cell populations.

151
5 .2 .4 The Effect of Oestrogen on Control and RA PBMC Integrin
Subunit Expression
PBMC were prepared from peripheral blood obtained from male and female controls
and RA patients (Method 2.4.1) and resuspended in phenol red-free RPMI
supplemented with 10% (v/v) CS-FCS to a concentration of 1X106 cells/ml. Cells were
cultured in 10 cm2 petri dishes with either a vehicle control, consisting of ethanol at a
concentration equivalent to that of the highest hormone concentration, or 10'9 M 170oestradiol, for 48 hours. Cells were harvested by removing the supernatant and
incubating with Versene for approximately 5 minutes, 4°C, to enable collection of the
adherent cells from the surface of the petri dish. Adherent cells were combined with the
supernatants and cells pelleted by centrifuging at 1000 rpm for 5 minutes. Integrin
subunit expression was assessed by FACS analysis (Method 2.7.1), with data obtained
as % positive cells or MFI, and the latter subsequently converted to sites per cell
(Method 2.7.3).

5 .3

RESULTS

5 .3 .1 The Effect of Oestrogen on ZR-75 Cell Morphology
ZR-75 cells were transferred from their normal oestrogen-supplemented culture
conditions to an oestrogen-depleted environment and observed over a period of 10
days. The change from RPMI supplemented with 10% (v/v) FCS to phenol red-free
RPMI supplemented with 10% (v/v) CS-FCS itself did not alter cell growth and
morphology, as can be seen in Figure 5.1 by comparing ZR-75 cells under normal
culture conditions (A), to ZR-75 cells grown for 7 days in the oestrogen-depleted
medium, but with 109 M 170-oestradiol added (B). 10 9 M is the concentration of 170oestradiol routinely added to ZR-75 cell cultures to maintain cell growth, and previous
experiments have demonstrated that this produces sub-maximal cell proliferation (see
Section 4.4.1). 109 M 17a-oestradiol also maintained cell integrity over a 7 day period
(Figure 5.1C). However, when oestradiol was omitted from the culture medium for a
total of 10 days, there was an inhibition of ZR-75 cell growth and the cells were seen
to become less adherent (Figure 5. ID). In contrast to the cells maintained in oestrogensupplemented culture conditions which formed large granular colonies and rapidly
became confluent, cells grown in oestrogen-depleted medium became less granular and
less adherent, formed only small colonies or existed as single cells in suspension, and
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hence did not reach confluence. The change in morphology was gradual with a
difference noted at day 7. These changes appeared to be maximal by day 10.
A more detailed time-course demonstrated that at day 1 both cell cultures exhibited
similar morphology with cells settling after passaging (Figure 5.2A). ZR-75 cells
which were grown under oestrogen-depleted conditions showed little change in growth
or morphology at day 3 (Figure 5.2B (-)). By day 7, there was a certain degree of
colony formation, but many of the cells were non-adherent and cell growth was
noticeably reduced (Figure 5.2C (-)). In contrast, ZR-75 cells grown in phenol-red free
RPMI supplemented with 10% (v/v) CS-FCS were virtually all adherent by day 3, with
considerable cell growth and colony formation (Figure 5.2B (+)), and 7 days postpassaging the cells were virtually confluent (Figure 5.2C (+)).
To assess whether the change in ZR-75 cell growth and morphology following a 7 day
period of oestrogen-depletion was reversible, cells were transferred to phenol red-free
RPMI containing 10-9 M 17p-oestradiol, and compared to those cells which had been
maintained in the latter medium throughout. After 1 day under these culture conditions
there was little change in cell growth (Figure 5.3A (-/+)), whereas by day 3 almost all
cells were adherent and there was a significant increase in growth and colonisation
(Figure 5.3B (-/+)). The two cell populations were indistinguishable by day 7 (Figure
5.3C), with the ZR-75 cells transferred from oestrogen-depleted to oestrogensupplemented conditions having almost reached confluence.

5 .3 .2 FACS Analysis of ZR-75 Cell Integrin Subunit Expression
A possible explanation for the alteration in ZR-75 cell morphology and the loss of
adherence, as a result of oestrogen-depletion, was that the culture conditions
determined integrin subunit expression by the cells. Therefore, ZR-75 cells were
screened with a range of anti-integrin subunit antibodies, to determine which subunits
were being expressed by the cells maintained under normal culture conditions, prior to
investigating whether this expression was altered during oestrogen-deprivation. Cells
were examined by FACS analysis, first selecting a homogeneous cell population (see
Section 4.4.4), and the fluorescence obtained with the specific mAbs then compared to
that of the control antibody. This illustrated that the subunits a2, a3, a6 and pi were
constitutively expressed on ZR-75 cells, whereas staining for a l, a4, a5 and aV
subunits was negative (Figure 5.4). Titrations were made with each of the positively
staining mAbs, to give saturating concentrations for use in subsequent experiments
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(Figure 5.5). A 1/100 dilution was seen to give saturation of binding sites for each of
the mAbs (Figure 5.5A-D).

5 .3 .3 The Effect of Oestrogen on ZR-75 Cell Integrin Subunit
Expression
ZR-75 cells were cultured for 7 or 10 days in phenol red-free RPMI supplemented with
10% (v/v) CS-FCS alone, or with the addition of 10*9 M 17p-oestradiol. Integrin
subunit expression was assessed for the two cell populations, as described above
(Section 5.3.2). Results obtained for the oestrogen-depleted cells were expressed as a
percentage of those for the cells maintained in the presence of 109 M 17p-oestradiol. As
shown in Figure 5.6, depriving the cells of oestrogen resulted in a significant
downregulation of a6 expression (p<0.001). In contrast, the expression of a2, a3 and
pi was unaltered. The downregulation occurred in terms of the number of ZR-75 cells
expressing a6 (% positive cells) (Figure 5.6A) and the number of ot6 sites per cell
(Figure 5.6B). However, the maximal suppression in terms of % positive cells
occurred at day 10, with levels reduced to 30% control (ie. 70% inhibition), compared
to only 60% inhibition at day 7. In contrast, the depression of a6 sites per cell was
maximal by day 7, with 75% inhibition of control levels, and this degree of inhibition
was unchanged at day 10.
Further examination of the downregulation of ZR-75 cell a6 sites per cell in oestrogendepleted culture conditions revealed that after only 1 day in culture without oestrogen
there was a 30% inhibition, which was increased to 50% by day 3 and was maximal by
day 7 at 60% (Figure 5.7A). After 7 days, the ZR-75 cells were transferred back to
oestrogen-supplemented medium to assess the 'recovery' of a6, in terms of number of
sites per cell of this integrin subunit. Figure 5.7B demonstrates that a6 expression
returns to the normal level, ie. that seen for ZR-75 cells which had been maintained in
medium supplemented with 109 M 17p-oestradiol, with the recovery being complete by
day 7, although a certain degree of upregulation of a6 was seen at days 1 and 3.
Preliminary data obtained suggested that incubation of ZR-75 cells with 10'10M 17poestradiol and 106M tamoxifen also resulted in downregulation of a6 expression,
further indicating that the modulation of integrin expression was a direct result of
oestrogen deprivation (results not shown).
The Hs578T cell line are ER-negative and hence oestrogen unresponsive. It was
hypothesised that a6 expression may be constitutively lower in these cells, and
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therefore a comparison was made between the ZR-75 and Hs578T cell lines, in terms
of basal integrin expression. The results presented in Table 5.1 demonstrate that the
Hs578T cell line has a different pattern of integrin expression, with all subunits tested
shown to be positive. Whereas the expression of the a3 and pi subunits was very
similar between the two cell types, expression of a l and a6 was considerably lower in
the Hs578T cells.

Expression (sites per cell)

Integrin
subunit

ZR-75 (n=6)

Hs578T (n=2)

al

Negative

40921 (5590)

a2

376968 (78067)

17478 (862)

a3

205339 (36793)

207406 (32409)

a4

Negative

37894 (1100)

a5

Negative

17190 (2606)

a6

88355 (17391)

31688 (6480)

aV

Negative

N.D.

PI

596103 (98571)

475662 (51427)

Table 5.1

ZR-75 cell and Hs578T cell basal integrin subunit expression

ZR-75 and Hs578T cells were incubated with a range of antibodies directed against
integrin subunits, diluted 1/50, or with an appropriate dilution of control antibody,
followed by an anti-IgG FITC conjugate. Cells were examined by FACS analysis, with
the data obtained as MFI which was subsequently converted to sites per cell. Results
tabulated represent the means (SEM) of two or six separate experiments.
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5 .3 .4 FACS Analysis of Control and RA PBMC Integrin Subunit
Expression
Following the observations with ZR-75 cell integrin expression in the presence and
absence of oestrogen, the effect of oestrogen on PBMC integrin subunit expression
was examined, using PBMC from normal male and female controls and RA patients.
As with the ZR-75 cells, initial experiments were performed to determine the integrin
subunits expressed on resting cells, for which control PBMC were employed. This
revealed significant expression of the subunits a4, a6, ocL, aM, pi and p2, whereas a2
and a3 were detectable at only very low levels and the staining for a l, a5 and p3 was
essentially negative (Figure 5.8). Therefore, the former six were chosen for subsequent
investigations. MAb titrations demonstrated that a 1/50 dilution of the antibodies was
sufficient to produce saturation of binding sites (Figure 5.9).
In an attempt to gain more information as to the integrin subunit expression of specific
cell types within the PBMC population, T cells and monocytes were negatively selected
following incubation with specific antibodies directed against either monocytes and B
cells, or T and B cells, respectively. Each cell population was then dual-labelled with
the anti-integrin subunit mAbs described above and an antibody directed against the cell
population of interest. Results were analysed as the percentage of cells expressing both
fluorochromes compared to the percentage of cells expressing either FITC or Rphycoerythrin. Gates were initially set on the negative control which consisted of cells
incubated with fluorochrome alone. T cells were shown to express all integrin subunits
present on PBMC. The p2 and aL subunits were present on approximately 70-80% of
T cells, pi, a4 and aM on approximately 50%, 40% and 25% cells, respectively, and
a6 on only 10% of all T cells (Figure 5.10A). In contrast, p2 and aM subunits were
detected on 75-85% of monocytes, with the expression of pi and aL being 60-70% and
the levels of the subunits a4 and a6 were negligible (Figure 5.10B).

5 .3 .5 The Effect of Oestrogen on Control and RA PBMC Integrin
Subunit Expression
Prior to assessing whether control and RA PBMC respond differently to oestrogen, in
terms of patterns of integrin expression, basal levels of a4, a6, aL, aM, pi and p2
subunits were compared on control and RA PBMC. In addition, an anti-a5 mAb was
included as there is some indication that the a4 and a5 integrins may be important in T
cell accumulation within the joint in RA, via binding to fibronectin (Garcia-Vicuna et
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a l 1992; Rodriguez e ta l, 1992). Although in initial experiments screening PBMC for
a range of integrin subunits, a5 was not expressed (Figure 5.8), the later studies
showed that although the number of a5 binding sites per cell is low (Figure 5.1 IB),
there are a significant number of positively staining cells (Figure 5.11 A). When
comparing control and RA cells, the pi subunit was seen to be significantly lower on
RA PBMC (P<0.05), in terms of % positive cells or sites per cell (Figure 5.11A and
B), and the otL subunit was also lower on RA PBMC, but this was only significant
when considering sites per cell (p<0.05) (Figure 5.1 IB). With the exception of the
number of a6 sites per cell, all integrin subunits were constitutively lower on RA than
control PBMC. The variable number of experiments included in Figure 5.11 was due to
exclusion of the anti- a5 mAb in earlier experiments and the failure of a4 and otL
antibodies to bind to cells in one particular experiment.
To evaluate the effect of oestrogen treatment on control and RA PBMC integrin
expression, cells were cultured for 48 hours with or without 10*9M 17p-oestradiol.
Cells were then examined for expression of the integrin subunits shown to be present
on resting control PBMC (see Section 5.3.4). For ZR-75 cells, the oestrogen-depleted
population were considered to be the treatment group and the integrin expression of
these cells was compared to that of the cells maintained in medium supplemented with
109M 17p-oestradiol. However, as it was the effect of oestrogen on PBMC integrin
expression which was under observation, results with the oestrogen-treated group were
compared to those of the oestrogen-depleted group. Preliminary results obtained by
comparing integrin expression on resting PBMC to the expression following 48 hours
of culture suggested that oc4, pi and ctL expression was increased on culturing cells,
whereas aM expression was reduced slightly and a6 and p2 remained unchanged
(results not shown). Figure 5.12 illustrates that integrin expression was essentially
unchanged in the PBMC cultured with 109M 17p-oestradiol, compared to cells cultured
in medium alone. The aM subunit appeared to be significantly higher on RA than
normal PBMC following oestrogen treatment (p<0.05) (Figure 5.12B). However, the
low number of experiments included make these results somewhat tenuous.

5 .4

SUMMARY

Results demonstrated that ZR-75 cells cultured under oestrogen-depleted conditions
became less adherent, with a general reduction in cell growth and colony formation
observed. This was reversible following reculture in oestrogen-supplemented medium.
Changes in morphology were associated with a significant inhibition of a6 subunit
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expression by ZR-75 cells, whereas the levels of the other subunits constitutively
expressed remained unchanged. The subsequent reculturing of the cells in the presence
of oestrogen was sufficient to cause the upregulation of a6 expression to levels
comparable with those seen under normal culture conditions. PBMC expressed a
different spectrum of integrin subunits to ZR-75 cells, and within the PBMC
population, T cells and monocytes also differed in terms of levels of these subunits.
Examination of the basal levels of the subunits on resting PBMC from normal controls
and RA patients revealed a slight suppression in RA patients. However, oestrogen had
no effect on the integrin expression of control or RA PBMC.
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Figure 5.1 The effect of oestrogen on ZR-75 cell morphology
ZR-75 cells were cultured for 7 days in (A) RPMI supplemented with 10% FCS and
10*9 M 17p-oestradiol, or phenol-red free RPMI supplemented with 10% CS-FCS and
10"9 M 17p-oestradiol (B) or 10*9 M 17a-oestradiol (C), or in the absence of oestrogen
(D). Cell morphology was observed by phase-contrast microscopy.
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Figure 5.2

Time-course for modulation of ZR-75 cell morphology

ZR-75 cells were transferred from RPMI supplemented with 10% FCS and 10*9 M 170oestradiol to phenol-red free RPMI supplemented with 10% CS-FCS and were cultured
for (A) 1 day, (B) 3 days or (C) 7 days in the presence (+) or absence (-) of 10'9 M
170-oestradiol. Cell morphology was observed by phase-contrast microscopy.
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Figure 5.3 Recovery of ZR-75 cell morphology
ZR-75 cells were either maintained in phenol red-free RPMI supplemented with 10%
CS-FCS and 10*9 M 17p-oestradiol (+/+), or were cultured for 7 days in oestrogendepleted medium and then transferred to medium containing 10'9 M 17p-oestradiol (-/+)
for (A) 1 day, (B) 3 days or (C) 7 days. Cell morphology was observed by phasecontrast microscopy.
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Figure 5.4 FACS analysis of ZR-75 cell integrin subunit expression
ZR-75 cells were incubated with mAbs directed against integrin subunits, all of which
were diluted 1/50 except for the anti-aV mAb which was used neat, or with control IgG
diluted to the appropriate concentration. Cells were then incubated with an anti-IgG
FITC-conjugate and examined by FACS analysis. Results are expressed as histograms
of fluorescence intensity.
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Figure 5.5 Titration o f anti-integrin antibody binding to ZR-75 cells
ZR-75 cells were incubated with mAbs directed against the integrin subunits (A) al,
(B) a3, (C) a6 or (D) p i, or with control IgG diluted to the same concentrations. Cells
were then incubated with an anti-IgG FITC conjugate and examined by FACS analysis.
Results are expressed as mean fluorescence intensity (MFI) and plotted as a titration
curve.
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Figure 5.6 Oestrogen modulation o f ZR-75 cell integrin subunit expression
ZR-75 cells were cultured in phenol red-free RPMI supplemented with 10% (v/v) CSFCS in the presence or absence o f 10*9 M 17p-oestradiol. After 7 or 10 days, cells were
harvested and incubated with anti-a2, -a3, -a6 or -pi m Abs at saturating
concentrations, or with control IgG diluted to the same concentration. Cells were then
incubated with an anti-IgG FITC-conjugate and examined by FACS analysis. Data was
obtained as % positive cells relative to the control IgG which was set at 5% (A), or
mean fluorescence intensity which was converted to sites per cell (B). Antibody
dilutions was performed in triplicate and data obtained was combined to give an average
value. Results are expressed as % control, ie. integrin expression o f ZR-75 cells
cultured in the presence o f oestrogen. Each histogram represents the mean ± SEM of
five or six separate experiments. Data is analysed using a paired Student's T-test by
comparing with the control values.
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Figure 5.7

Time-course for downregulation and recovery of ZR-75 cell a 6
expression

ZR-75 cells were either used directly or cultured in phenol red-free RPMI supplemented
with 10% (v/v) CS-FCS in the presence or absence of 17p-oestradiol. Cells were
analysed at 1, 3 and 7 days for a 6 expression by incubating with a saturating
concentration of the mAb or control IgG diluted to the same concentration, followed by
incubation with an anti-IgG FITC-conjugate (A). Alternatively, cells were either
maintained in medium containing 10'9 M 17p-oestradiol or were oestrogen-depleted for
7 days then transferred to oestrogen-supplemented medium for a further 1, 3 or 7 days
and a 6 expression analysed as described above (B). Cells were examined by FACS
analysis. Data was obtained as mean fluorescence intensity which was convened to
sites per cell. Antibody dilutions was performed in triplicate and data obtained was
combined to give an average value. Results are expressed as % control, ie. integrin
expression of ZR-75 cells cultured in the presence of oestrogen. Each histogram
represents a single experiment.
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Figure 5.8 FACS analysis of PBMC integrin subunit expression
PBMC were obtained from a normal, healthy female volunteer and incubated with
mAbs directed against integrin subunits, all of which were diluted 1/50, or with control
IgG diluted to the appropriate concentration. Cells were then incubated with an anti-IgG
FITC-conjugate and examined by FACS analysis. Results are expressed as histograms
of fluorescence intensity.
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Figure 5.9 Titration of anti-integrin antibody binding to PBMC
PBMC were obtained from a normal, healthy female volunteer and incubated with
mAbs directed against the integrin subunits (A) a4, (B) a 6, (C) aL, (D) aM, (E) pi or
(F) p2, or with control IgG diluted to the same concentrations. Cells were then
incubated with an anti-IgG FITC conjugate and examined by FACS analysis. Results
are expressed as mean fluorescence intensity (MFI) and plotted as a titration curve.
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Figure 5.10 PBM C separation and dual labelling for integrin subunit expression
PBMC were obtained from a normal, healthy female volunteer and were further
separated into T cells and monocytes. T cells and monocytes were incubated with antia4, -a6, -aL, -aM , -p i or -p2 mAbs and either anti-CD3 (A) or anti-CD 14 (B) Rphycoerythrin-conjugated mAbs, respectively. Cells were then incubated with an antiIgG FITC-conjugate and analysed by FACS analysis. Results are expressed as contour
plots o f R-phycoerythrin fluorescence versus FITC fluorescence, with the number o f
cells in each quadrant entered as a percentage o f total cells.
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Figure 5.11 Basal integrin subunit expression on control and RA PBM C
PBMC were obtained from one pre-, one peri- and one postmenopausal female and two
male RA patients and from age- and sex-matched normal controls. Cells were incubated
with anti-a4, -cx5, -a6, -aL, -aM , -pi and -p2 mAbs at saturating concentrations, or
control IgG diluted to the same concentration, followed by an anti-IgG FITC conjugate.
Cells were then examined by FACS analysis. Data was obtained as mean fluorescence
intensity which was converted to sites per cell, or % positive cells relative to the control
IgG which was set at 5%. Antibody dilutions was performed in triplicate and data
obtained was combined to give an average value. Results from are expressed mean ±
SEM % positive cells (A) or sites per cell (B). Each histogram represents five separate
experiments, unless otherwise stated. Data is analysed using an unpaired Student's Ttest by comparing control and RA values.
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Figure 5.12 Oestrogen modulation of control and RA PBMC integrin subunit
expression
PBMC were obtained from one pre-, one peri- and one postmenopausal female and two
male RA patients and from age- and sex-matched normal controls and cultured in
phenol red-free RPMI supplemented with 10% (v/v) CS-FCS, in the absence or
presence of 109M 17p-oestradiol. After 48 hours, cells were incubated with anti-a4,a 6, -aL, -aM, -pi and -p2 mAbs at saturating concentrations, or control IgG diluted to
the same concentration, followed by an anti-IgG FITC conjugate. Cells were then
examined by FACS analysis. Data was obtained as % positive cells relative to the
control IgG which was set at 5% (A), or mean fluorescence intensity which was
converted to sites per cell (B). Antibody dilutions were performed in triplicate and data
obtained was combined to give an average value. Results are expressed as % control,
ie. cells cultured in the absence of oestrogen. Each histogram represents two or three
separate experiments. Data is analysed using a paired Student's T-test by comparing to
the control values.

