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ABSTRACT

Previous studies have shown that cultured and circulating cells from women may differ

ini the diffe relating to the phase of the menstrual cycle in which

they were harvested. In this investigation, specific enzyme-linked immunosorbent assays
for IL-2, IL-4, IFNy, IL-1ra and IL-1B were used to determine if there are differences in
levels of cytokine expression at different phases of the menstrual cycle.

A sample set of mononuclear cells and serum were isolated from nine healthy,

cycling females (19-29 years) at known points in their cycle and from four male controls.

The gonadal h 17B-estradiol and inizing hormone, as well as

lated and lated cells in

serum cytokine levels and cytokine production by
culture were monitored. Results indicated that the levels of all the cytokines measured
varied in relation to the menstrual cycle. [L-2, [L-4, and [FNy secretion by PHA
stimulated PBMC was low at time of ovulation and high in the luteal phase of the
menstrual cycle. There appears to be a Tyl to T2 shift from the follicular to the luteal
phase. Secretion of [L-1B and IL-Ira in LPS stimulated cultures changed during the
menstrual cycle. The IL-1 ratio (IL-1B/IL-1ra) was low at ovulation in unstimulated
cultures and low at the late follicular and the midluteal phases of the cycle in LPS
stimulated cultures. The IL-1 ratio in serum was lowest at ovulation with higher levels
in the follicular and luteal phases. Variability in the levels of the cytokines detected in

successive samples, both in serum and in culture supernatants, was greater for women than



men for [L-4, IFNy in culture supernatants, and for [L-Ira and [L-1B in serum. In

ddition, females had significantly higher mean values for IL-1ra in nonstimulated cultures

and lower mean IL-1 ratios in serum as compared to males. Finally, multiple regression

analysis of the cytokine data with the hormones p and |

hormone as well as with age of the volunteer, day in the cycle the sample was obtained,
length of cycle, and day of ovulation demonstrated that IL-4 and possibly IFNy
production by stimulated PBMC and IL-Ira production by unstimulated PBMC are

positively correlated with age. In IL-2, duction by stimulated PBMC and

serum levels of [L-1ra and IL-1p are negatively correlated with age. IL-1ra secreted by

both stimulated and imulated cells is positively lated with day in the cycle the
sample is taken whereas [L-1p correlates with day of ovulation and length of cycle. All
of the correlations that were found to be significant in this study suggest that the
menstrual cycle has a marked effect on the levels of cytokine production as detected in
vivo in serum samples and in vitro in the supemnatants of cells in culture.

In y, these data di that a) there is greater variation over time in

of cytokine produced by women than by men b) there are changes in cytokine

production in women related to the menstrual cycle c) the lowest cytokine production

occurs at time of ovulation (the exception being IL-1 in stimulated cultures) and d) age

infl the of cytoki duced by women.

The data presented here support the hypothesis that (i) there are cyclical changes

in immune responses in women (ii) the i P is i d by changes in




hormone status and (iii) of cytokine production is fund lly different in

women than men.
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CHAPTER I

INTRODUCTION

It is generally recognized that women have more vigourous immune responses than

dinted i

men. It would appear that gender infl both h I and cell
responses since a number of autoimmune diseases occur with higher frequency in women
than in men.

fa q

It is suggested that a woman's i P are i by h and,

since hormone levels change throughout the menstrual cycle one would expect her
immune responses to also change.

I have followed nine women through a full menstrual cycle. Hormone levels and
cytokines were measured in blood samples taken in different phases of the cycle. The aim
of the study was to see if changes in cytokine production correlated with the phases of the

menstrual cycle.

1.1 The Menstrual Cycle

Females undergo complex cycling of reproductive hormones; this cycling is
referred to as the menstrual cycle (or perhaps more correctly, the ovarian cycle).

The menstrual cycle alternates between two major phases, the follicular phase,
which typically persist for 12 to 16 days and is characterized by the presence of maturing
follicles, and the luteal phase, which most commonly persists for 10 to 16 days and is

charz cterised by the prese~ e of the corpus luteum in the ovary (Marshall, 1995).



The cycling that is exhibited in females is due to the ovarian and pituitary
hormones that are produced. The levels of these hormones that are seen in a typical
female cycle are illustrated in Figure 1.1 (modified from Asso, 1983) and the plasma
concentration of various ovarian steroids as well as their production and secretion rates

are shown in Table 1.1 (modified from Hsueh et al.,1995).