CHAPTER SIX
DISCUSSION

There is much evidence to date which supports a role for the sex hormones in immune
regulation. Females exhibit an enhanced capacity to mediate both humoral immunity,
seen in terms of increased antibody production and resistance to infections, and cellmediated immunity, in terms of increased skin-graft or tumour rejection capacity and
relative resistance to tolerance (reviewed by Grossman, 1984; Lahita, 1990). There is
also a female preponderance in many autoimmune conditions, including RA and SLE.
Animal data provides additional evidence for sex hormone modulation of the immune
system in that the incidence of certain autoimmune diseases is sex-linked and can be
altered by gonadectomy and hormone replacement (reviewed by Grossman, 1984;
Ansar Ahmed & Talal, 1990).
When considering situations of altered hormonal balance, such as pregnancy and the
menopause, different effects on the autoimmune conditions RA and SLE are seen, in
that a remission can occur during pregnancy in RA but symptoms are often exacerbated
in SLE (see Introduction, Sections 1.3 and 1.4). The onset of RA has been linked to
the menopause (McHugh, 1990), whereas susceptibility to SLE is greatest during
child-bearing age (reviewed by Lahita, 1985). This has been simplified to sex
hormones having differing effects on T cells and B cells, with RA considered a T cellmediated disease and SLE mediated by B cell hyperactivity. In this hypothetical scheme
of events, elevated sex hormone levels, or fluctuations in levels, would potentiate B cell
activity and hence trigger or perpetuate SLE. In contrast, loss of the sex hormones, or a
sudden fall in levels, modulates T cell functioning in such a way that the onset or
worsening of RA occurs. In addition, animal data suggest that oestrogen is beneficial in
models of arthritis, whereas this hormone is detrimental in models of SLE and
androgens are beneficial. However, the vast array of potential contributory sex
hormones, releasing hormones and metabolites, and the complexities of the immune
system mean that this hypothesis is likely to be a gross oversimplification of in vivo
interactions.
When studying the effects of individual hormones in in vitro assays of immunity, using
mixed cell populations or specific cell types, the results are often contradictory and it is
difficult to extrapolate findings to the in vivo situation. The immune system would
appear to be central to the pathogenesis of RA, therefore any studies of sex hormone
effects in this disease are directed to looking at hormonal modulation of immune
function. The aim of this project was to investigate the role of sex hormones, in
particular oestrogen, on in vitro models of immune cell activity, considered to be
directly relevant to cellular events occurring in RA.
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6 .1

SEX HORMONE MODULATION OF CYTOKINE EXPRESSION

In RA, immune cells infiltrate the joint and release factors such as cytokines which have
the potential to mediate many of the changes which occur within the joint in this
disease. In particular, IL-1 and TNF-a have the capacity to be at least partly responsible
for the destruction of the joint architecture, to initiate inflammatory reactions and
systemic effects, as well as perpetuating the disease by increasing the production of one
another, other cytokines such as 11^6, and the expression of various adhesion
molecules (see Introduction, Sections 1.7 and 1.8).
To investigate the effect of 17p-oestradiol and testosterone on PBMC cytokine
production, concentrations of 10_8-10'12 M were employed, which encompasses the
natural range of endogenous hormone levels. Plasma testosterone, ie. free and bound,
is approximately 22X10-9 M and oestrogen levels in women peak at around 2X10'9 M
during the menstrual cycle and reach 1X10-7 M during pregnancy. Results of studies in
Chapter Three failed to demonstrate an effect with either of these sex hormones on the
release of IL-6 or TNF from PBMC obtained from normal, healthy controls, although
LPS was still able to induce significant release of the two cytokines, illustrating that the
cells were responsive in culture. In contrast, Ralston et al. (1990) reported a dosedependent inhibition of PBMC TNF release with concentrations of 17p-oestradiol from
10-6 to 10'12 M. However, this was only shown for postmenopausal women and no
consistent effect was found with either premenopausal females or males, whereas the
negative findings reported here were obtained using pre- or perimenopausal female and
male controls. Testosterone was found to be inactive in all groups tested. It was also
shown that an anti-TNF-a mAb could neutralise the TNF released by the PBMC,
indicating that this protein was responsible for the cytotoxic activity measured in the
bioassay (Ralston et aL, 1990).
The postmenopausal females included in experiments by Ralston's group were
suffering from osteoporosis. In their ex vivo studies, Pacifici et aL (1989)
demonstrated that 11^1 release by circulating monocytes from osteoporotic
postmenopausal females was significantly reduced following ovarian steroid therapy.
Levels of II^l were constitutively high in this group and it is possible that oestrogen is
only active where such an abnormal production of 11^1 occurs (Stock et aL, 1989).
Nevertheless, there have also been reports that 17p-oestradiol can modulate IL-1 release
from cultured blood cells where there is no underlying abnormality. Using peripheral
blood monocytes Polan et al. (1988) found that low concentrations (10*9-10'10 M) of
17p-oestradiol were stimulatory and high concentrations (10*7 M) inhibitory.
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As stated, both IL-1 and TNF can induce IL-6 release, and it has been suggested that
IL-6 may mediate or amplify the effects of the former two cytokines. In bone cells,
physiological concentrations of both 17p-oestradiol (Girasole et al., 1992; Rifas et al.,
1992) and testosterone (Girasole et al., 1992) inhibited IL-1- and TNF-induced IL-6
secretion. However, no effect was seen in terms of basal IL-6 production with PBMC.
It is possible that the sex hormones are only active in inhibiting cytokine-induced IL-6
production in PBMC, in the same way that bone cell induced IL-6 release was
suppressed and only abnormally high IL-1 levels appeared to be affected. However,
this possibility has yet to be explored.
The measurement of cytokine expression by bioassay is fraught with difficulties. For
example, the bioassay is unlikely to be entirely specific for the cytokine of interest and
may be influenced by others present. In addition, cell supernatants contain inhibitory
factors which neutralise cytokine activity, hence the supernatant samples have to be
diluted considerably before any activity can be measured. Loss of biological activity
through long-term storage of samples, or repeated freeze-thawing is also likely to bias
results. Because of these problems, mRNA levels were studied as a more accurate
predictor of cytokine expression. However, mRNA transcripts are not always
translated to protein, and therefore changes in expression at the transcriptional level are
not necessarily reflective of post-transcriptional modifications.
The initial results suggested that 10'9 M 17p-oestradiol may upregulate TGF-p mRNA
expression in control PBMC. This effect was only demonstrated in the absence of
serum, as serum contains growth factors, including TGF-p, which are known to
increase TGF-p expression and hence mask any additional upregulatory hormonal
effect. However, these data could not be normalised, and subsequent experiments
which were carried out showed the same pattern of expression for the cytokine and the
house-keeping gene, p-actin, illustrating that any variation in expression seen was due
to loading inaccuracies rather than an effect of oestrogen per se. Filters were probed for
mRNA encoding IL-lp, TNF-a, IL-6 and prolactin as well as TGF-p, and both control
and RA PBMC were included, using pre-, peri- and postmenopausal females and
males, with no difference in cytokine expression seen.
Polan et al. (1989) demonstrated that 17p-oestradiol increased IL-lp mRNA levels in
LPS-stimulated human peripheral blood monocytes to a maximum at a concentration of
10-9 M. At concentrations above this a reduction was seen. The effect of oestrogen on
LPS-induced cytokine mRNA expression was not examined here. Treatment of PBMC
with 1 pg/ml LPS for 6 hours increased TNF-a and IL-6 mRNA expression, but no
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effect was seen for IL-lp. The reason for this is unclear, but may have been due to an
inadequate concentration of LPS being employed, or too long a period of incubation, as
the effect is transient. Alternatively, the presence of TGF-p 1 in the cell cultures may
have inhibited any LPS-induced effect on IL-1 mRNA expression, as both IL-1 and
TNF have been reported to be inhibited in the presence of LPS and TGF-p 1 in human
PBMC (Turner et al., 1990). However, TNF mRNA expression was enhanced in the
presence of LPS where IL-1 levels remained unchanged, therefore this is unlikely to
explain the findings here. Polan et al. (1989) utilised 10 pg/ml LPS and measured a
maximal stimulation at 3 hours, although with this concentration of LPS the effect as
still evident at 24 hours. However, 10 pg/ml is an excessive dose of LPS to employ,
and such a high concentration could modulate cell function non-specifically. In such an
artificial situation one cannot draw any conclusions from the effects of 17p-oestradiol
reported.
In human osteoblast-like cells 17p-oestradiol has been shown to increase TGF-p mRNA
expression (Oursler et al., 1991), although this was not always seen with lower
concentrations, and it has been suggested that the effect of oestrogen on these cells is at
the post-transcriptional level (Keeting et al., 1989). In contrast, Girasole et al. (1992)
found an inhibition of IL-1- and TNF-a-induced IL-6 mRNA expression with 17poestradiol using rodent and human osteoblastic cells and bone marrow-derived stromal
cells. This could reflect an inhibition of the IL-6 promoter activity (Pottratz et al.,
1992). There are no reports of such an effect with oestrogen on peripheral blood cell
TGF-p or IL-6 expression, at the mRNA or protein level.
Prolactin has been reported to be involved in the control of immune function and also in
autoimmunity (reviewed by Jara et al., 1991), and cells of the immune system both
express prolactin receptors (Russell et al., 1984a) and produce a prolactin-like
substance (Montgomery et al., 1987). Oestrogens are important physiological
regulators of prolactin secretion, thought to be via a direct effect on the pituitary in the
case of 17p-oestradiol (Franks, 1983). Treatment of rat anterior pituitary lobes with
oestrogen in vivo caused a three- to four-fold increase in prolactin mRNA expression
(Martinez-Campos et al., 1991). Therefore, filters were hybridised to a prolactin cDNA
probe to investigate the effect of oestrogen on the expression of this hormone in
immune cells. Results showed that PBMC express prolactin mRNA, confirming the
results of Hiestand et al. (1986) demonstrating that rat lymphocyte RNA hybridised to a
prolactin-specific probe. However, as stated, no effect was seen with 17p-oestradiol on
control or RA PBMC prolactin mRNA expression.
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The observation that the pattern of cytokine expression following oestrogen treatment
was consistently the same as that for the house-keeping gene p-actin, posed the
question was p-actin itself being modulated by this sex hormone. Indeed, it has been
reported that the p- and y-cytoskeletal actins as well as the smooth muscle actin could be
induced in rat uterus by treatment with oestradiol (Hsu & Frankel, 1987), although this
was only a transient induction, up to two-fold, and the effect was measured in vivo.
Nevertheless, to ensure that oestrogen modulation of p-actin was not occurring in
experiments performed with PBMC, filters were hybridised to a GAPDH cDNA probe.
GAPDH has been shown to be transcribed at the same rate in all tissues and therefore
regulated post-transcriptionally (Piechaczyk et al., 1984). Results showed the same
pattern of mRNA expression for GAPDH as for p-actin and all cytokines examined,
thus it was concluded that there was no effect of oestrogen throughout. LPSstimulation of the cells demonstrated that culturing in serum-free medium did not affect
cell activity, and in addition, cells were shown to respond normally to ConA under
these culture conditions (results not shown). Therefore it can be concluded that
oestrogen has no effect on the expression of any of the cytokines tested here, at the
transcriptional level, in circulating mononuclear cells.
The anterior pituitary hormone, FSH, controls oestrogen secretion, and oestrogen in
turn can regulate the level of FSH via feedback pathways. It was hypothesised that
effects thought to be due to oestrogen may in fact be due to FSH. For example,
elevations measured in oestrogen could be a result of a rise in FSH, and the
administration of oestrogen may be acting indirectly through modulation of this second
hormone. Therefore, the effect of FSH was studied on control PBMC cytokine mRNA
expression. The results obtained however were the same as those for oestrogen, with
no effect on any of the cytokines tested. At a higher level still, LHRH from the
hypothalamus is responsible for controlling the pituitary secretion of both LH and
FSH, which in turn regulate sex hormone levels in vivo. Rat lymphocytes have been
reported to contain immunoreactive LHRH which appeared to be bioactive in that it
could induce the secretion of LH from rat anterior pituitary cells (Emanuele et al.,
1990), and it has been hypothesised that this may be involved in lymphocyte activation
and general immune function (Morale et al., 1991), for example by increasing IL-2
receptor expression (Batticane et al., 1991). The role of this hormone in assays of
human PBMC cytokine expression has not been studied but it may prove to be
important in the sex hormone/immune system story in the future.
In addition to studying PBMC cytokine expression in the presence of sex hormones,
PBMC proliferation was examined as another parameter of immune cell function.
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Previous results showed that the proliferative response to PHA was reduced in RA
patients compared to healthy controls, whereas the response to an anti-CD3 mAb was
more variable, in that proliferation was increased in patients with mild or moderate
disease and depressed in patients with severe disease (van den Brink et al., 1992). The
results demonstrated here showed little difference between the controls and RA patients
in terms of their response to PHA, but the response to anti-CD3 mAb was reduced in
several patients, although the overall mean response was not significantly different to
that of the controls. It has been reported that T cell responses are dampened down in
RA, with T cell-derived cytokines being undetectable at the protein level in the synovial
fluid and synovium (reviewed by Brennan et al., 1991), reduced IL-2 production in
response to PHA (Combe et al., 1985) and depressed responses in cell-mediated
immune reactions (Emery et al., 1984). The latter abnormality could be reversed by the
addition of IL-2 (Emery et al., 1984). In these experiments IL-2 was able to potentiate
the response to anti-CD3 mAb in certain RA patients, but in others the response to antiCD3 mAb and EL-2 was as low as with anti-CD3 mAb alone. These responses were
thought to correlate with disease activity as there was no correlation between
proliferation and sex or age. In the experiments reported in this thesis, neither
oestrogen or testosterone had any effect on the response to any of the stimuli tested,
van den Brink et al. (1992) also failed to demonstrate an effect with these two
hormones.
FSH and LH have been found to increase the proliferation of peripheral blood
lymphocytes (Costa et al., 1990). The effect was greater in elderly (59-90 years) than
young (30-40 years) females, and there was a negative correlation between the effect of
FSH and the plasma level of 17p-oestradiol alone, or both 17p-oestradiol and
progesterone, in the younger subjects. Preliminary data using PBMC from
premenopausal female controls failed to demonstrate any effect of FSH, at comparable
concentrations to those used by Costa et al. (1990) (results not shown). According to
the previous findings, this may relate to higher plasma oestrogen levels.

6 .2

OESTROGEN RECEPTOR

The negative results obtained, in terms of an effect of oestrogen on cytokine production
or proliferation by PBMC, were supported by further investigation into the activity of
the 17p-oestradiol utilised and the presence of ER on PBMC. Cell lines which were
reported to be either ER-positive and hence oestrogen-responsive (ZR-75 and T-47D
cells), or ER-negative and therefore unresponsive to oestrogen (Hs578T cells), were
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employed as a means of studying the efficacy of the batch of oestrogen used for
previous experiments and also as positive and negative controls in studies of ER
expression.
ZR-75 cells were shown to proliferate in response to 17p-oestradiol, demonstrating that
the negative results obtained were not due to an inactivity of the oestrogen employed.
However, the reportedly ER-positive cell line, T-47D, was unresponsive, with results
identical to those seen with the ER-negative cell line, Hs578T. Details of an ER/PRnegative T-47D clone, obtained by maintaining the cells for one year in oestrogen-free
medium, have been described (Murphy et al., 1990). This clone was refractory to both
oestrogen and anti-oestrogen treatment,whereas another clone has been described
which is oestrogen-insensitive but still retains ER expression (Dabre & Daly, 1990).
Therefore it is possible that the T-47D cells used in these experiments, which were
present in-house, may have been subjected to culture conditions previously which
resulted in the loss of oestrogen responsiveness. As will be described, the cells were
shown to express ER mRNA, although ER protein was not detectable.
The response of the ZR-75 cell line to 17p-oestradiol was inhibited by the antioestrogen, tamoxifen, illustrating that this was a specific oestrogen effect. When
10‘9 M 17p-oestradiol was used to induce proliferation tamoxifen had a purely
antagonistic effect. However, when a concentration of 10-10 M was employed, only
concentrations of tamoxifen above 10-7 M were inhibitory, whereas lower
concentrations potentiated the oestrogen effect. Tamoxifen is known to behave as a
partial agonist which would explain this finding.
The ability of a cell to respond to a given ligand is governed by the degree of
expression of the specific receptor. Receptors for the sex hormones are commonly
present in very low amounts, although in some cells as few as 10000-80000 ER sites
per cell is sufficient to mediate a response (Katzenellenbogen et al., 1987). By
constructing transfectants expressing varying levels of ER, Webb et al. (1992)
concluded that below 500000 sites per cell the response was limited, in terms of the
number of EREs bound by ER, whereas at higher ER titres spare receptors existed and
’squelching' occurred, whereby the availability of a molecule essential for receptor
functioning became limited. These findings demonstrated that under normal conditions
there is relatively little occupation of EREs, suggesting that occupancy of responsive
elements is not the only parameter controlling the cellular capacity to mediate an
oestrogen response.
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Previous studies into the presence of ER in the immune system have been carried out
using radiolabelled ligand-binding assays. Binding assays require the presence of
unoccupied receptor, therefore the low levels of ER reported may be partly due to the
inability to detect ER with bound oestrogen, or to the presence of other steroid binding
factors, such as SHBG, which would also cause an underestimation of the actual
amount of receptor present. A more direct method of measuring receptor expression is
by use of specific mAbs. Using the H222 mAb, directed against the ER, in an
immunocytochemical assay system, ER protein was detected in ZR-75 cells but not in
T-47D cells, Hs578T cells, PBMC, synovial fibroblasts or rheumatoid synovial tissue.
ZR-75 cells maintained under normal culture conditions demonstrated a similar degree
of ER expression to that achieved with the MCF-7 cell line which was used to prepare
control slides for use with the detection kit. The nuclear staining seen was unevenly
distributed across the cell population. When ZR-75 cells were cultured in the absence of
oestrogen, ER expression could not be demonstrated. One possible explanation for this
is that ligand-binding is required for tight nuclear association of the receptor prior to
detecting with anti-ER mAbs. Therefore, the failure to detect ER in this situation is not
necessarily indicative of a functional downregulation in receptor expression, although a
reduction in ER under conditions of oestrogen-deprivation cannot be totally excluded.
The failure of the H222 mAb to detect ER on any cells except known ER-positive
breast carcinoma cell lines reflects the limitation of immunocytochemical analysis where
receptor levels are constitutively low. The ER-D5 mAb was employed as an alternative,
as it has been reported to be a far more sensitive indicator of ER expression. This
antibody was raised against a 29 kD cytoplasmic antigen (p29), reported to be related to
the ER (Coffer et al., 1985a) and a strong predictor of ER expression (Coffer et al.,
1985b). However, the relevance of the antigen to ER has yet to be confirmed. ER-D5binding was demonstrated for all cells and synovial sections tested. ZR-75 cells gave
the strongest cytoplasmic staining, which is in accordance with the ability of H222
mAb to detect ER protein in these cells alone. Synovial fibroblasts were also found to
express considerable p29, whereas the staining for the purportedly ER-negative cell
line, Hs578T, and for PBMC, was weak and diffuse. The level of p29 expression by
cells was also examined by FACS analysis which produced comparable results to those
seen histologically.
The p29 antigen has been reported to be present at approximately one thousand times
the concentration of ER in oestrogen-responsive tissues. Results with the ER-D5 mAb
in breast tumours have shown that all ER-rich samples stain strongly, and those with
low or undetectable ER using standard detection methods also showed a certain degree
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of positivity with ER-D5 (Coffer et al., 1985b; Cano et al., 1986). Thus, the results
with the Hs578T cell line are likely to be indicative of ER expression below the level of
detection, and hence functionality. ER mRNA could not be detected in this cell line
which further supports this conclusion. The level of p29 expression was also shown to
be low in PBMC, although staining patterns using the APAAP procedure were more
intense for PBMC obtained from a postmenopausal female RA patient than for a
premenopausal female control. Higher levels of p29 have been recorded for breast
cancer patients above the age of 50 than those under 50 years (Coffer et al., 1985b).
Therefore the results obtained here may reflect the age of the subject, or menopausal
status. Alternatively, the increase in p29 expression could be as a result of the RA.
However, when a range of RA patients and age- and sex-matched controls were studied
for ER-D5-binding by FACS analysis, binding sites were generally lower in the RA
patients than the controls, although the difference was not significant. When grouping
into age there was also no significant difference in p29 expression. FACS analysis is a
qualitative and quantitative method of assessing the degree of expression of both cell
surface and intracellular markers, whereas APAAP staining is largely qualitative. In
addition, there is greater scope for inter-experimental error with the latter technique.
The low expression of p29 antigen in the ER-negative cell line, Hs578T, and the
comparably low levels of p29 in PBMC, questions the previous reports of ER in
immune cells, and, if present, its functionality. Cohen et al. (1983) were the first group
to publish data which suggested that ER were expressed exclusively by the CD8+ T cell
population. This was supported by Stimson in 1988 who also reported the CD8+
subset to be positive for ER, and the CD4+ cells negative. Therefore the failure to
detect ER in the mixed PBMC population could be due to the low numbers of CD8+ T
cells present. Additionally, if p29 antigen expression is also restricted to CD8+ T cells,
this would also explain the minimal staining seen with ER-D5 mAb. However,
monocytes have also been reported to possess ER (Gulshan et al., 1990), which would
suggest that an imbalance of ER-negative and ER-positive cells within the PBMC
population is not the reason for the lack of detection of the receptor. In theory the
lower ER-D5 binding in RA PBMC may reflect an underlying deficiency in the ERexpressing cell population. A reduction in CD8+ cell numbers has been reported in RA
(Veys et al., 1982). However, this is controversial, and if the CD8+ cell subset is
depleted in the RA patients included in the experiments reported in Chapter Four, the
levels are unlikely to be reduced to such an extent that p29 expression would be
affected. In addition, if monocytes do indeed express ER, one would expect p29
antigen to be expressed simultaneously, which would likely counteract any underlying
CD8+ cell deficiency in terms of ER-D5 binding.
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Synovial tissue from a postmenopausal female RA patient was observed following
incubation with ER-D5 mAb. Distinct areas of positive staining were seen and closer
examination revealed the most intense staining to be localised to clusters of infiltrating
cells. The majority of infiltrating cells were negative which suggests that the
predominant CD4+ T cells occurring here do not express p29. Therefore, the cells
which appeared to express significant levels of p29 antigen could be CD8+ T cells, or
alternatively B cells or macrophages. To date there are no reports of ER on B cells,
although there have been reports of oestrogen effects, in particular on the CD5+ subset
( see Introduction, Section 1.6.3). If macrophages are responsible for the intense cell
staining within the clusters, stronger staining might have been expected in the synovial
lining layer. However, only weak, diffuse staining was observed in this area.
Alternatively, the macrophages present within the cell clusters may be activated in some
way, perhaps by other inflammatory cells present, which results in an upregulation of
p29 expression. The weak staining of the lining layer was somewhat unexpected
following the strong ER-D5 binding seen with synovial fibroblasts, although it is
difficult to extrapolate from the results with a single cell type maintained in culture to
those with a network of cells in an ex vivo situation. Further investigation by dual
labelling sections with the ER-D5 mAb and mAbs directed against different cell
markers, including CD8, is required before any firm conclusion can be made regarding
the phenotype of cells expressing p29 antigen.
In a recent publication, Cutolo et al. (1993) also used the ER-D5 mAb to detect ER in
rheumatoid synovium, and performed dual-labelling to assess its cellular distribution.
They demonstrated p29 expression in macrophage-like synoviocytes and CD8+,
CD29+ T cells, which supports the previous findings of ER in CD8+ cells in peripheral
blood (Cohen et al,, 1983; Stimson, 1988) and monocyte/macrophages (Gulshan et al,,
1990), and provides further evidence for a direct correlation between nuclear ER
protein and cytoplasmic p29. The location of p29 antigen, and presumably therefore
ER, within RA synovium, and in particular its association with cells capable of
contributing to the disease process, suggests that oestrogen may be of importance in the
joint milieu.
The progression from studies of ER at the protein level to investigations of its
transcriptional expression were necessitated by the failure to detect ER protein per se in
PBMC using specific mAbs. Northern blot analysis of ZR-75 cell total RNA using a
specific human ER cDNA probe appeared to demonstrate the expected 6.2 kb
transcript, but neither T-47D cell, Hs578T cell or PBMC RNA hybridised to the ER
cDNA Reverse transcription of total RNA and amplification of the cDNA product
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using Taq polymerase and specific oligonucleotide primers, designed to frame a region
of the ER ligand-binding domain, provided a more sensitive method for the detection of
ER mRNA. RNA from both the ZR-75 and T-47D breast carcinoma cell lines amplified
to give the correct sized product. Sequencing of the PCR product for ZR-75 cells
confirmed this to be identical to the oestrogen-binding domain of the human ER cDNA
(Greene et al., 1986). Hs578T cells failed to demonstrate a PCR product, in support of
this being an ER-negative cell line (Hackett et al., 1977). The expected DNA fragment
was also obtained from synovial fibroblasts, which agrees with the relatively strong
binding of ER-D5 mAb in these cells.
Reverse transcription of PBMC RNA and amplification by PCR with the ER-specific
oligonucleotide primers resulted in a clear DNA product, illustrating that PBMC
possess ER mRNA. The expression of ER mRNA was demonstrated consistently for
female controls using this method, whereas in two of the three male control PBMC
RNA samples the PCR product was present in only low amounts or was undetectable.
The male control demonstrating the greatest level of ER mRNA expression, in terms of
the amount of PCR product observed, was receiving steroid therapy which may have
upregulated ER levels transcriptionally. Interestingly, PBMC obtained from two
premenopausal female controls demonstrated a slower migrating species, in addition to
the predicted fragment. This appeared to be between 320 and 350 bp, compared to the
expected 287 bp product. It was initially considered that this may be related to
endogenous hormone levels as it appeared to be limited to a subpopulation of the female
controls and was not demonstrated with RNA from male donors. However, when the
Taq polymerase was obtained from a different source, and a MgCl2 titration was carried
out using ZR-75 cell cDNA, the same two bands were seen at concentrations of MgCl2
above 1.5 mM. Hence, despite the fact that the concentration of MgCl2 used previously
was 1.5 mM and that the two bands were only detected in certain RT-PCR reactions, it
was concluded that the second PCR product was a PCR artefact. This was further
substantiated when a band-stab method was employed to attempt to separate the two
PCR products (Bjourson & Cooper, 1992) and a single PCR product was consistently
recovered on re-amplification, indicating that the second band was an artefact of the
original, perhaps due to differential splicing. The inability to separate the two products
meant that they could not be sequenced and hence the exact identity of the second PCR
fragment could not be verified.
Bellido et al. (1993) also used the RT-PCR method to detect ER mRNA and developed
a pair of oligonucleotide primers to frame a 350 bp region of the DNA-binding domain
of the murine uterine ER for this purpose. Using these primers with reverse transcribed

RNA from two bone marrow-derived stromal cell lines and an osteoblast-like line, as
well as from the ER-positive breast carcinoma cell line, MCF-7, the 350 bp fragment
was detected as was a second faster migrating product. The second PCR product
appeared to be of similar size to that observed with PBMC RNA here, which may
suggest that this is a genuine result and not a PCR artefact as originally thought. It is
possible that the MgCl2 concentration determined the ability of the primers to bind to a
different site, although the fact that primers described here, and those used by Bellido et
al. (1993), were directed against two separate and both highly conserved domains of
the receptor, makes it unlikely that the primers would have bound to regions other than
these.
The results of these experiments demonstrate that PBMC express ER mRNA only at
extremely low levels, and the translation of this into ER protein has yet to be
confirmed, although the expression of the p29 antigen suggests that ER is present at the
protein level. The recent development of a mAb directed against the DNA-binding
domain of the ER may provide a sufficiently sensitive method to detect ER in PBMC
immunohistochemically. The use of this antibody has provided the first convincing
evidence of an immunohistochemical location of the ER in osteoblasts and osteoclasts
(Mizuno et al., 1992; Ikegami et al., 1993), in situations where the H222 mAb has
been unsuccessful (Colston et al., 1989). This could provide a useful tool in terms of
allowing relatively small numbers of cells to be analysed for ER expression by flow
cytometry, giving an accurate analysis of receptor sites per cell and expression by
specific cell populations. Sumner et al. (1991) reported that the saponinpermeabilisation technique for the detection of intracellular antigens can be used for
dual-labelling with antibodies directed against cell-surface markers added
simultaneously, as permeabilisation did not significantly alter antibody binding to the
cell surface. This would be useful with anti-ER mAbs and also the ER-D5 mAb.

6 .3

SEX HORMONE MODULATION OF INTEGRIN EXPRESSION

The ZR-75 cell line requires oestrogen to maintain anchorage-dependent growth in
culture. Culturing the cells in oestrogen-depleted medium resulted in a significant
reduction in cell growth and, unexpectedly, a change in morphology. This was
observed after only three days of culture under these conditions, and appeared to be
maximal after seven days. The change in ZR-75 cell morphology, including reduced
cell adherence and colony formation, was associated with downregulation of the
integrin subunit, <x6. a6 associates with the pi subunit to form VLA-6, a receptor for
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laminin. The other integrin subunits expressed on this cell line, a2, a3 and pi, were
not altered following the period of oestrogen deprivation. a2pl (VLA-2) is a receptor
for collagen and laminin and a3pl (VLA-3) forms a receptor for fibronectin, laminin
and collagen.
Binding to laminin in the basement membrane is thought to be important in tumour
metastasis, which is a complex process involving interactions between cancer cells and
the basement membrane, which forms a natural barrier to be crossed when leaving the
primary tumour, in intra- and extravasation and in the penetration of muscles and
nerves (Liotta, 1986). Therefore it could be hypothesised that downregulation of a6
expression would result in reduced metastasis due to reduced binding to laminin. A
considerable proportion of carcinomas of the breast are oestrogen-dependent and can be
controlled therapeutically with the anti-oestrogen, tamoxifen. According to these
observations, continued oestrogen-stimulation of ER-positive breast carcinoma tissue
would maintain high a6 levels and hence increase the likelihood of tumour metastasis.
However, it is known that ER-negative tumours are less well differentiated and more
invasive than their ER-positive counterparts and oestrogen-depletion of the ZR-75 cell
line appeared to cause a downregulation of ER, in conjunction with the a6 integrin
subunit.
The spectrum of integrin subunit expression on ZR-75 cells correlated with that defined
for breast carcinoma tissues (D'Ardenne et al., 1991). In normal breast tissues a6
staining was shown to be weak in the epithelial cytoplasm, moderate in cell membrane
and most intense in the basement membrane. In contrast, carcinoma tissue
demonstrated variable cytoplasmic/cell staining but there was a consistent loss of
basement membrane staining for a6, which correlated with a reduction in the ligand,
\

laminin. Gould et al. (1990) also demonstrated reduced a6 expression in all breast
carcinomas, in conjunction with a reduction in pi levels. They concluded that the
difference in a6 expression between carcinomas may explain their local invasiveness
and metastatic behaviour. Oestrogen has been reported to increase the expression of the
non-integrin 67 kD laminin receptor, thought to correlate directly with the metastatic
phenotype of cancer cells (van den Brule et a l, 1992).
It has also been proposed that laminin is not involved in tumour cell migration
(Coopman et a l, 1991), rather it may be that the loss of cell surface integrin expression
is solely responsible for the morphological changes seen. Invasive breast carcinomas
are characterised by a progressive loss of tissue organisation, including reduced
differentiation, as was observed with the ZR-75 cell line in vitro. Pignatelli et al. (1992)
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reported a reduction in the expression of both a2pi and a6p4 receptors in invasive
carcinomas. Therefore the reduction in a6 expression in ZR-75 cells may correlate with
a reduction in the level of the a6p4 receptor, rather than a6pl, as the level of the pi
subunit was unaltered. The expression of the fibronectin receptor subunit, a3, has also
been proposed as an important factor in tumour cell metastasis (Gould et al., 1990).
The relevance of the downregulation of a6 expression in ZR-75 cells in vitro following
a period of culture in oestrogen-depleted medium is only speculative. It would seem
contradictory that the removal of oestrogen, considered to be detrimental in breast
cancer, leads to the loss of integrin subunit expression, which has been proposed as
being directly related to tumour cell differentiation and invasiveness. ot6 expression
could be recovered after reculturing the cells in the presence of oestrogen. The effect of
long-term oestrogen deprivation was not studied and the effects of this on a6
expression at the mRNA level were also not examined. However, oestrogen has many
effects, of which integrin expression may prove to be inconsequential. The effects of
oestrogen in breast cancer are unlikely to be as defined as originally thought and a
recent report demonstrating that, following transfection of ER into an ER-negative cell
line, oestradiol could inhibit metastatic activity (Garcia et al., 1992), indicates that
factors other than the ER appear to be involved.
Changes in integrin expression have also been reported to occur as a result of the
inflammatory process, due to factors such as cytokines released at the inflammatory
site, which may be important in conditions such as RA (reviewed by Panayi, 1993).
FACS analysis of PBMC obtained from healthy controls demonstrated the expression
of a4, a6, aL, aM, pi and p2 integrin subunits. aLp2 (LFA-1) and aMp2 (CR3 or
Mac-1) are members of the leukocyte integrin family and are important in immune
regulation. a4pl and a6pi perform interactions with the extracellular matrix which is
also critical for immune surveillance (reviewed by Springer, 1990). Dual-labelling of
cells confirmed that T cells express predominantly aL and p2, whereas aM and p2 were
present in the highest levels on peripheral blood monocytes. All subunits found on
PBMC were also found to be expressed on both T cells and monocytes. The aMp2
receptor is not found on lymphocytes and therefore the demonstration of this subunit in
the T cell population might have been a result of PMNL contamination. The high levels
of aM expression found on monocytes could be due to inadvertent activation of the
cells during the experimental procedure.
Results of experiments comparing integrin subunit expression on PBMC from controls
and RA patients showed a general trend of reduced levels on RA cells. This was
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significant for pi in terms of the percentage of cells expressing the subunit and the
number of sites per cell. The reduction in otL subunit was also significant, but only in
terms of the percentage of positive cells. McCarthy et al. (1992) found a reduction in pi
expression when examining RA peripheral blood leukocytes, and also reported an
increase in aM. As the basal aM levels were thought to be modulated by cell
preparation procedures, conclusions regarding the expression of this subunit in control
and RA PBMC cannot be drawn. The VLA-4, -5 and -6 receptors are expressed on
naive T cells, and memory T cells express three- to four-fold higher levels than resting
cells (Shimizu et al., 1990). The initial investigation into PBMC integrin expression
failed to demonstrate any appreciable anti-a5 mAb binding. However, subsequent
studies showed low levels of this subunit. The expression of VLA-4, -5 and -6 was not
significantly different on control and RA PBMC, whereas it might have been expected
to see increased expression on RA cells as a result of activation in vivo. Binding of
synovial fluid T cells to fibronectin was increased compared to the binding of peripheral
blood T cells in RA, which appeared to be mediated by the VLA-5 (Garcia-Vicuna et
al., 1992) and/or VLA-4 (Rodriguez et al., 1992) receptors. It is possible that any
modulation of integrin expression in RA occurs exclusively at the inflammatory site, on
synovial cells. It has also been found that the expression and function of integrins are
not mutually exclusive, in that the increased cell adhesion can occur as a result of the
activation of existing molecules, without the necessity for increased expression.
Incubation of control and RA PBMC with oestrogen did not alter basal levels of the
various subunits. Cytokines such as IL-1 and TNF can modulate integrin expression
(reviewed by Pober & Cotran, 1990) and may be important in enhancing cell adhesion
in RA. It is possible that oestrogen may modulate the expression of adhesion molecules
which are upregulated as a result of the inflammatory process. In this respect,
oestrogen has been shown to potentiate TNF-induced upregulation of ICAM-1 and
ELAM-1 on endothelial cells (Cid et al., 1992). ICAM-1 has been reported to be
increased in RA synovial fluid macrophages compared with peripheral blood
monocytes, and GM-CSF, IFN-y, TNF-a and IL-1 have the capacity to increase
ICAM-1 expression on peripheral blood cells to a level comparable to that on synovial
cells (Diaz-Gonzalez & Alvaro-Gracia, 1992). Therefore it would be of relevance to
study the effect of oestrogen on ligands as well as receptors.
Integrin expression in rheumatoid synovial tissue was not studied. However, a recent
report found that the a6 subunit was the only consistent subunit to be expressed by
synovial lining cells, and that its expression appeared to correlate with disease activity
in that weaker staining was observed in the strongly proliferative lining cell layers
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(Nikkari et al., 1993). A tenuous link can be made between loss of a6 expression in
invasive breast carcinoma and reduced a6 expression in the proliferative rheumatoid
synovium. The observation that withdrawal of oestrogen appeared to be the causal
factor for downregulation of this subunit in the ZR-75 cell line, and the link between
the menopause, and hence loss of sex hormones, and the onset of RA may implicate a
role for oestrogen in the maintenance of a6 levels. There is no evidence for such an
effect from the data presented in Chapter Five, although the modulation of stimulated
a6 levels remains a possibility. This is obviously a very simplistic theory which is
likely to incorporate many factors in vivo which are absent in the in vitro model.

6 .4

CONCLUDING REMARKS

RA is a chronic inflammatory disease characterised by a complex scenario of events
which culminate in destruction of the joint architecture and a concomitant array of
systemic effects. The role for sex hormones in these proceedings is substantiated by the
preponderance of females developing the disease, the link between onset and the
menopause, and the evidence provided from animal models of arthritis. As the immune
system appears to be central to the pathogenesis of RA, and the relationship between
the female sex and RA extends to include a range of autoimmune conditions, the
obvious target for sex hormones would be that of immune regulation.
There is an ever-increasing body of information regarding the functioning of the
immune system, and there are many parameters which could potentially be influenced
by sex hormones. Two particular functions which are of direct relevance to the immune
system in RA are that of cytokine production and adhesion molecule expression. These
processes have the capacity to mediate cellular infiltration and perpetuation in the joint,
and the inflammatory reaction and bone and cartilage destruction which ensues. The
evidence presented here suggests that the sex hormones, in particular oestrogen, do not
directly modulate cytokine or adhesion molecule (integrin) expression by rheumatoid
peripheral blood cells or by cells taken from healthy controls.
There are many possible explanations for the failure to demonstrate a sex hormone
effect on PBMC in in vitro models of immune function. The vast majority of sex
hormone effects reported in the literature have resulted from in vivo models. PBMC
derive from environments with differing hormonal levels which cannot be recreated in
vitro. In addition, in the in vivo situation the coexistence of the different sex hormones,
as well as their metabolites and other factors which control sex hormone production and
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effects, questions the relevance of in vitro models. Other hormones also appear to be
important in immune regulation, and it is possible that oestrogen acts via modulating the
expression of these proteins. Prolactin is perhaps the most important hormone in terms
of immune regulation defined to date (see Introduction, Section 1.8.6). The immunopotentiating actions of prolactin, and the production of poly amines as a result of
prolactin-induced increases in ODC activity, are thought to be involved in the
pathogenesis of autoimmune diseases such as SLE and RA. Oestrogen is known to act
at the level of the pituitary to stimulate prolactin secretion (Franks, 1983). There is no
evidence of an effect of oestrogen on lymphocyte prolactin mRNA expression from
experiments reported in this thesis, although a direct effect of oestrogen on immune
cells at the translational level cannot be ruled out. Nevertheless, a more likely theory is
that oestrogen administered in vivo stimulates prolactin release from the pituitary which
then modulates immune function directly.
The increasing evidence to suggest that ERs are present on CD8+ T cells, macrophage
like synoviocytes and, as was demonstrated here at the mRNA level, on synovial
fibroblasts, indicates that oestrogen has the potential to influence immune function and
directly modulate the cells within the joint. The failure to demonstrate ER at the protein
level and the detection of only very low levels of ER mRNA, could be due to the small
percentage of ER-positive cells present within PBMC. Future investigations using
purified cell types are required to provide the information necessary to determine
whether this is so, or whether the receptor expression is constitutively low on all cells
and hence unlikely to be functional. Distribution of ER on cells within a PBMC
population obviously governs their ability to mediate oestrogen response. For example,
if monocytes are found to be ER-negative this could explain the lack of effect of
oestrogen on PBMC monokine expression, and if CD8+ cells are exclusively ERpositive then assays of immune function, such as cytotoxicity, directed at this cell type
would be more applicable. Alternatively, receptors could be present in sufficient
amounts to mediate a response, with the failure to elicit a response occurring at a
transcriptional level. Thus, an underlying inability to form stable ER/ERE complexes,
or a subsequent defect in the transcription of oestrogen-responsive genes, perhaps
through the absence of a crucial transcription factor, could explain the hormoneunresponsiveness of immune cells in culture. Differences in EREs could also explain
the tissue specificity in oestrogen responsiveness.
The synovial tissue could be considered the target tissue in RA. The gross proliferation
of cells, seen within the synovial membrane, and the release of degradative enzymes,
for example, are confined to the joint space. Therefore, it is possible that any potential
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modulatory effect of the sex hormones in the immune system is localised to the area of
inflammatory activity. Indeed, much of the evidence to date demonstrates a direct effect
of the sex hormones, especially oestrogen, on bone cells, which is thought to be of
importance in the bone disorder, osteoporosis. A closer investigation of ER expression
and integrin molecule distribution within the synovial membrane and an examination of
the effects of the sex hormones on synovial cells in vitro, would provide an interesting
successor to the studies carried out as part of this study. In addition, it has been
reported that the upregulation of adhesion molecules on the endothelium could facilitate
the accumulation of inflammatory cells within the joint. Hence, the endothelial cell
provides another possible means of hormonal intervention which would have direct
relevance to changes which occur in RA.
There remains a considerable scope for research into the area of immunoendocrinology,
and much work is required to unravel the complexities of sex hormone modulation of
the immune system. The research carried out as part of this project can only support an
indirect role for oestrogen in the periphery, suggesting that this hormone alone is not
responsible for the heightened immune response in females. However, immune
regulation encompasses a vast spectrum of interactions between cells and mediators,
therefore this study is only the tip of the iceberg. A final conclusion that sex hormones
act purely indirectly would have important consequences regarding the general
perception of sex and immunity. Alternatively, the discovery of a direct role for sex
hormones in autoimmune diseases such as RA would clarify many of the complexities
in this area and open the door to a host of new therapeutic approaches.

BIBLIOGRAPHY

203
Ablin, R.J., Bruns, G.R., Guinan, P., and Bush.I.M. (1974). The effect of estrogen
on the incorporation of 3H-thymidine by PHA-stimulated human peripheral blood
lymphocytes. J. Immunol. 113, 705-707.
Allen, J.B., Blatter, D., Calandra, G.B., and Wilder, R.L. (1983). Sex hormone
effects on the severity of streptococcal cell wall-induced polyarthritis in the rat. Arthritis
Rheum. 26, 560-563.
Allred, D.C., Bustamante, M.A., Daniel, C.O., Gaskill, H.V., and Cruz, A.B.
(1990). Immunocytochemical analysis of estrogen receptors in human breast
carcinomas. Arch. Surg. 725, 107-113.
Ansar Ahmed S., Dauphinee, M.J., Montoya, A.I., and Talal, N. (1989). Estrogen
induces normal murine CD5+ B cells to produce autoantibodies. J. Immunol. 142,
2647-2653.
Ansar Ahmed, S., Dauphinee, M.J., and Talal, N. (1985). Effects of short-term
administration of sex hormones on normal and autoimmune mice. J. Immunol. 134,
204-210.
Ansar Ahmed, S., Dauphinee, M.J., and Talal, N. (1986). Effects of sex hormones on
autoantibody producing B cells bearing Ly-1 antigen. Arthritis Rheum. 29 (suppl.),
S34.(Abstract)
Ansar Ahmed, S., Penhale, W.J., and Talal, N. (1985). Sex hormones, immune
responses, and autoimmune diseases. Am. J. Pathol. 121, 531-551.
Ansar Ahmed, S. and Talal, N. (1990). Sex hormones and the immune system-part 2.
Animal data. Balliere's Clin. Rheumatol. 4, 13-31.
Araneo, B.A., Dowell, T., Diegel, M., and Daynes, R.A. (1991). Dihydrotestosterone
exerts a depressive influence on the production of interleukin-4 (IL-4), IL-5, and yinterferon, but not IL-2 by activated murine T cells. Blood 78, 688-699.
Arend, W.P. and Dayer, J-M. (1990). Cytokines and cytokine inhibitors or antagonists
in rheumatoid arthritis. Arthritis Rheum. 33, 305-315.
Arend, W.P., Joslin, F.G., Thompson, R.C., and Hannum, C.H. (1989). An IL-1
inhibitor from human monocytes: production and characterisation of biologic
properties. J. Immunol. 143, 1851-1858.
Amalich, F., Benito-Urbina, S., Gonzalez-Gancedo, P., Iglesias, E., De Miguel, E.,
and Gijon-Banos, J. (1992). Inadequate production of progesterone in women with
systemic lupus erythematosus. Br. J. Rheumatol. 31, 247-251.
Asherson, R.A. and Lahita, R.G. (1991). Sex hormone modulation in systemic lupus
erythematosus: still a therapeutic option? Ann. Rheum. Dis. 50, 897-898.
Baral, E., Kuok, S., and Berczi, I. (1991). The influence of estradiol and tamoxifen on
the mixed lymphocyte reaction in rats. Immunopharmacology 2 1 ,191-198.
Baranao, R.I., Tenenbaum, A., and Rumi, L.S. (1991). Effects of sexual steroid
hormones on the functionality of murine peritoneal macrophages. Steroids 5 6 ,481485.

204

Batticane, N., Morale, M.C., Gallo, F., Farinella, Z., and Marchetti, B. (1991).
Luteinizing hormone-releasing hormone signalling at the lymphocyte involves
stimulation of interleukin-2 receptor expression. Endocrinology 129,277-286.
Beato, M. (1989). Gene regulation by steroid hormones. Cell 56, 335-344.
Bellido, T., Girasole, G., Passeri, G., Yu, X-P., Mocharla, H., Jilka, R.L., Notides,
A., and Manolagas, S.C. (1993). Demonstration of estrogen and vitamin D receptors in
bone marrow-derived stromal cells: up-regulation of the estrogen receptor by 1,25dihydroxyvitamin-D3 . Endocrinology 133, 553-562.
Bendtzen, K., Svenson, M., Jonsson, V., and Hippe, E. (1990). Antibodies to
cytokines-friends or foes? Immunol. Today 11, 167-169.
Benz, D.J., Haussler, M.R., Thomas, M.A., Speelman, B., and Komm, B.S. (1991).
High-affinity androgen binding and androgenic regulation of a l (I)-procollagen and
transforming growth factor-p steady state messenger ribonucleic acid levels in human
osteoblast-like osteosarcoma cells. Endocrinology 128, 2723-2730.
Berczi, I. (1993). Prolactin, pregnancy and autoimmune disease. J. Rheumatol. 20,
1095-1100.
Beutler, B. and Cerami, A. (1987). Cachectin: more than a tumor necrosis factor. New
Eng. J. Med. 316, 379-385.
Bijlsma, J.W.J. and van den Brink, H.R. (1992). Estrogens and rheumatoid arthritis.
Am. J. Reprod. Immunol. 28, 231-234.
Bizzarro, A., Valentini, G., Di Martino, G., Daponte, A., De Beilis, A., and Iacono,
G. (1987). Influence of testosterone therapy on clinical and immunological features of
autoimmune diseases associated with Klinefelter’s syndrome. J. Clin. Endocrinol.
Metab. 64, 32-36.
Bjourson, A.J. and Cooper, J.E. (1992). Band-stab PCR: a simple technique for the
purification of individual PCR products. Nucleic Acids Res. 2 0 ,4675.
Blais, J.A. and Demers, R. (1962). The use of Norethynodrel (Enovid) in the treatment
of rheumatoid arthritis (preliminary report). Arthritis Rheum. 5, 284.
Brennan, F.M., Chantry, D., Jackson, A., Maini, R., and Feldmann, M. (1989).
Inhibitory effect of TNFa antibodies on synovial cell interleukin-1 in rheumatoid
arthritis. Lancet ii, 244-247.
Brennan, F.M., Chantry, D., Turner, M., Foxwell, B., Maini, R., and Feldmann, M.
(1990). Detection of transforming growth factor-beta in rheumatoid arthritis synovial
tissue: lack of effect on spontaneous cytokine production in joint cell cultures. Clin.
Exp. Immunol. 81, 278-285.
Brennan, F.M., Field, M., Chu, C.Q., Feldmann, M., and Maini, R.N. (1991).
Cytokine expression in rheumatoid arthritis. Br. J. Rheumatol. 30 (suppl.l), 76-80.
Brick, J.E., Wilson, D.A., and Walker, S.E. (1985). Hormonal modulation of
responses to thymus-independent and thymus-dependent antigens in autoimmune
NZB/W mice. J. Immunol. 134, 3693-3698.
Brown, M. and Sharp, P.A. (1990). Human estrogen receptor forms multiple proteinDNA complexes. J. Biol. Chem. 265, 11238-11243.

205

Bucala, R., Fishman, J., and Cerami, A. (1984). The reaction of 16a-hydroxyestrone
with erythrocytes in vitro and in vivo. Eur. J. Biochem. 140, 593-598.
Bucala, R., Lahita, R.G., Fishman, J., and Cerami, A. (1985). Increased levels of
16a-hydroxyestrone-modified proteins in pregnancy and in systemic lupus
erythematosus. J. Clin. Endocrinol. Metab. 60, 841-847.
Bucala, R., Lahita, R.G., Fishman, J., and Cerami, A. (1987). Anti-oestrogen
antibodies in users of oral contraceptives and in patients with systemic lupus
erythematosus. Clin. Exp. Immunol. 67, 167-175.
Butterworth, M., McClellan, B., and Allansmith, M. (1967). Influence of sex on
immunoglobulin levels. Nature 2 1 4 ,1224-1225.
Buyon, J.P., Korchak, H.M., Rutherford, L.E., Ganguly, M., and Weissmann, G.
(1984). Female hormones reduce neutrophil responsiveness in vitro. Arthritis Rheum.
27, 623-630.
Caggiula, A.R., Stoney, C.M., Matthews, K.A., Owens, J.F., Davis, M.C., and
Rabin, B.S. (1990). T-lymphocyte reactivity during the menstrual cycle in women.
Clin. Immunol. Immunopathol. 56, 130-134.
Cano, A., Coffer, A.I., Adaria, R., Millis, R.R., Rubens, R.D., and King, R.J.B.
(1986). Histochemical studies with an estrogen receptor-related protein in human breast
tumors. Cancer Res. 46, 6475-6480.
Carette, S., Marcoux, S., and Gingras, S. (1989). Postmenopausal hormones and the
incidence of rheumatoid arthritis. J. Rheumatol. 16,911-913.
Carlos, T.M. and Harlan, J.M. (1988). Characterization of p29, and estrogen-receptor
associated tumor marker. J. Steroid Biochem. 3 1 ,745-750.
Carlsten, H., Holmdahl, R., Tarkowski, A., and Nilsson, L-A. (1989). Oestradioland testosterone-mediated effects on the immune system in normal and autoimmune
mice are genetically linked and inherited as dominant traits. Immunology 68, 209-214.
Carlsten, H. and Tarkowski, A. (1993). Histocompatibility complex gene products and
exposure to oestrogen: two independent disease accelerating factors in murine lupus.
Scand. J. Immunol. 38, 341-347.
Catelli, M.G., Binart, N., Jung-Testas, I., Renoir, J.M., Baulieu, E.E., Feramisco,
J.R., and Welch, W J. (1985). The common 90-kd protein component of non
transformed '8S' steroid receptors is a heat-shock protein. EMBO J. 4, 3131-3135.
Cenrella, M., McCarthy, T.L., and Canalis, E. (1988). Skeletal tissue and
transforming growth factor p. FASEB J. 2, 3066-3073.
Chantry, D., Turner, M., Abney, E., and Feldmann, M. (1989). Modulation of
cytokine production by transforming growth factor-pi. J. Immunol. 142, 4295-4300.
Chein, A., Edgar, D.B., and Trela, J.M. (1976). Deoxyribonucleic acid polymerase
from the extreme thermophile Thermus aquaticus. J. Bacteriol. 127,1550-1557.
Chiba, M., Teitelbaum, S.L., Ross, F.P., Zhang, L., Chappel, J., and Cao, X.
(1992). Osteoclast precursor p3 integrin mRNA expression is enhanced by retinoic acid
and estrogen. J. Bone Miner. Res. 7 (suppl.l), S120.(Abstract)

206

Chikanza, I.C. and Panayi, G.S. (1993). Hypothalamic-pituitary mediated modulation
of immune function: prolactin as a neuroimmune peptide. Br. J. Rheumatol. 3 0 ,203207.
Chin, J., Rupp, E., Cameron, P.M., MacNaul, K.L., Lotke, P.A., Tocci, H.J.,
Schmidt, J.A., and Bayne, E.K. (1988). Identification of a high-affinity receptor for
interleukin-la and interleukin- 1J3 on cultured human rheumatoid synovial cells. J. Clin.
Invest. 52, 420-426.
Chiodi, H. (1940). The relationship between the thymus and the sexual organs.
Endocrinology 2 6 ,107-115.
Chomczynski, P. and Sacchi, N. (1987). Single-step method of RNA isolation by acid
guanidinium thiocyanate-phenol-chloroform extraction. Anal. Biochem. 162,156-159.
Chouaib, S., Branellec, D., and Buurman, W.A. (1991). More insights into the
complex physiology of TNF. Immunol. Today 72, 141-142.
Chu, C.Q., Field, M., Allard, S., Abney, E., Feldmann, M., and Maini, R.N. (1992).
Detection of cytokines at the cartilage/pannus junction in patients with rheumatoid
arthritis: implications for the role of cytokines in cartilage destruction and repair. Br. J.
Rheumatol. 31, 653-661.
Cid, M.C., Kleinman, H.K., Grant, D.S., Fauci, A.S., and Hoffman, G.S. (1992).
Estradiol increases leukocyte adhesion to TNF-stimulated endothelial cell (EC)
monolayers. Implications for the pathogenesis of Takayasu's arthritis (TA). J. Bone
Miner. Res. 7 (suppl.l), S I69.(Abstract)
Clevenger, C.V., Russell, D.H., Appasamy, P.M., and Prystowsky, M.B. (1990).
Regulation of interleukin 2-driven T-lymphocyte proliferation by prolactin. Proc. Natl.
Acad. Sci. USA 57, 6460-6464.
Clover, J., Dodds, R.A., and Gowen, M. (1992). Integrin subunit expression by
human osteoblasts in situ and in culture. J. Cell Sci. 103, 267-271.
Coffer, A.I. and King, RJ.B. (1988). Characterization of p29, an estrogen-receptor
associated tumor marker. J. Steroid Biochem. 3 1 ,745-750.
Coffer, A.I., Lewis, K.M., Brockas, A.J., and King, R.J.B. (1985). Monoclonal
antibodies against a component related to soluble estrogen receptor. Cancer Res. 45,
3686-3693.
Coffer, A.I., Spiller, G.H., Lewis, K.M., and King, R.J.B. (1985).
Immunoradiometric studies with monoclonal antibody against a component related to
human estrogen receptor. Cancer Res. 45, 3694-3698.
Cohen, J.H.M., Danel, L., Cordier, G., Saez, S., and Revillard, J-P. (1983). Sex
steroid receptors in peripheral T cells: absence of androgen receptors and restriction of
estrogen receptors to OKT8-positive cells. J. Immunol. 131, 2767-2771.
Colston, K.W., King, R.J.B., Hayward, J., Fraser, D.I., Horton, M.A., Stevenson,
J.C., and Arnett, T.R. (1989). Estrogen receptors and human bone cells:
immunocytochemical studies. J. Bone Miner. Res. 4, 625-631.
Combe, B., Pope, R.M., Fischbach, M., Darnell, B., Baron, S., and Talal, N.
(1985). Interleukin-2 in rheumatoid arthritis: production of and response to interleukin2 in rheumatoid synovial fluid, synovial tissue and peripheral blood. Clin. Exp.
Immunol. 59, 520-528.

207

Cooke, N.E., Coit, D., Shine, J., Baxter, J-D., and Martial, J.A. (1981). Human
prolactin: cDNA structural analysis and evolutionary comparisons. J. Biol. Chem. 256,
4007-4016.
Coopman, P., Verhasselt, B., Bracke, M., De Bruyne, G., Castronovo, V„ Sobel,
M., Foidart, J.M., van Roy, F., and Mareel, M. (1991). Arrest of MCF-7 cell
migration by laminin in vitro: possible mechanisms. Clin. Exp. Metastasis 9, 469-484.
Costa, O., Bouthet, C., Sauvage, P., Michel, J.P., and Deschaux, P. (1990). Agedependent LH and FSH effect on the proliferation of women's peripheral lymphocytes
in vitro. Int. J. Immunopharmacol. 72, 821-829.
Counihan, K.A., Vertosick, F.T., and Kelly, R.H. (1991). Anti-estrogen antibodies in
systemic lupus erythematosus: a quantitative evaluation of serum levels. Immunol.
Invest. 20, 317-331.
Cuchacovich, M., Tchernitchin, A., Gatica, H., Wurgaft, R., Valenzuela, C.V-C., and
Cornejo, E. (1988). Intraarticular progesterone: effects of a local treatment for
rheumatoid arthritis. J. Rheumatol. 75, 561-565.
Cutolo, M. and Accardo, S. (1991). Sex hormones, HLA and rheumatoid arthritis.
Clin. Exp. Rheumatol. 9, 641-646.
Cutolo, M., Accardo, S., Villagio, B., Clerico, P., Bagnasco, M., Coviello, D.A.,
Carruba, G., Lo Casto, M., and Castagnetta, L. (1993). Presence of estrogen-binding
sites on macrophage-like synoviocytes and CD8+, CD29+, CD45RO+ T lymphocytes
in normal and rheumatoid synovium. Arthritis Rheum. 36, 1087-1097.
Cutolo, M., Balleari, E., Giusti, M., Intra, E., and Accardo, S. (1991). Androgen
replacement therapy in male patients with rheumatoid arthritis. Arthritis Rheum. 3 4 ,15.
Cutolo, M., Balleari, E., Giusti, M., Monachesi, M., and Accardo, S. (1986). Sex
hormone status in women suffering from rheumatoid arthritis. J. Rheumatol. 13, 10191023.
Cutolo, M., Balleari, E., Giusti, M., Monachesi, M., and Accardo, S. (1988). Sex
hormone status of male patients with rheumatoid arthritis: evidence of low serum
concentrations of testosterone at baseline and after human chorionic gonadotropin
stimulation. Arthritis Rheum. 3 1 ,1314-1317.
D'Ardenne, A.J., Richman, P.I., Horton, M.A., McAulay, A.E., and Jordan, S.
(1991). Coordinate expression of the alpha-6 integrin sub-unit and laminin in breast
cancer. J. Pathol. 165, 213-220.
Dabre, P.D. and Daly, R.J. (1990). Transition of human breast cancer cells from an
oestrogen responsive to unresponsive state. J. Steroid Biochem. Mol. Biol. 37, 753763.
Dahlgren, U.I. and Hanson, L.A. (1991). Effect of oestradiol on the secretory immune
system in the rat: an increase in biliary IgM antibodies against a T-cell independent
antigen. Immunology 74, 74-77.
Danel, L., Martin, P., Escrich, E., Tubiana, N., Fiere, D., and Saez, S. (1981).
Androgen, estrogen and progestin binding sites in human leukemic cells. Int. J. Cancer
27, 733-741.

208

Danel, L., Souweine, G., Monier, J.C., and Saez, S. (1983). Specific estrogen
binding sites in human lymphoid cells and thymic cells. J. Steroid Biochem. 18,559563.
DaSilva, J.A.P. and Hall, G.M. (1992). The effects of gender and sex hormones on
outcome in rheumatoid arthritis. Balliere's Clin. Rheumatol. 6 , 193-219.
Davies, M. and Browne, C.M. (1985). Pregnancy-associated nonspecific
immunosuppression: mechanism for the activation of the immunosuppressive factors.
Am. J. Reprod. Immunol. Microbiol. 9, 84-90.
De Bemardi, B., Scorza, R., Hu, C., Travaglini, P., Della Casa Alberighi, O., Togni,
M.E., Honorati, C., and Cigognini, A. (1990). Lymphocyte abnormalities in patients
with macro- and micro-prolactinoma: different effects of bromocriptine treatment in the
two groups. Int. J. Neurosci. 51, 261-263.
del Junco, D.J., Annegers, J.F., Coulam, C.B., and Cuthra, H. (1989). The
relationship between rheumatoid arthritis and reproductive function. Br. J. Rheumatol.
28 (suppl.l), 33.
Deleuran, B.W., Chu, C.Q., Field, M., Brennan, F.M., Katsikis, P., Feldmann, M.,
and Maini, R.N. (1992). Localization of interleukin-la, type 1 interleukin-1 receptor
and interleukin-1 receptor antagonist in the synovial membrane and cartilage/pannus
junction. Br. J. Rheumatol. 31, 801-809.
Denis, M., Poellinger, L., Wikstom, A-C., and Gustafsson, J-A. (1988). Requirement
of hormone for thermal conversion of the glucocorticoid receptor to a DNA-binding
state. Nature 333, 686-688.
Denman, A.M. (1991). Sex hormones, autoimmune diseases, and immune responses.
Br. Med. J. 303, 2-3.
Denton, R.R., Koszewski, N.J., and Notides, A.C. (1992). Estrogen receptor
phosphorylation. J. Biol. Chem. 267, 7263-7268.
Diaz-Gonzalez, F. and Alvaro-Gracia, J.M. (1992). ICAM-1 expression on rheumatoid
arthritis peripheral blood monocytes and synovial fluid macrophages and its regulation
by GM-CSF and other cytokines. J. Bone Miner. Res. 7 (suppl.l), SI43.(Abstract)
Dinarello, C.A. (1989). Interleukin-1 and its biologically related cytokines. Adv.
Immunol. 44, 153-205.
Doria, G., Baschieri, S., Goso, C., Brunelli, R., Zichella, L., Spano, M., Fattorossi,
A., D'Amello, R., and Frasca, D. (1992). Hormonal regulation of T cell differentiation
in aging mice. Ann. N.Y. Acad. Sci. 650, 121-124.
Dransfield, I. (1991). Regulation of leukocyte integrin function. Chem. Immunol. 50,
13-33.
Duke, O., Panayi, G.S., Janossy, G., and Poulter, L.W. (1982). An
immunohistological analysis of lymphocyte subpopulations and their microenvironment
in the synovial membranes of patients with rheumatoid arthritis using monoclonal
antibodies. Clin. Exp. Immunol. 49, 22-30.
Emanuele, N.V., Emanuele, M.A., Tender, J., Kirsteins, L., Azad, N., and
Lawrence, A.M. (1990). Rat spleen lymphocytes contain an immunoreactive and
bioactive luteinizing hormone-releasing hormone. Endocrinology 126, 2482-2486.

209

Emery, P., Gentry, K.C., MacKay, I.R., Muirden, K.D., and Rowley, M. (1987).
Deficiency of the suppressor inducer subset of T lymphocytes in rheumatoid arthritis.
Arthritis Rheum. 30, 849-856.
Emery, P., Panayi, G.S., and Nouri, A.M.E. (1984). Interleukin-2 reverses deficient
cell-mediated immune responses in rheumatoid arthritis. Clin. Exp. Immunol. 57,123129.
Engel, L.W., Young, N.A., Tralka, T.S., Lippman, M.E., O'Brien, S.J., and Joyce,
M.J. (1978). Establishment and characterization of three new cell lines derived from
human breast carcinomas. Cancer Res. 38, 3352-3364.
Erbach, G.T. and Bahr, J.M. (1991). Enhancement of in vivo humoral immunity by
estrogen: permissive effect of a thymic factor. Endocrinology 128,1352-1358.
Eriksen, E.F., Colvard, D.S., Berg, N.J., Graham, M.L., Mann, K.G., Spelsberg,
T.C., and Riggs, B.L. (1988). Evidence of estrogen receptors in normal human
osteoblast-like cells. Science 241, 84-86.
Esdaile, J.M. (1989). Exogenous female hormones and rheumatoid arthritis: a
methodological view of the contradictions in the literature. Br. J. Rheumatol. 28
(suppl.l), 4-10.
Espevik, T. and Nissen-Meyer, J. (1986). A highly sensitive cell line, W EH I164
clone 13, for measuring cytotoxic factor/tumor necrosis factor from human monocytes.
J. Immunol. Meth. 95, 99-105.
Espinoza-Delgado, I., Ortaldo, J.R., Winkler-Pickett, R., Sugamura, K., Varesio, L.,
and Longo, D.L. (1990). Expression and role of p75 interleukin 2 receptor on human
monocytes. J. Exp. Med. 777, 1821-1826.
Evans, R.M. (1988). The steroid and thyroid hormone receptor superfamily. Science
240, 889-894.
Feinberg, A.P. and Vogelstein, B. (1983). A technique for radiolabelling DNA
restriction endonuclease fragments to high specific activity. Anal. Biochem. 132, 6-13.
Finkelman, R.D., Bell, N.H., Strong, D.D., Demers, L.M., and Baylink, D.J.
(1992). Ovariectomy selectively reduces the concentration of transforming growth
factor p in rat bone: implications for estrogen deficiency-associated bone loss. Proc.
Natl. Acad. Sci. USA 89, 12190-12193.
Firestein, G.S., Alvaro-Garcia, J.M., and Maki, R. (1990). Quantitative analysis of
cytokine gene expression in rheumatoid arthritis. J. Immunol. 144, 3347-3353.
Firestein, G.S., Berger, A.E., Tracey, D.E., Chosay, J.G., Chapman, D.L., Paine,
M.M., Lu, C., and Zvaifer, N.J. (1992). IL-1 receptor antagonist protein production
and gene expression in rheumatoid arthritis and osteoarthritis synovium. J. Immunol.
149, 1054-1062.
Flescher, E., Bowlin, T.L., Ballester, A., Houk, R., and Talal, N. (1989). Increased
polyamines may downregulate interleukin-2 production in rheumatoid arthritis. J. Clin.
Invest. 83, 1356-1362.
Flescher, E., Bowlin, T.L., and Talal, N. (1992). Regulation of IL-2 production by
mononuclear cells from rheumatoid arthritis synovial fluids. Clin. Exp. Immunol. 87,
435-437.

210
Flescher, E., Ledbetter, J.A., Shieven, G.L., Fossum, D., Alboukrek, D., and Talal,
N. (1991). Polyamine oxidase-induced suppression of CD3-mediated signal
transduction. Arthritis Rheum. 34 (suppl), S80. (Abstract)
Flynn, A. (1986). Expression of la and the production of interleukin 1 by peritoneal
exudate macrophages activated in vivo by steroids. Life Sci. 38,2455-2460.
Folomeev, M., Ananieva, L., Alekberova, Z., and Polyntcev, Y. (1989). Paradoxical
disturbances of sex hormone levels in postmenopausal women with systemic lupus
erythematosus. J. Rheumatol. 1 6 ,1165-1166.
Folomeev, M., Prokaeva, T., Nassonova, V., Nassonev, E., Masenko, E., and
Ovtraht, N. (1990). Prolactin levels in men with SLE and RA. J. Rheumatol. 17,
1569-1570.
Fowlkes, B.J., Kruisbeek, A.M., Ton-That, H., Weston, M.A., Coligan, J.E.,
Schwartz, R.H., and Pardoll, D.M. (1987). A novel population of T-cell receptor apbearing thymocytes which predominantly express a single Vp gene family. Nature 329,
251-254.
Fox, H.S., Bond, B.L., and Parslow, T.G. (1991). Estrogen regulates the IFN-y
promoter. J. Immunol. 146, 4362-4367.
Foxwell, B.M.J., Barnett, K., and Feldmann, M. (1992). Cytokine receptors:
structure and signal transduction. Clin. Exp. Immunol. 9 0 ,161-169.
Franks, C.R. (1975). Hormone exposure and lymphocyte impairment. J. Am. Med.
Assoc. 232, 19-20.
Franks, S. (1983). Regulation of prolactin secretion by oestrogens: physiological and
pathological significance. Clin. Sci. 65,457-462.
Fritsch, M., Welch, R.D., Murdoch, F.E., Andersson, I., and Gorski, J. (1992).
DNA allosterically modulates the steroid binding domain of the estrogen receptor. J.
Biol. Chem. 267, 1823-1828.
Gala, R.R. (1991). Prolactin and growth hormone in the regulation of the immune
system. Proc. Soc. Exp. Biol. Med. 198, 513-527.
Garcia, M., Derocq, D., Freiss, G., and Rochefort, H. (1992). Activation of estrogen
receptor transfected into a receptor-negative breast cancer cell line decreases the
metastatic and invasive potential of the cells. Proc. Natl. Acad. Sci. USA 89, 1153811542.
Garcia-Vicuna, R., Humbria, A., Postigo, A.A., Lopez-Elzaurdia, C., De Landazuri,
M.O., Sanchez-Madrid, F., and Laffon, A. (1992). VLA family in rheumatoid arthritis
evidence for in vivo regulated adhesion of synovial fluid T cells to fibronectin through
VLA-5 integrin. Clin. Exp. Immunol. 88,435-441.
Gerencer, M., Tajic, M., Kerhin-Brkljacic, V., and Kastelan, A. (1982). An
association between serum testosterone level and HLA phenotype. Immunol. Lett. 4,
155-158.
Gibson, D.F.C., Wolf, D.M., and Jordan, V.C. (1990). Steroid hormone receptors:
an evolving model system that modulates breast cancer cell replication. Adv. Pathol. 3,
75-110.

211
Giguere, V., Yang, N., Segui, P., and Evans, R.M. (1988). Identification of a new
class of steroid hormone receptors. Nature 331, 91-94.
Girasole, G., Jilka, R.L., Passeri, G., Boswell, S., Boder, G., Williams, D.C., and
Manolagas, S.C. (1992). 17p-Estradiol inhibits interleukin-6 production by bone
marrow-derived stromal cells and osteoblasts in vitro: a potential mechanism for the
antiosteoporotic effect of estrogens . J. Clin. Invest. 89, 883-891.
Goemaere, S., Ackerman, C., Goethalis, K., De Keyser, F., Van der Straeten, C.,
Verbruggen, G., Hielants, H., and Veys, E.M. (1990). Onset of symptoms of
rheumatoid arthritis in relation to age, sex and menopausal transition. J. Rheumatol.
77, 1620-1622.
Goldstein, R., Duff, S., and Karsh, J. (1987). Functional assessment and symptoms
of rheumatoid arthritis in relation to menstrual cycle phase. J. Rheumatol. 14, 395-397.
Gordon, D., Beastall, G.H., Thomson, J.A., and Sturrock, R.D. (1988). Prolonged
hypogonadism in male patients with rheumatoid arthritis during flares in disease
activity. Br. J. Rheumatol. 27, 440-444.
Gould, V.E., Koukoulis, G.K., and Virtanen, I. (1990). Extracellular matrix proteins
and their receptors in the normal, hyperplastic and neoplastic breast. Cell Differ. Dev.
32, 409-416.
Green, S. (1990). Modulation of oestrogen receptor activity by oestrogens and antioestrogens. J. Steroid Biochem. Mol. Biol. 37, 747-751.
Green, S. and Chambon, P. (1986). A superfamily of potentially oncogenic hormone
receptors. Nature 324, 615-617.
Green, S., Kumar, V., Theulaz, I., Wahli, W., and Chambon, P. (1988). The Nterminal DNA-binding 'zinc finger' of the oestrogen and glucocorticoid receptors
determines target gene specificity. EMBO J. 7, 3037-3044.
Green, S., Walter, P., Kumar, V., Krust, A., Bomert, J-M., Argos, P., and
Chambon, P. (1986). Human oestrogen receptor cDNA: sequence, expression and
homology to v-erb-A. Nature 320,134-139.
Greene, G.L., Gilna, P., Waterfield, M., Baker, A., Hort, Y., and Shine, J. (1986).
Sequence and expression of human oestrogen receptor complementary DNA. Science
231, 1150-1154.
Greene, G.L. and Press, M.F. (1986). I. Steroid receptor structure (including
monoclonal antibodies and new methods of determination). Structure and dynamics of
the estrogen receptor. J. Steroid Biochem. 2 4 ,1-7.
Grinlinton, F.M., Eastgate, J.A., Sloan, R.L., and Duff, G.W. (1988). Menstrual
cyclicity of disease activity and correlation with IL1 beta levels in rheumatoid arthritis.
Br. J. Rheumatol. 27 (suppl.2), 68.
Grober, J.S., Bowen, B.L., Ebling, H., Athey, B., Thompson, C.B., Fox, D.A., and
Stoolman, L.M. (1993). Monocyte-endothelial adhesion in chronic rheumatoid arthritis:
in situ detection of selectin and integrin-dependent interactions. J. Clin. Invest. 91,
2609-2619.
Grossman, C.J. (1984). Regulation of the immune system by sex steroids. Endocr.
Rev. 5, 435-455.

212
Grossman, C.J., Sholiton, L.J., and Roselle, G.A. (1982). Estradiol regulation of
thymic lymphocyte function in the rat: mediation by serum thymic factors. J. Steroid
Biochem. 16, 683-690.
Grossman, C.J., Sholiton, L.J., and Roselle, G.A. (1983). Dihydrotestosterone
regulation of thymocyte function in the rat - mediation by thymic serum factors. J.
Steroid Biochem. 19, 1459-1467.
Gulshan, S., McCruden, A.B., and Stimson, W.H. (1990). Oestrogen receptors in
macrophages. Scand. J. Immunol. 31, 691-697.
Gupta, S., Fikrig, S.M., and Noval, M.S. (1983). Immunological studies in patients
with isolated growth hormone deficiency. Clin. Exp. Immunol. 54, 87-90.
Hackett, A.J., Smith, H.S., Springer, E.L., Owens, R.B., Nelson-Rees, W.A.,
Riggs, J.L., and Gardener, M.B. (1977). Two syngeneic cell lines from human breast
tissue: the aneuploid mammary epithelial (Hs578T) and the diploid myoepithelial
(Hs578Bst) cell lines. J. Natl. Cancer Inst. 58, 1795-1806.
Hamada, K., Gleason, S.L., Levi, B-Z., Hirschfeld, S., Appella, E., and Ozato, K.
(1989). H-2RIIBP, a member of the nuclear hormone receptor superfamily that binds
to both the regulatory element of major histocompatibility class I genes and the estrogen
response element. Proc. Natl. Acad. Sci. USA 86, 8289-8293.
Hannaford, P.C., Kay, C.R., and Hirsch, S. (1990). Oral contraceptives and
rheumatoid arthritis: new data from the Royal College of General Practitioners' oral
contraception study. Ann. Rheum. Dis. 49, 744-746.
Hartmann, D.P., Holaday, J.W., and Bemton, E.W. (1989). Inhibition of lymphocyte
proliferation by antibodies to prolactin. FASEB J. 3, 2194-2202.
Hazes, J.M.W. (1991). Pregnancy and its effects on the risk of developing rheumatoid
arthritis. Ann. Rheum. Dis. 50, 71-74.
Hazes, J.M.W., Dijkmans, B.A.C., Vandenbroucke, J.P., and Cats, A. (1989). Oral
contraceptive treatment for rheumatoid arthritis: an open study of 10 female patients.
Br. J. Rheumatol. 28 (suppl.l), 28-30.
Hazes, J.M.W., Dijkmans, B.A.C., Vandenbroucke, J.P., De Vries, R.R.P., and
Cats, A. (1989). Oral contraceptives and rheumatoid arthritis: further evidence for a
protective effect independent of duration of pill use. Br. J. Rheumatol. 28 (suppl.l),
34.
Hazes, J.M.W., Dijkmans, B.A.C., Vandenbroucke, J.P., De Vries, R.R.P., and
Cats, A. (1990). Reduction of the risk of rheumatoid arthritis among women who take
oral contraceptives. Arthritis Rheum. 3 3 ,173-179.
Hazes, J.M.W., Silman, A.J., Brand, R., Spector, T.D., Walker, D.J., and
Vandenbroucke, J.P. (1989). A case-control study of oral contraceptive use in women
with rheumatoid arthritis and their unaffected sisters. Br. J. Rheumatol. 28 (suppl.l),
35.
Hazes, J.M.W., Silman, A.J., Brand, R., Spector, T.D., Walker, D.J., and
Vandenbroucke, J.P. (1990). Influence of oral contraceptives on the occurrence of
rheumatoid arthritis in female sibs. Scand. J. Rheumatol. 19, 306-310.
Hazes, J.M.W. and van Zeben, D. (1991). Pregnancy and its effects on the risk of
developing rheumatoid arthritis. Ann. Rheum. Dis. 5 0 ,71-74.

213

Helle, M., Boejie, L., and Aarden, L.A. (1988). Functional discrimination between
interleukin-6 and interleukin-1 . Eur. J. Immunol. 78, 1535-1540.
Hempel, K.H., Fernandez, L.A., and Persellin, R.H. (1970). Effects of pregnancy
sera on isolated lysosomes. Nature 225,955-956.
Hemandez-Avila, M., Liang, M.H., Willett, W.C., Stampfer, M.J., Colditz, G.A.,
Rosner, B., Chang, R.W., Hennekens, C.H., and Speizer, F.E. (1990). Exogenous
sex hormones and the risk of rheumatoid arthritis. Arthritis Rheum. 33,947-953.
Herrin, D.L. and Schmidt, G.W. (1988). Rapid, reversible staining of Northern blots
prior to hybridization. BioTechniques 6, 196-200.
Hiestand, P.C., Mekler, P., and Nordmann, R. (1986). Prolactin as a modulator of
lymphocyte responsiveness provides a possible mechanism of action for cyclosporine.
Proc. Natl. Acad. Sci. USA 83, 2599-2603.
Hillard, T.C. and Stevenson, J.C. (1991). Role of oestrogen in the development of
osteoporosis. Calcif. Tissue Int. 49 (suppl.l), S55-S59.
Hirano, T. (1990). Interleukin-6 in immune response and hematopoiesis. In
Hematopoietic growth factors in clinical applications. R. Mertelsmann and F.
Herrmann, eds. (New York and Basel: Marcel Dekker, Inc.), pp. 471-488.
Hirano, T., Akira, S., Taga, T., and Kishimoto, T. (1990). Biological and clinical
aspects of interleukin-6. Immunol. Today 11,443-449.
Hirata, S., Osada, T., Hirai, M., Hagihara, K., and Kato, J. (1992). Expression of
estrogen receptors in the rat brain: detection of its mRNA using reverse transcriptionpolymerase chain reaction. J. Steroid Biochem. Mol. Biol. 41, 583-587.
Ho, P-C. (1992). Peripheral T-lymphocyte activation and estrogen status. Fertil. Steril.
57, 464.
Hogg, N. (1991). An integrin overview. Chem. Immunol. 50, 1-12.
Holdstock, G., Chastenay, B.F., and Krawitt, E.L. (1982). Effects of testosterone,
oestradiol and progesterone on immune regulation. Clin. Exp. Immunol. 4 7 ,449-456.
Hollenberg, S.M., Weinberger, C., Ong, E.S., Cerelli, G., Oro, A., Lebo, R.,
Thompson, E.B., Rosenfeld, M.G., and Evans, R.M. (1985). Primary structure and
expression of a functional glucocorticoid receptor cDNA. Nature 318, 635-641.
Holmdahl, R., Carlsten, H., Jansson, L., and Larsson, P. (1989). Oestrogen is a
potent immunomodulator of murine experimental rheumatoid disease. Br. J.
Rheumatol. 28 (suppl.l), 54-58.
Holmdahl, R., Jansson, L., and Andersson, M. (1986). Female sex hormones
suppress development of collagen-induced arthritis in mice. Arthritis Rheum. 29,15011509.
Holmdahl, R., Jansson, L., Andersson, M., and Jonsson, R. (1992). Genetic,
hormonal and behavioural influence on spontaneously developing arthritis in normal
mice. Clin. Exp. Immunol. 88, 467-472.
Hopkins, S.j., Humphreys, M., and Jayson, M.I.V. (1988). Cytokines in synovial
fluid. I. The presence of biologically active and immunoreactive IL-1. Clin. Exp.
Immunol. 72, 422-427.

214
Hsu, C-Y.J. and Frankel, F.R. (1987). Effect of estrogen on the expression of
mRNAs of different actin isoforms in immature rat uterus. J. Biol. Chem. 262,95949600.
Huygen, K. and Palfliet, K. (1984). Strain variation in interferon y production of
BCG-sensitized mice challenged with PPD. Cell. Immunol. 55,75-81.
Hynes, R.O. (1992). Integrins: versatility, modulation, and signalling in cell adhesion.
Cell 69, 11-25.
Ikegami, A., Inoue, S., Hosoi, T., Mizuno, T., Nakamura, T., Ouchi, Y., and Orimo,
H. (1993). Immunohistochemical detection and Northern blot analysis of estrogen
receptor in osteoblastic cells. J. Bone Miner. Res. 5,1103-1109.
Inoue, S., Kondo, S., Hashimoto, M., Kondo, T., and Muramatsu, M. (1991).
Isolation of estrogen receptor-binding sites in human genomic DNA. Nucleic Acids
Res. 79, 4091-4096.
Ivanyi, P., Hampl, R., Starka, L., and Mickova, M. (1972). Genetic association
between H-2 gene and testosterone metabolism in mice. Nature New Biol. 235, 280281.
Jacob, C.O. (1992). Tumor necrosis factor a in autoimmunity: pretty girl or old witch?
Immunol. Today 73, 122-125.
Jansson, G. (1991). Oestrogen-induced enhancement of myeloperoxidase activity in
human polymorphonuclear leukocytes - a possible cause of oxidative stress in
inflammatory cells . Free Rad. Res. Commun. 74,195-208.
Jansson, L. and Holmdahl, R. (1992). Oestrogen-induced suppression of collagen
arthritis: 17p-oestradiol is therapeutically active in normal and castrated FI hybrid mice
of both sexes. Clin. Exp. Immunol. 59, 446-451.
Jara, L.J., Lavalle, C., Fraga, A., Gomez-Sanchez, C., Silveira, L.H., MartinezOsuna, P., Germain, B.F., and Espinoza, L.R. (1991). Prolactin, immunoregulation,
and autoimmune diseases. Semin. Arthritis Rheum. 20, 273-284.
Jara-Quezada, L., Graef, A., and Lavalle, C. (1991). Prolactin and gonadal hormones
during pregnancy in systemic lupus erythematosus. J. Rheumatol. 18, 349-353.
Jeng, M-C. and Jordan, V.C. (1991). Growth stimulation and differential regulation of
transforming growth factor-pi (TGFpl), TGFp2, and TGFp3 messenger RNA levels
by norethindrone in MCF-7 human breast cancer cells. Mol. Endocrinol. 5, 11201128.
Jensen, E.V., Suzuki, T., Kawashima, T., Stumpf, W.E., Jungblut, P.W., and
DeSombre, E.R. (1968). A two-step mechanism for the interaction of estradiol with rat
uterus. Proc. Natl. Acad. Sci. USA 59, 632-638.
Jilka, R.L., Hangoc, G., Girasole, G., Passeri, G., Williams, D.C., Abrams, J.S.,
Boyce, B., Broxmeyer, H., and Manolagas, S.C. (1992). Increased osteoclast
development after estrogen loss: mediation by interleukin-6. Science 257, 88-91.
Julkunen, H.A. (1991). Oral contraceptives in sytemic lupus erythematosus: sideeffects and influence on the activity of SLE. Scand. J. Rheumatol. 2 0 ,427-433.

215
Jungers, P., Dougados, M., Pelissier, C., Kuttenn, F., Tron, F., Lesvre, P., and
Bach, J-F. (1982). Influence of oral contraceptive therapy on the activity of systemic
lupus erythematosus. Arthritis Rheum. 25, 618-623.
Kalman, B., Olsson, O., Link, H., and Kam-Hansen, S. (1989). Estradiol potentiates
poke-weed mitogen-induced B cell stimulation in multiple sclerosis and healthy
subjects. Acta Neurol. Scand. 79, 340-346.
Katzenellenbogen, B.S., Kendra, K.L., Norman, M.J., and Berthois, Y. (1987).
Proliferation, hormonal responsiveness, and estrogen receptor content of MCF-7
human breast cancer cells grown in the short-term and long-term absence of estrogens.
Cancer Res. 47, 4355-4360.
Keeting, P.E., Dugowson, C., Voigt, L., Bley, L., Nelson, J.L., Daling, J.,
Setterholm, D., Stephens, C., Ure, C., Ballard, J., and Peterson, A. (1989).
Preliminary findings from a case-control study of the risk of rheumatoid arthritis in
relation to oral contraceptive use. Br. J. Rheumatol. 28 (suppl.l), 41.
Kehrl, J.H., Wakefield, L.M., Roberts, A.B., Jakowlew, S., Alvarez-Mon, M.,
Derynck, R., Spom, M.B., and Fauci, A.S. (1986). Production of transforming
growth factor p by human T lymphocytes and its potential role in the regulation of T cell
growth. J. Exp. Med. 163, 1037-1050.
Keydar, L., Chen, L., Karby, S., Weiss, F.R., Delarea, J., Radu, M., Chaitcik, S.,
and Brenner, H.J. (1979). Establishment and characterization of a cell line of human
breast carcinoma origin. Eur. J. Cancer 15, 659-670.
Kimble, R.B., Vannice, J.L., Bloedow, D.C., Thompson, R.C., and Pacifici, R.
(1992). Infusion of IL-1 receptor antagonist prevents bone loss in ovariectomised rats.
J. Bone Miner. Res. 7 (suppl.l), SI 16.(Abstract)
Kind, F.A. and Ciaccio, L.A. (1980). Suppression of immune responses by
progesterone. Endocrinol. Exp. 14, 27-33.
King, R.J.B. (1992). Effects of steroid hormones and related compounds on gene
transcription. Clin. Endocrinol. 36, 1-14.
King, R.J.B. and Greene, G.L. (1984). Monoclonal antibodies localise oestrogen
receptor in the nuclei of target cells. Nature 307, 745-747.
Klein-Hitpass, L., Kaling, M., and Ryffel, G.U. (1988). Synergism of closely
adjacent estrogen-responsive elements increases their regulatory potential. J. Mol. Biol.
201, 537-544.
Klimpel, G.R., Byus, C.V., Russell, D.H., and Lucas, D.O. (1979). Cyclic AMPdependent protein kinase activation and the induction of ornithine decarboxylase during
lymphocyte activation . J. Immunol. 123, 817-824.
Klock, G., Strahle, U., and Schutz, G. (1987). Oestrogen and glucocorticoid
responsive elements are closely related but distinct. Nature 329,734-736.
Koepsell, T., Dugowson, C., Voigt, L., Bley, L., Nelson, J.L., Daling, J.,
Setterholm, D., Stephens, C., Ure, C., Ballard, J., and Peterson, A. (1989).
Preliminary findings from a case-control study of the risk of rheumatoid arthritis in
relation to oral contraceptive use. Br. J. Rheumatol. 28 (suppl.l), 41.

216
Komm, B.S., Terpening, C.M., Benz, D.J., Graeme, K.A., Gallegos, A., Korc, M.,
Greene, G.L., O'Malley, B.W., and Haussler, M.R. (1988). Estrogen binding,
receptor mRNA, and biologic response in osteoblast-like osteosarcoma cells. Science
241, 81-83.
Komberg, L. and Juliano, R.L. (1992). Signal transduction from the extracellular
matrix: the integrin-tyrosine connection. Trends Pharmacol. Sci. 13,93-95.
Kovacs, W.J. and Olsen, N.J. (1987). Androgen receptors in human thymocytes. J.
Immunol. 739, 490-493.
Krzesicki, R.F., Fleming, W.E., Winterrowd, G.E., Hatfield, C.A., Sanders, M.E.,
and Chin, J.E. (1991). T lymphocyte adhesion to human synovial fibroblasts. Arthritis
Rheum. 34, 1245-1253.
Kumar, V. and Chambon, P. (1988). The estrogen receptor binds tightly to its
responsive element as a ligand-induced homodimer. Cell 55,145-156.
Kumar, V., Green, S., Stack, G., Berry, M., Jin, J-R., and Chambon, P. (1987).
Functional domains of the estrogen receptor. Cell 57,941-951.
Kumar, V., Green, S., Staub, A., and Chambon, P. (1986). Localisation of the
oestradiol-binding and putative DNA-binding domains of the human oestrogen
receptor. EMBO J. 5, 2231-2236.
Kuruvilla, A.P., Shah, R., Hochwald, G.M., Liggit, H.D., Palladino, M.A., and
Thorbecke, G.J. (1991). Protective effect of transforming growth factor pi on
experimental autoimmune diseases in mice. Proc. Natl. Acad. Sci. USA 88,29182921.
Lahita, R.G. (1985). Sex steroids and the rheumatic diseases. Arthritis Rheum. 28,
121-126.
Lahita, R.G. (1990). Sex hormones and the immune system - part 1. Human data.
Balliere's Clin. Rheumatol. 4, 1-12.
Lahita, R.G. (1992). The effects of sex hormones on the immune system in pregnancy.
Am. J. Reprod. Immunol. 28, 136-137.
Lahita, R.G., Bradlow, L., Fishman, J., and Kunkel, H.G. (1982). Estrogen
metabolism in systemic lupus erythematosus. Arthritis Rheum. 25, 843-846.
Lahita, R.G., Kunkel, H.G., and Bradlow, H.L. (1983). Increased oxidation of
testosterone in systemic lupus erythematosus. Arthritis Rheum. 26, 1517-1521.
Lannigan, D.A. and Notides, A.C. (1989). Estrogen receptor selectively binds the
"coding strand" of an estrogen responsive element. Proc. Natl. Acad. Sci. USA 86,
863-867.
Larsson, P., Goldshmidt, T.J., Klareskog, L., and Holmdahl, R. (1989). Oestrogenmediated suppression of collagen-induced arthritis in rats. Scand. J. Immunol. 30,
741-747.
Larsson, P. and Holmdahl, R. (1987). Oestrogen-induced suppression of collagen
arthritis. II Treatment of rats suppresses development of arthritis but does not affect the
anti-type II collagen humoral response. Scand. J. Immunol. 26, 579-583.

217

Latman, N.S. (1983). Relation of menstrual cycle phase to symptoms of rheumatoid
arthritis. Am. J. Med. 74, 957-960.
Lavalle, C., Loyo, E., Paniagua, R., Bermudez, J.A., Herrera, J., Graef, A.,
Gonzalez-Barcena, D., and Fraga, A. (1987). Correlation study between prolactin and
androgens in male patients with systemic lupus erythematosus. J. Rheumatol. 14, 268272.
Lichtman, M.A., Vaughan, J.H., and Hames, C.G. (1967). The distribution of serum
immunoglobulins, anti-y-G globulins ("rheumatoid factors") and antinuclear antibodies
in white and negro subjects in Evans County, Georgia. Arthritis Rheum. 10, 204-215.
Lillehoj, H.S., Beisel, K., and Rose, N.R. (1985). Genetic factors controlling the
susceptibility to experimental autoimmune thyroiditis in inbred rat strains. J. Immunol.
260, 2515-2526.
Limb, G.A., Hamblin, A.S., Wolstencroft, R.A., and Dumonde, D.C. (1992). Rapid
cytokine up-regulation of integrins, complement receptor I and HLA-DR on monocytes
but not lymphocytes. Immunology 77, 88-94.
Lindsay, R. (1991). Estrogens, bone mass, and osteoporotic fracture. Am. J. Med. 91
(suppl.5B), 10S-13S.
Linkhart, T.A., Linkhart, S.G., MacCharles, D.C., Long, D.L., and Strong, D.D.
(1991). Interleukin-6 messenger RNA expression and interleukin-6 protein secretion in
cells isolated from normal human bone: regulation by interleukin-1. J. Bone Miner.
Res. 6, 1285-1294.
Liotta, L.A. (1986). Tumor invasion and metastasis: role of the extracellular matrix.
Cancer Res. 46, 1-7.
Littlewood, A.J., Aarden, L.A., Evans, D.B., Russell, R.G.G., and Gowen, M.
(1991). Human osteoblastlike cells do not respond to interleukin-6. J. Bone Miner.
Res. 6, 141-147.
Liu, C.C., Chen, S.H., Armstrong, R.J., and Zhang, M. (1992). Estrogen receptor:
its DNA and mRNA amplification by PCR. J. Bone Miner. Res. 7 (suppl.l),
S140. (Abstract)
Liu, S.C., Sanfilippo, B., Perroteau, I., Derynck, R., Salomon, D.S., and Kidwell,
W.R. (1987). Expression of TGFa in differentiated rat mammary tumors: estrogen
induction of TGFa production. Mol. Endocrinol. 1, 683-692.
Lotz, M., Kekow, J., and Carson, D.A. (1990). Transforming growth factor-p and
cellular immune responses in synovial fluids. J. Immunol. 144, 4189-4194.
Lu, C.Y., Changelian, P.S., and Unanue, E.R. (1984). a-Fetoprotein inhibits
macrophage expression of la antigens. J. Immunol. 132, 1722-1727.
Luster, M.I., Hayes, H.T., Korach, K., Tucker, A.N., Dean, J.H., Greenlee, W.F.,
and Boorman, G.A. (1984). Estrogen immunosuppression is regulated through
estrogenic responses in the thymus. J. Immunol. 133, 110-116.
Mader, S., Kumar, V., de Vemeuil, H., and Chambon, P. (1989). Three amino acids
of the oestrogen receptor are essential to its ability to distinguish an oestrogen- from a
glucocorticoid- responsive element. Nature 338, 271-274.

218
Madisen, L., Webb, N.R., Rose, T.M., Marquardt, H., Ikeda, T., Twardzik, D.,
Seydin, S., and Purchio, A.F. (1988). Transforming growth factor-p2: cDNA cloning
and sequence analysis. DNA 7, 1-8.
Marguerie, G , David, J., So, A.K., and Walport, M J. (1990). A pilot study
comparing bromocriptine with D-penicillamine in the treatment of rheumatoid arthritis.
Br. J. Rheumatol. 29 (suppl.2), 7.(Abstract)
Martinez-Campos, A., Hernandez, R.P., Forsbach, G., and Barrera-Saldana, H.A.
(1991). The stimulatory effect of estradiol 17-p on prolactin mRNA is inhibited by anti
calmodulin drugs. Life Sci. 48, 2475-2485.
Mason, J.C., Kapahi, P., and Haskard, D.O. (1993). Detection of increased levels of
circulating intracellular adhesion molecule 1 in some patients with rheumatoid arthritis
but not in patients with systemic lupus erythematosus. Arthritis Rheum. 36, 519-527.
Massague, J. (1990). The transforming growth factor-p family. Annu. Rev. Cell Biol.
6, 597-641.
Mattson, R., Mattson, A., Holmdahl, R., Whyte, A., and Rooks, G.A.W. (1991).
Maintained pregnancy levels of oestrogen afford complete protection from post-partum
exacerbation of collagen-induced arthritis. Clin. Exp. Immunol. 85, 41-47.
Maurer, R.A. and Notides, A.C. (1987). Identification of an estrogen-responsive
element from the 5'-flanking region of the rat prolactin gene. Mol. Cell. Biol. 7, 42474254.
McCarthy, D.A., Bemhagen, J., Taylor, M.J., Hamblin, A.S., James, I., Thompson,
P.W., and Perry, J.D. (1992). Morphological evidence that activated polymorphs
circulate in the peripheral blood of patients with rheumatoid arthritis. Ann. Rheum. Dis.
51, 13-18.
McGill, P.E. and Brougham, P.A. (1990). Sex, hormones and rheumatoid arthritis: the
nun's story. Br. J. Rheumatol. 29, 159.
McHugh, N.J. (1990). Pregnancy loss, menopause, and the onset of rheumatoid
arthritis. Ann. Rheum. Dis. 49, 817-821.
McMichael, A. and McDevitt, H. (1977). The association between the HLA system and
disease. Prog. Med. Genet. 2, 39-100.
McMurray, R.W., Keisler, D., and Walker, S.E. (1991). Hyperprolactinaemia
(hyperPR) accelerates disease activity in the male NZB/W mouse model of SLE.
Arthritis Rheum. 34 (suppl.), S163.(Abstract)
Medhora, M.M., Alvarez, J., Chappel, J., Ross, F.P., Teitelbaum, S., and Hruska,
K. (1991). Estrogen opposes l,25(OH)2D3-induced upregulation of aV integrin
subunit mRNA by osteoclast precursors. J. Bone Miner. Res. 6 (suppl.l),
S298.(Abstract)
Medici, N., Nigro, V., Abbondanza, C., Moncharmont, B., Molinari, A.M., and
Puca, G.A. (1991). In vitro binding of the purified hormone-binding subunit of the
estrogen receptor to oligonucleotides containing natural or modified sequences of an
estrogen -responsive element. Mol. Endocrinol. 5, 555-563.
Mendelsohn, J., Multer, M.M., and Bernheim, J.L. (1977). Inhibition of human
lymphocyte stimulation by steroid hormones: cytokinetic mechanisms. Clin. Exp.
Immunol. 27, 127-134.

219
Minami, Y., Kono, T., Miyazaki, T., and Taniguchi, T. (1993). The IL-2 receptor
complex: its structure, function, and target genes. Annu. Rev. Immunol. 11, 245-267.
Miossec, P., Elhamiani, M., Edmonds-Alt, X., Sany, J., and Him, M. (1990).
Functional studies of soluble low-affinity interleukin-2 receptors in rheumatoid
synovial fluid. Arthritis Rheum. 33, 1688-1694.
Miossec, P., Kashiwado, T., and Ziff, M. (1987). Inhibitor of interleukin-2 in
rheumatoid synovial fluid. Arthritis Rheum. 3 0 ,121-129.
Mizuno, Y., Hosoi, T., Ikegami, A., Inoue, S., Nakemura, T., Ouchi, Y., and Omrio,
H. (1992). Immunohistochemical identification of estrogen receptor in osteoblast-like
cell lines and mouse osteoclast-like multinucleated cells. J. Bone Miner. Res. 7
(suppl.l), S269.(Abstract)
Montgomery, D.W., Zukoski, C.F., Shah, G.N., Buckley, A.R., Pacholczyk, T.,
and Russell, D.H. (1987). Concanavalin A-stimulated murine splenocytes produce a
factor with prolactin-like bioactivity and immunoreactivity. Biochem. Biophys. Res.
Commun. 145, 692-698.
Morale, M.C., Batticane, N., Bartoloni, G., Guarcello, V., Farinella, Z., Galasson,
M.G., and Marchetti, B. (1991). Blockade of central and peripheral luteinizing
hormone-releasing hormone (LHRH) receptors in neonatal rats with a potent LHRHantagonist inhibits the morphofunctional development of the thymus and maturation of
the cell-mediated and humoral immune responses. Endocrinology 128, 1073-1085.
Morgan, D.A., Ruscetti, F.W., and Gallo, R. (1976). Selective in vitro growth of T
lymphocytes from normal human bone marrows. Science 193,1007-1008.
Morzycki, W. and Issekutz, A.C. (1991). Tumor necrosis factor-alpha but not
interleukin-1 induces polymorphonuclear leukocyte migration through fibroblast layers
by a fibroblast-dependent mechanism. Immunology 74, 107-113.
Muchmore, A.V. and Decker, J.M. (1985). Uromodulin: a unique 85-kilodalton
immunsuppressive glycoprotein isolated from urine of pregnant women. Science 229,
479-481.
Mukherjee, P., Mastro, A.M., and Hymer, W.C. (1990). Prolactin induction of
interleuian-2 receptors on rat splenic lymphocytes. Endocrinology 126, 88-94.
Mund, A., Simson, J., and Rothfield, N. (1963). Effect of pregnancy on course of
systemic lupus erythematosus. J. Am. Med. Assoc. 183, 917-920.
Murphy, C.S., Pink, J.J., and Jordan, V.C. (1990). Characterisation of a receptornegative, hormone-nonresponsive clone derived from a T47D human breast cancer cell
line kept under estrogen-free conditions. Cancer Res. 50, 7285-7292.
Murphy, E.D. and Roths, J.B. (1979). A Y chromosome associated factor in strain
BXSB producing accelerated autoimmunity and lymphoproliferation. Arthritis Rheum.
22, 1188-1193.
Musso, T., Espinoza-Delgado, I., Pulkki, K., Gusella, G.L., Longo, D.L., and
Varesio, L. (1992). IL-2 induces IL-6 production in human monocytes. J. Immunol.
148, 795-800.
Myers, M.J. and Peterson, B.H. (1985). Estradiol induced alterations of the immune
system - 1. Enhancement of IgM production . Int. J. Immunopharmacol. 7, 207-213.

220
Nagy, E., Berczi, I., and Friesen, H.G. (1983). Regulation of immunity in rats by
lactogenic and growth hormones. Acta Endocrinol. 102, 351-357.
Nagy, E., Berczi, I., and Wren, G. (1983). Immunomodulation by bromocriptine.
Immunopharmacology 6, 231-243.
Nagy, E., Chalmers, I.M., Baragar, F.D., Friesen, H.G., and Berczi, I. (1991).
Prolactin deficiency in rheumatoid arthritis. J. Rheumatol. 1 8 ,1662-1668.
Nelson, J.L., Hughes, K.A., Smith, A.G., Nisperos, B.B., Branchaud, A.M., and
Hansen, J.A. (1992). Remission of rheumatoid arthritis during pregnancy and
maternal-fetal class II alloantigen disparity. Am. J. Reprod. Immunol. 28, 226-227.
Nelson, J.L., Hughes, K.A., Smith, A.G., Nisperos, B.B., Branchaud, A.M., and
Hansen, J.A. (1993). Maternal-fetal disparity in HLA class II alloantigens and the
pregnancy-induced amelioration of rheumatoid arthritis. New Eng. J. Med. 329,466471.
Nelson, L.M., Kimzey, L.M., Merriam, G.R., and Fleisher, T.A. (1991). Increased
peripheral T lymphocyte activation in patients with karotypically normal spontaneous
premature ovarian failure. Fertil. Steril. 55, 1082-1087.
New, M.I., ed. (1985). Congenital adrenal hyperplasia. Ann. N.Y. Acad. Sci. 458, 1290.
Nicholas, N.S. and Panayi, G.S. (1988). Rheumatoid arthritis and pregnancy. Clin.
Exp. Rheumatol. 6, 179-182.
Nietfeld, J.J., Wilbrink, B., Helle, M., van Roy, J.L.A.M., den Otter, W., Swaak,
A.J.G., and Huber-Bruning, O. (1990). Interleukin-1-induced interleukin-6 is required
for the inhibition of proteoglycan synthesis by interleukin-1 in human articular
cartilage. Arthritis Rheum. 33, 1695-1701.
Nikkari, L., Aho, H., Yli-Jama, T., Larjava, H., Jalkanen, M., and Heino, J. (1993).
Expression of integrin family of cell adhesion receptors in rheumatoid synovium: a6
integrin subunit in normal and hyperplastic synovial lining cell layer. Am. J. Pathol.
142, 1019-1027.
Noda, S. and Camilliere, J.J. (1989). In vivo stimulation of bone formation by
transforming growth factor-p. Endocrinology 124, 2991-2994.
Nouri, A.M.E., Panayi, G.S., and Goodman, S.M. (1984). Cytokines and the chronic
inflammation of rheumatic disease. I. The presence of interleukin-1 in synovial fluids.
Clin. Exp. Immunol. 55, 295-302.
Novotny, E.A., Raveche, E.S., Sharrow, S., Ottinger, M., and Steinberg, A.D.
(1983). Analysis of thymocyte subpopulations following treatment with sex hormones.
Clin. Immunol. Immunopathol. 28, 205-217.
Oppenheimer-Marks, N., Davis, L.S., Tompkins, B., Ramberg, J., and Lipsky, P.E.
(1991). Differential utilization of ICAM-1 and VCAM-1 during the adhesion and
transendothelial migration of human T lymphocytes. J. Immunol. 147, 2913-2921.
Ortaldo, J.R., Mason, A.T., O'Shea, J.J., Smyth, M.J., Falk, L.A., Kennedy,
I.C.S., Longo, D.L., and Ruscetti, F.W. (1991). Mechanistic studies of transforming
growth factor-p inhibition of IL-2-dependent activation of CD3- large granular
lymphocyte functions. J. Immunol. 146, 3791-3798.

221
Ostensen, M., Aune, B., and Husby, G. (1983). Effect of pregnancy and hormonal
changes on the activity of rheumatoid athritis. Scand. J. Rheumatol. 72, 69-72.
Oursler, M.J., Cortese, C., Keeting, P., Anderson, M.A., Bonde, S.K., Riggs, B.L.,
and Spelsberg, T.C. (1991). Modulation of transforming growth factor-p production in
normal human osteoblast-like cells by 17p-estradiol and parathyroid hormone.
Endocrinology 729, 3313-3320.
Paavonen, T., Andersson, L.C., and Adlercreutz, H. (1981). Sex hormone regulation
of in vitro immune response: estradiol enhances human B cell maturation via inhibition
of suppressor T cells in pokeweed mitogen-stimulated cultures. J. Exp. Med. 754,
1935-1945.
Pacifici, R., Brown, C., Puscheck, E., Friedrich, E., Slatopolsky, E., Maggio, D.,
McCracken, R., and Avioli, L.V. (1991). Effect of surgical menopause and estrogen
replacement on cytokine release from human blood mononuclear cells. Proc. Natl.
Acad. Sci. USA 88, 5134-5138.
Pacifici, R., Basilico, C., Roman, J., Zutter, M.M., Santoro, S.A., and McCracken,
R. (1992). Collagen-induced release of interleukin 1 from human blood mononuclear
cells. J. Clin. Invest. 89, 61-67.
Pacifici, R., Carano, A., Santoro, S.A., Rifas, L., Jeffrey, J.J., Malone, J.D.,
McCracken, R., and Avioli, L.V. (1991). Bone matrix constituents stimulate
interleukin-1 release from human blood mononuclear cells. J. Clin. Invest. 87, 221228.
Pacifici, R., Rifas, L., McCracken, R., Vered, I., McMurtry, C., Avioli, L.V., and
Peek, W.A. (1989). Ovarian steroid treatment blocks a postmenopausal increase in
blood monocyte interleukin 1 release. Proc. Natl. Acad. Sci. USA 8 6 ,2398-2402.
Pacifici, R., Vannice, J.L., Rifas, L., Stark, R., and Kimble, R. (1992). Inadequate
monocyte secretion of IL-1 receptor antagonist in postmenopausal osteoporosis. J.
Bone Miner. Res. 7 (suppl.l), SI 14.(Abstract)
Palladino, M.A., Morris, R.E., Starnes, H.F., and Levinson, A.D. (1990). The
transforming growth factor-betas. A new family of immunoregulatory molecules. Ann.
N.Y. Acad. Sci. 593, 181-187.
Panayi, G.S. (1990). Cytokines and anticytokines. Clin. Exp. Rheumatol. 8 (supplS),
65-66.
Panayi, G.S. (1993). The immunopathogenesis of rheumatoid arthritis. Br. J.
Rheumatol. 32 (suppl.l), 4-14.
Panayi, G.S., Wooley, P., and Batchelor, J.R. (1978). Genetic basis of rheumatoid
disease: HLA antigens, disease manifestations, and toxic reactions to drugs. Br. Med.
J. 2, 1326-1328.
Parker, M.G. (1990). Mechanisms of action of steroid receptors in the regulation of
gene transcription. J. Reprod. Fertil. 88, 717-720.
Pensler, J.M., Radosevich, J.A., Higbee, R., and Langman, C.B. (1990). Osteoclasts
isolated from membranous bone in children exhibit nuclear estrogen and progesterone
receptors. J. Bone Miner. Res. 5, 797-802.
Persellin, R.H. and Leibfarth, J.K. (1978). Studies of the effects of pregnancy serum
on polymorphonuclear leukocyte functions. Arthritis Rheum. 27, 316-325.

222
Persellin, R.H. and Rhodes, J. (1981). Inhibition of human monocyte Fc receptor and
HLA-DR antigen expression by pregnancy alpha-2 glycoprotein. Clin. Exp. Immunol.
46, 350-354.
Pettipher, E.R., Higgs, G.A., and Henderson, B. (1986). Interleukin 1 induces
leukocyte infiltration and cartilage proteoglycan degradation in the synovial joint. Proc.
Natl. Acad. Sci. USA 83, 8749-8753.
Picard, D., Khursheed, B., Garabedian, M.J., Fortin, M.G., Lindquist, S., and
Yamamoto, K.R. (1990). Reduced levels of hsp90 compromise steroid receptor action
in vivo. Nature 348, 166-168.
Picard, D., Kumar, V., Chambon, P., and Yamamoto, K.R. (1990). Signal
transduction by steroid hormones: nuclear localisation is differentially regulated in
estrogen and glucocorticoid receptors. Cell Regul. 1, 291-299.
Picard, D., Salser, S.J., and Yamamoto, K.R. (1988). A movable and regulable
inactivation function within the steroid binding domain of the glucocorticoid receptor.
Cell 54, 1073-1080.
Piechaczyk, M., Blanchard, J.M., Marty, L., Dani, C., Panabieres, F., Sabouty,
S.E., Fort, P., and Jeanteus, P. (1984). Post-transcriptional regulation of
glyceraldehyde-3-phosphate dehydrogenase gene expression in rat tissues. Nucleic
Acids Res. 12, 6951-6956.
Piela, T.H. and Korn, J.H. (1988). Lymphocyte-fibroblast adhesion induced by
interferon-y. Cell. Immunol. 114, 149-160.
Pignatelli, M., Cardillo, M.R., Hanby, A., and Stamp, G.W.H. (1992). Integrins and
their accessory adhesion molecules in mammary carcinomas: loss of polarization in
poorly differentiated tumors. Hum. Pathol. 23, 1159-1166.
Pioli, G., Basini, G., Pedrazzoni, M., Musetti, G., Ulietti, V., Bresciani, D., Villa,
P., Bacchi, A., Hughes, D., Russell, G., and Passeri, M. (1992). Spontaneous release
of inteleukin-1 and inteleukin-6 by peripheral blood mononuclear cells after
oophorectomy. Clin. Sci. 83, 503-507.
Pitzalis, C., Kingsley, G.H., Covelli, M., Meliconi, R., Markey, A., and Panayi,
G.S. (1991). Selective migration of the human helper-inducer memory T cell subset:
confirmation by in vivo cellular kinetic studies. Eur. J. Immunol. 21, 369-376.
Plater-Zyberk, C., Brown, C.M.S., Andrew, E.M., and Maini, R.N. (1992). CD5+ B
cells in rheumatoid arthritis. Ann. N.Y. Acad. Sci. 651, 540-550.
Pober, J.S. and Cotran, R.S. (1990). Cytokines and endothelial cell biology. Physiol.
Rev. 70, 427-451.
Polan, M.L., Daniele, A., and Kuo, A. (1988). Gonadal steroids modulate human
monocyte interleukin-1 (IL-1) activity. Fertil. Steril. 4 9 ,964-968.
Polan, M.L., Loukides, J., Nelson, P., Carding, S., Diamond, M., Walsh, A., and
Bottomly, K. (1989). Progesterone and estradiol modulate interleukin-lp messenger
ribonucleic acid levels in cultured human peripheral monocytes. J. Clin. Endocrinol.
Metab. 69, 1200-1206.
Pope, R.M., Yoshinoya, S., Rutstein, J., and Persellin, R.H. (1983). Effect of
pregnancy on immune complexes and rheumatoid factors in patients with rheumatoid
arthritis. Am. J. Med. 74, 973-979.

223
Postigo, A.A., Garcia-Vicuna, R., Diaz-Gonzalez, F., Arroyo, A.G., De Landazuri,
M.O., Chi-Rosso, G., Lobb, R.R., Laffon, A., and Sanchez-Madrid, F. (1992).
Increased binding of synovial T lymphocytes from rheumatoid arthritis to endothelialleukocyte adhesion molecule-1 (ELAM-1) and vascular cell adhesion molecule-1
(VCAM-1). J. Clin. Invest. 89, 1445-1452.
Pottratz, S., Bellido, T., Mocharia, H., Girasole, G., Jilka, R., Manolagas, S., and
Crabb, D. (1992). 17|3-estradiol inhibits stimulated transcription from the human IL-6
promoter in transfected HeLa cells and murine bone marrow stromal cells. J. Bone
Miner. Res. 7 (suppl.l), S I26.(Abstract)
Pritchard, M.H. (1992). An examination of the role of female hormones and pregnancy
as risk factors for rheumatoid arthritis, using a male population as a control group. Br.
J. Rheumatol. 31, 395-399.
Pun, T-C. and Ho, P-C. (1990). Hormone activity and autoimmune function. Am. J.
Obstet. Gynecol. 162, 866-867.
Puri, H., Campbell, R.A., Puri, V., Harner, M.H., Talwalker, Y.B., Musgrave, J.E.,
Bartos, F., Bartos, D., and Loggan, B. (1978). Serum-free polyamines in children
with systemic lupus erythematosus. Adv. Polyamine Res. 2, 359-367.
Radovick, S., Ticknor, C.M., Nakayama, Y., Notides, A.C., Rahman, A.,
Weintraub, B.D., Cutler, G.B., and Wondisford, F.E. (1991). Evidence for direct
estrogen regulation of the human gonadotropin-releasing hormone gene. J. Clin.
Invest. 88, 1649-1655.
Ralston, S.H., Russell, R.G.G., and Gowen, M. (1990). Estrogen inhibits release of
tumor necrosis factor from peripheral blood mononuclear cells in postmenopausal
women. J. Bone Miner. Res. 5, 983-988.
Ramachandran, C., Catelli, M.G., Schneider, W., and Shyamala, G. (1988).
Estrogenic regulation of uterine 90-kilodalton heat shock protein. Endocrinology 123,
956-961.
Raveche, E.S., Tjio, J.H., Boegel, W., and Steinberg, A.D. (1979). Studies of the
effects of sex hormones on autosomal and X-linked genetic control of induced and
spontaneous antibody production. Arthritis Rheum. 22, 1177-1187.
Reiter, C., Kakavand, B., Reiber, E.P., Schattenkirchner, M., Reithmuller, G., and
Kruger, K. (1991). Treatment of rheumatoid arthritis with monoclonal CD4 antibody
M-T151. Arthritis Rheum. 34, 525-535.
Rifas, L., Kenney, J.S., Pacifici, R., and Avioli, L.V. (1992). Cytokine induction of
IL-6 can be regulated by estrogen in human osteoblasts but not in bone marrow stromal
cells . J. Bone Miner. Res. 7 (suppl.l), S210.(Abstract)
Robb, R.J., Greene, W.C., and Rusk, C.M. (1984). Low and high affinity cellular
receptors for interleukin 2. J. Exp. Med. 160, 1126-1146.
Rodriguez, R.M., Pitzalis, C., Kingsley, G.H., Henderson, E., Humphries, M.J.,
and Panayi, G.S. (1992). T lymphocyte adhesion to fibronectin (FN): a possible
mechanism for T cell accumulation within the rheumatoid joint. Clin. Exp. Immunol.
89, 439-445.
Romieu, I., Hernandez-Avila, M., and Liang, M.H. (1989). Oral contraceptives and
the risk of rheumatoid arthritis: a meta-analysis of a conflicting literature. Br. J.
Rheumatol. 28 (suppl.l), 13-17.

224

Rories, C. and Spelsberg, T.C. (1989). Ovarian steroid action on gene expression:
mechanisms and models. Annu. Rev. Physiol. 51, 653-681.
Rose, E. and Pillsbury, D.M. (1944). Lupus erythematosus (erythematodes) and
ovarian function: observations on a possible relationship, with report of six cases. Ann.
Intern. Med. 21, 1022-1034.
Roubinian, J.R., Talal, N., Greenspan, J.S., Goodman, J.R., and Siiteri, P.K.
(1978). Effect of castration and sex hormone treatment on survival, anti-nucleic acid
antibodies, and glomerulonephritis in NZB/NZW FI mice. J. Exp. Med. 147, 15681583.
Roubinian, J.R., Talal, N., Greenspan, J.S., Goodman, J.R., and Siiteri, P.K.
(1979). Delayed androgen treatment prolongs survival in murine lupus. J. Clin. Invest.
63, 902-911.
Roubinian, J.R., Talal, N., Siiteri, P.K., and Sadakian, J.A. (1979). Sex hormone
modulation of autoimmunity in NZB/NZW mice. Arthritis Rheum. 22, 1162-1169.
Royal College of General Practitioners' Oral Contraception Study. (1978). Reduction
in incidence of rheumatoid arthritis associated with oral contraceptives. Lancet i, 569571.
Rudge, S.R., Kowanko, I.C., and Drury, P.L. (1983). Menstrual cyclicity of finger
joint size and grip strength in patients with rheumatoid arthritis. Ann. Rheum. Dis. 42,
425-430.
Russell, D.H. (1987). Prolactin-dependent mitogenesis in Nb 2 node lymphoma cells:
effects of immunosuppressive cyclopeptides. J. Immunol. 138, 276-284.
Russell, D.H. (1989). New aspects of prolactin and immunity: a lymphocyte derived
prolactin-like product and nuclear protein kinase C activation. Trends Pharmacol. Sci.
10, 40-44.
Russell, D.H., Kibler, R., Matrisian, L., Larson, D.F., Poulos, B., and Magun, B.E.
(1985). Prolactin receptors on human T and B lymphocytes: antagonism of prolactin
binding by cyclosporine. J. Immunol. 134, 3027-3031.
Russell, D.H., Larson, D.F., Cardon, S.B., and Copeland, J.G. (1984).
Cyclosporine inhibits prolactin induction of ornithine decarboxylase in rat tissues. Mol.
Cell. Endocrinol. 35, 159-166.
Russell, D.H., Matrisian, L., Kibler, R., Larson, D.F., Poulos, B., and Magun, B.E.
(1984). Prolactin receptors on human lymphocytes and their modulation by
cyclosporine. Biochem. Biophys. Res. Commun. 121, 899-906.
Sabbah, H., Gouilleux, F., Sola, B., Redeuilh, G., and Baulieu, E-E. (1991).
Structural differences between the hormone and antihormone estrogen receptor
complexes bound to the hormone response element. Proc. Natl. Acad. Sci. USA 88,
390-394.
Saiki, R.K., Gelfand, D.H., Stoffel, S., Scharf, S.J., Higuchi, R., Horn, G.T.,
Mullis, K.B., and Erlich, H.A. (1988). Primer-directed enzymatic amplification of
DNA with a thermostable DNA polymerase. Science 239,487-494.
Salter, D.M., Hughes, D.E., Simpson, R., and Gardner, D.L. (1992). Integrin
expression by human articular chondrocytes. Br. J. Rheumatol. 31, 231-234.

225
Sambrook, P.N., Eisman, J.A., Champion, G.D., and Pocock, N.A. (1988). Sex
hormone status and osteoporosis in postmenopausal women with rheumatoid arthritis.
Arthritis Rheum. 31, 973-978.
Sander, B., Andersson, J., and Andersson, U. (1991). Assessment of cytokines by
immunofluorescence and the paraformaldehyde-saponin procedure. Immunol. Rev.
779, 65-93.
Sanger, F., Nicklen, S., and Coulson, A.R. (1977). DNA sequencing with chainterminating inhibitors. Proc. Natl. Acad. Sci. USA 74, 5463-5467.
Santoli, D., Trinchieri, G., Zmijewski, C.M., and Koprowski, H. (1976). HLArelated control of spontaneous and antibody-dependent cell-mediated cytotoxic activity
in humans. J. Immunol. 777, 765-770.
Savouret, J.F., Bailly, A., Misrahi, M., Rauch, C., Redeuilh, G., Chauchereau, A.,
and Milgrom, E. (1991). Characterization of the hormone responsive element involved
in the regulation of the progesterone receptor gene. EMBO J. 10, 1875-1883.
Saxne, T., Palladino, M.A., Heingard, D., Talal, N., and Wolheim, F.A. (1988).
Detection of tumor necrosis factor a but not tumor necrosis factor (5in rheumatoid
arthritis fluid and serum. Arthritis Rheum. 31, 1041-1045.
Schlatter, L.K., Howard, K.J., Parker, M.G., and Distelhorst, C.W. (1992).
Comparison of the 90-kilodalton heat shock protein interaction with in vitro translated
glucocorticoid and estrogen receptors. Mol. Endocrinol. 6, 132-140.
Screpanti, I., Meco, D., Morrone, S., Gulino, A., Mathieson, B.J., and Frati, L.
(1991). In vivo modulation of the distribution of thymocyte subsets: effects of estrogen
on the expression of different T cell receptor Vp gene families in CD4-, CD8thymocytes. Cell. Immunol. 134, 414-426.
Seaman, W.E. and Gindhart, T.D. (1979). Effect of estrogen on natural killer cells.
Arthritis Rheum. 22, 1234-1240.
Sekiya, S., Kamiyama, M., and Takamizawa, H. (1975). Brief communication: in
vivo and in vitro tests of inhibitory effect of progesterone on cell-mediated immunity in
rats bearing a syngeneic uterine adenocarcinoma. J. Natl. Cancer Inst. 54, 769-771.
Shimizu, Y. and Shaw, S. (1991). Lymphocyte interactions with extracellular matrix.
FASEB J. 5, 2292-2299.
Shimizu, Y., Shaw, S., Graber, N., Gopal, T.V., Horgan, K.J., Van Sventer, G.A.,
and Newman, W. (1991). Activation-independent binding of human memory T cells to
adhesion molecule ELAM-1. Nature 349, 799-802.
Shimizu, Y., Van Sventer, G.A., Horgan, K.J., and Shaw, S. (1990). Regulated
expression and binding of three VLA (pi) integrin receptors on T cells. Nature 345,
250-253.
Siiteri, P.K. (1979). Sex hormone production and action. Arthritis Rheum. 22, 12841295.
Silman, A., Kay, A., and Brennan, P. (1992). Timing of pregnancy in relation to the
onset of rheumatoid arthritis. Arthritis Rheum. 35, 152-155.
Silman, A.J. (1992). Parity status and the development of rheumatoid arthritis. Am. J.
Reprod. Immunol. 28, 228-230.

226

Silman, A.J., Roman, E., Beral, V., and Brown, A. (1988). Adverse reproductive
outcomes in women who subsequently develop rheumatoid arthritis. Ann. Rheum. Dis.
47, 979-981.
Smith, P.E. (1930). The effect of hypophysectomy upon the involution of the thymus
in the rat. Anatom. Rec. 4 7 ,119-129.
Southern, E.M. (1975). Detection of specific sequences among DNA fragments
separated by gel electrophoresis. J. Mol. Biol. 98, 503-517.
Spector, T.D. (1989). Sex hormone measurements in rheumatoid arthritis. Br. J.
Rheumatol. 28 (suppl.l), 62-68.
Spector, T.D. and Campion, G.D. (1989). Generalised osteoarthritis: a hormonally
mediated disease. Ann. Rheum. Dis. 48, 523-527.
Spector, T.D. and DaSilva, J.A.P. (1992). Pregnancy and rheumatoid arthritis: an
overview. Am. J. Reprod. Immunol. 28, 222-225.
Spector, T.D. and Hochberg, M.C. (1989). The protective effect of the oral
contraceptive pill on rheumatoid arthritis: an overview of the analytical epidemiological
studies using meta-analysis. Br. J. Rheumatol. 28 (suppl.l), 11-12.
Spector, T.D., Perry, L.A., and Tubb, G. (1987). Androgen status of females with
RA. Br. J. Rheumatol. 26, 316-318.
Spector, T.D., Perry, L.A., Tubb, G., Silman, A.J., and Huskisson, E.C. (1988).
Low free testosterone levels in rheumatoid arthritis. Ann. Rheum. Dis. 4 7 ,65-68.
Spector, T.D., Roman, E., and Silman, A,J. (1990). The pill, parity, and rheumatoid
arthritis. Arthritis Rheum. 3 3 ,782-789.
Spector, T.D. and Silman, A.J. (1990). Is poor pregnancy outcome a risk factor in
rheumatoid arthritis? Ann. Rheum. Dis. 49, 12-14.
Springer, T.A. (1990). Adhesion receptors of the immune system. Nature 346, 425434.
Steinberg, A.D., Melez, K.A., Raveche, E.S., Reeves, J.P., Boegel, W.A.,
Smathers, P.A., Taurog, J.D., Weinlein, L., and Duvic, M. (1979). Approach to the
study of the role of sex hormones in autoimmunity. Arthritis Rheum. 22, 1170-1176.
Steinberg, A.D., Roths, J.B., Murphy, E.D., Steinberg, R.T., and Raveche, E.S.
(1980). Effects of thymectomy or androgen administration upon the autoimmune
disease of MRL/Mp-lpr/lpr mice. J. Immunol. 125, 871-873.
Stem, R., Fishman, J., Brusman, H., and Kunkel, H.G. (1977). Systemic lupus
erythematosus associated with Klinefelter's syndrome. Arthritis Rheum. 20, 18-22.
Stevens, A.M. and Yu-Lee, L-Y. (1991). Regulation of interferon regulatory factor-1
(IRF-1) by prolactin in lymphocytes. Arthritis Rheum. 34 (suppl.), S48.(Abstract)
Sthoeger, Z.M., Chiorazzi, N., and Lahita, R.G. (1988). Regulation of the immune
response by sex hormones: I. in vitro effects of estradiol and testosterone on pokeweed
mitogen-induced human B cell differentiation. J. Immunol. 141,91-98.

227

Stimpson, S.A., Dalldorf, F.G., Otterness, I.G., and Schwab, J.H. (1988).
Exacerbation of arthritis by IL-1 in rat joints previously injured by peptidoglycanpolysaccharide. J. Immunol. 140, 2964-2969.
Stimson, W.H. (1988). Oestrogen and human T lymphocytes: presence of specific
receptors in the T-suppressor/cytotoxic subset. Scand. J. Immunol. 28, 345-350.
Stites, D.P. and Siiteri, P.K. (1983). Steroids as immunosuppressants in pregnancy.
Immunol. Rev. 75, 119-138.
Stock, J.L., Coderre, J.A., MacDonald, B., and Rosenwasser, L J. (1989). Effects of
estrogen in vivo and in vitro on spontaneous inteleukin-1 release by monocytes from
postmenopausal women. J. Clin. Endocrinol. Metab. 68, 364-368.
Sumner, H., Abraham, D., Bou-Gharios, G., Plater-Zyberk, C., and Olsen, I. (1991).
Simultaneous measurement of cell surface and intracellular antigens by multiple flow
cytometry. J. Immunol. Meth. 136, 259-267.
Swinden, D.C., Deighton, C.M., Nott, K., and Watson, M. (1990). Free testosterone
and depression in male rheumatoid arthritis (RA). Br. J. Rheumatol. 29, 401-402.
Talal, N. and Ansar Ahmed, S. (1987). Immunomoduation by hormones - an area of
growing importance. J. Rheumatol. 14, 191-193.
Talal, N., Dauphinee, M., and Ansar Ahmed, S. (1992). CD5 B cells in autoimmunity.
Ann. N.Y. Acad. Sci. 651, 551-556.
Taniguchi, T. and Minami, Y. (1993). The IL-2/IL-2 receptor system: a current
overview. Cell 73, 5-8.
Terres, G., Morrison, S.L., and Habicht, G.S. (1968). A quantitative difference in the
immune response between male and female mice. Proc. Soc. Exp. Biol. Med. 127,
664-667.
Thomas, T., Gunnia, U.B., Seibold, J.R., and Thomas, T.J. (1991). Restoration of
the DNA binding activity of estrogen receptor in MRL-lpr/lpr mice by a polyamine
biosynthesis inhibitor. Arthritis Rheum. 34, 55-62.
Thomas, T. and Kiang, D.T. (1987). Structural alterations and stabilization of rabbit
uterine estrogen receptors by natural poly amines. Cancer Res. 4 7 ,1799-1804.
Thomas, T. and Kiang, D.T. (1988). Modulation of the binding or progesterone
receptor to DNA by polyamines. Cancer Res. 48, 1217-1222.
Thomas, T., Trend, B., Butterfield, J.R., Janne, O.A., and Kiang, D.T. (1989).
Regulation of ornithine decarboxylase gene expression in MCF-7 breast cancer cells by
antiestrogens. Cancer Res. 49, 5852-5857.
Thomson, A.W., Hunter, C.B.J., Cruikshank, N., and Home, C.H.W. (1979).
Study of pregnancy-associated alpha2 -glycoprotein in relation to populations of human
blood leukocytes. Int. Archs. Allergy appl. Immunol. 58, 251-259.
Tincani, A., Balestrieri, G., Faden, D., and DiMario, C. (1991). Systemic lupus
erythematosus in pregnancy. Lancet 338, 756-757.
Toft, D. and Gorski, J. (1966). A receptor molecule for estrogens: isolation from the
rat uterus and preliminary characterization. Proc. Natl. Acad. Sci. USA 55,15741581.

228

Tora, L., White, J., Brou, C., Tasset, D., Webster, N., Scheer, E., and Chambon, P.
(1989). The human estrogen receptor has two independent nonacidic transcriptional
activation functions. Cell 59,477-487.
Trinchieri, G. and Perussia, B. (1985). Immune interferon: a pleiotropic lymphokine
with multiple effects. Immunol. Today 6, 131-136.
Turner, M., Chantry, D., and Feldmann, M. (1990). Transforming growth factor p
induces the production of interleukin 6 by human peripheral blood mononuclear cells.
Cytokine 2, 211-216.
van den Brink, H.R. and Bijlsma, J.W.J. (1989). Can oestrogens be used as adjuvant
therapy in female patients with rheumatoid arthritis? Br. J. Rheumatol. 28 (suppl.l),
24-27.
van den Brink, H.R., van Wijk, M.J.G., and Bijlsma, J.W.J. (1992). Influence of
steroid hormones on proliferation of peripheral blood mononuclear cells in patients with
rheumatoid arthritis. Br. J. Rheumatol. 31, 663-667.
van den Bruele, F.A., Engel, J., Stetler-Steven son, W.G., Liu, F-T., Sobel, M.E.,
and Castronovo, V. (1992). Genes involved in tumor invasion and metastasis are
differentially modulated by estradiol and progestin in human breast-cancer cells. Int. J.
Cancer 52, 653-657.
Van Snick, J. (1990). Interleukin-6: an overview. Annu. Rev. Immunol. 8, 253-278.
van Zeben, D., Hazes, J.M.W., Vandenbroucke, J.P., Dijkmans, B.A.C., and Cats,
A. (1990). Diminished incidence of severe rheumatoid arthritis associated with oral
contraceptive use. Arthritis Rheum. 33, 1462-1465.
Vandenbroucke, J.P., Hazes, J.M.W., Dijkmans, B.A.C., and Cats, A. (1989). Oral
contraceptives and the risk of rheumatoid arthritis: the great transatlantic divide? Br. J.
Rheumatol. 28 (suppl.l), 1-3.
Vandenbroucke, J.P., Valkenburg, H.A., Boersma, J.W., Cats, A., Festen, J.J.M.,
Huber-Bruning, O., and Rasker, JJ. (1982). Oral contraceptives and rheumatoid
arthritis: further evidence for a preventative effect. Lancet ii, 839-842.
Vandenbroucke, J.P., Witteman, J.C.M., Valkenburg, J.W., Boersma, J.W., Cats,
A., Festen, J.J.M., Hartman, A.P., Huber-Bruning, O., Rasker, J.J., and Weber, J.
(1986). Noncontraceptive hormones and rheumatoid arthritis in perimenopausal and
postmenopausal women. J. Am. Med. Assoc. 255, 1299-1303.
Vassalli, P. (1992). The pathophysiology of tumor necrosis factors. Annu. Rev.
Immunol. 10, 411-452.
Verwilghen, J. and Panayi, G.S. (1992). Influence of pregnancy on disease activity in
a patient with palindromic rheumatism. J. Rheumatol. 19, 292-293.
Veys, E.M., Hermanns, P., Verbruggen, G., Schindler, J., and Goldstein, G. (1982).
T lymphocytes in blood and synovial fluid in rheumatoid arthritis. Lancet i, 225-226.
Wahl, S.M., Allen, J.B., Welch, G.R., and Wong, H.L. (1992). Transforming
growth factor-p in synovial fluids modulates FcyRIII (CD 16) expression on
mononuclear phagocytes. J. Immunol. 148, 485-490.

229

Wahl, S.M., McCartney-Francis, N., Allen, J.B., Dougherty, E.B., and Dougherty,
S.F. (1990). Macrophage production of TGF-p and regulation by TGF-p. Ann. N.Y.
Acad. Sci. 593, 188-196.
Wahl, S.M., McCartney-Francis, N., and Mergenhagen, S.E. (1989). Inflammatory
and immunomodulatory roles of TGF-p. Immunol. Today 10, 258-261.
Wahli, W. and Martinez, E. (1991). Superfamily of steroid nuclear receptors: positive
and negative regulators of gene expression. FASEB J. 5, 2243-2249.
Wakefield, L., Kim, S-J., Glick, A., Winokur, T., Colletta, A., and Spom, M.
(1990). Regulation of transforming growth factor-p subtypes by members of the steroid
hormone superfamily. J. Cell Sci. suppl.l3, 139-148.
Webb, P., Lopez, G.N., Greene, G.L., Baxter, J.D., and Kushner, P.J. (1992). The
limits of the cellular capacity to mediate an estrogen response. Mol. Endocrinol. 6,157167.
Webster, N.J.G., Green, S., Jin, J.R., and Chambon, P. (1988). The hormonebinding domains of the estrogen and glucocorticoid receptors contain an inducible
transcription activation function. Cell 5 4 ,199-207.
Weetman, A.P., McGregor, A.M., Rees Smith, B., and Hall, R. (1981). Sex
hormones enhance immunoglobulin synthesis by human peripheral blood lymphocytes.
Immunol. Lett. 3, 343-346.
Weinberger, C., Thompson, C.C., Ong, E.S., Lebo, R., Gruol, D.J., and Evans,
R.M. (1986). The c-erb-A gene encodes a thyroid hormone receptor. Nature 324, 641646.
Weinstein, Y. and Berkovich, Z. (1981). Testosterone effect on bone marrow, thymus,
and suppressor T cells in the (NZB X NZW)Fi mice: its relevance to autoimmunity. J.
Immunol. 126, 998-1002.
Weinstein, Y. and Isakov, Y. (1982). Effects of testosterone metabolites and of
anabolic androgens on the bone marrow and thymus in castrated female mice.
Immunopharmacology 5, 239-250.
Weinstein, Y., Ran, S., and Segal, S. (1984). Sex-associated differences in the
regulation of immune responses controlled by the MHC of the mouse. J. Immunol.
132, 656-661.
Welch, G.R., Wong, H.L., and Wahl, S.M. (1990). Selective induction of FcyRIII on
human monocytes by transforming growth factor-p. J. Immunol. 144, 3444-3448.
Whyte, A. and Williams, R.O. (1988). Bromocriptine suppresses postpartum
exacerbation of collagen-induced arthritis. Arthritis Rheum. 3 1 ,927-928.
Wiesner, R.J. (1992). Direct quantification of picomolar concentrations of mRNAs by
mathematical analysis of a reverse transcription/exponential polymerase chain reaction
assay. Nucleic Acids Res. 20, 5863-5864.
Wilder, R.L., Lafyatis, R., Roberts, A.B., Case, J.P., Kumkumian, G.K., Sano, H.,
Spom, M.B., and Remmers, E.F. (1990). Transforming growth factor-p in rheumatoid
arthritis. Ann. N.Y. Acad. Sci. 593, 197-207.
Wilder, R.L., Remmers, E.F., Sano, H., Case, J.P., and Lafyatis, R. (1991). The
cytokine network in rheumatoid arthritis. Br. J. Rheumatol. 30 (suppl.l), 44-47.

Wolos, J.A., Logan, D.E., and Bowlin, T.L. (1990). Methylacetylenic putrescine
(MAP), an inhibitor of polyamine biosynthesis, prevents the development of collageninduced arthritis. Cell. Immunol. 125, 498-507.
Wood, N.C., Symons, J.A., Dickens, E., and Duff, G.W. (1992). In situ
hybridisation of IL-6 in rheumatoid arthritis. Clin. Exp. Immunol. 8 7 ,183-189.
Wyle, F.A. and Kent, J.R. (1977). Immunosuppression by sex steroid hormones. I.
The effect upon PHA- and PPD-stimulated lymphocytes. Clin. Exp. Immunol. 27,
407-415.
Xu, W.D., Firestein, G.S., Taetle, R., Kaushansky, K., and Zvaifler, N.J. (1989).
Cytokines in chronic inflammatory arthritis. II. Granulocyte-macrophage colonystimulating factor in rheumatoid synovial effusions. J. Clin. Invest. 83, 876-882.