L1.1 The Feedback Relati ip b Ovarian and Pituitary Hormones
The feedback relationship that exists between the ovarian hormone estrogen and

the pituitary h follicle sumulating h (FSH) and luteinizing hormone (LH),

determines the events of the menstrual cycle (Asso, 1983). The main estrogenic product

of the ovary is 17B-estradiol (E2) and it also produces progesterone (P). FSH and LH are

lled by the hypothal through gonadotropin releasing h (GnRH).

The control hani. are a bination of negative and p feedback
systems (Clarke, 1995). E: exerts negative feedback control on FSH and LH
through GnRH. If isi d, the tend is to suppress GnRH, release in the

hypothalamus, thus in turn suppressing FSH and LH production and release. In addition,
the ovarian hormones also act at the pituitary level to decrease the sensitivity of FSH and
LH producing cells to GnRH (Asso, 1983). However, there seems to be a unique switch

in the effect of estrogen at the time of the preovulatory GnRH/LH surge. At this time the

is d and exerts a positive feedback effect on the system (Clarke,

1995).
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Figure 1.1. Relative levels of estradiol, progesterone, FSH and LH throughout the
menstrual cycle.



Table 1.1. Plasma concentrations, production rates, and ovarian secretion rates of ovarian
steroid hormones.

Steroid Phase of Plasma conc.  Production Secretion rate
Menstrual (ng/100ml) rate (mg/day) (mg/day)
Cycle

Estradiol Early follicular 6 0.08 0.07
Late follicular  33-70 0.5-1.0 04-0.8
Midluteal 20 027 0.25

Estrone Early follicular 5 0.11 0.08
Late follicular  15-30 0.3-0.7 0.25-0.50
Midluteal 11 024 0.16

Progesterone Follicular 50-100 21 1.5
Luteal 1000-1500 25.0 240

17a- Early follicular 30 0.6 0.2

hydroxyproges

terone
Late follicular 200 40 34
Midluteal 200 4.0 34

Androsten- 130-160 32 08-1.6

edione

Testosterone 38 03 -




1.1.2 Beginning of the Cycle

The beginning of the cycle is referred to as Day 1 and is the first day of
menstruation. The levels of hormones at the end of one cycle are preparing the body for
the next cycle. This can be seen in the hormone FSH. As estrogen levels decline toward

the late luteal phase, FSH is beginning to rise ing the growth of follicles that

will be involved in the next cycle (Asso, 1983).

1.1.3 Follicular Phase

The follicular phase begins with Day 1 of the cycle and ends with ovulation.
Throughout this phase the follicles that can eventually give rise to a mature ovum
influence the changes seen in this phase and the hormonal changes that occur in this phase
provide the correct environment for maturation of the follicle.

FSH stimulates the growth of these follicles which in turn become the source of
estrogen in the cycle (Asso, 1983). Thus the early follicular phase is characterized by
relatively high plasma levels of FSH and low levels of LH, estrogen, progesterone, and
inhibin. FSH and LH exert a combined effect on the follicles to stimulate secretion of
estradiol which by the middle to the late follicular phase is secreted by the dominant
follicle (Marshall, 1995).

In the midfollicular phase estradiol concentrations in plasma are rising and
suppressing secretion of FSH by action on the pituitary. As well, inhibin levels are rising

ibly contributing to the ion of FSH (Marshall,1995).




Estradiol is i i in the late follicular phase and exerts a positive feedback

effect on LH by enhancing LH resp to GnRH and by increasing GnRH
secretion (Marshall, 1995).

Progesterone, at this time in the cycle, is also beginning to rise and exerts a
positive feedback effect on LH. It is the "ovarian estradiol-progesterone signal system”
that induces the "GnRH-LH-FSH" ovulatory surge (Marshall, 1995).

Several follicles develop in the ovary at the same time but only one will go on to
become the ovum that is released at ovulation. The other follicles will undergo atresia.
The developing or atretic stage of a follicle is characterized by the follicular fluid content

of estrogens and androgens (Hsueh et al., 1995). As they undergo atresia the follicles will

begin to switch from ing principally to the ion of androg One of
the androgens that is secreted in this stage is testosterone and it is seen to peak just prior
to ovulation (Asso, 1983).

The menstrual cycle of a woman is generally stated to be 28 days in length.
However, the length varies greatly between women. On average the cycle is 29.5 days

with a range of 26-34 days in normal females (Asso, 1983).

1.1.4 Ovulation
As estrogen declines in the late follicular phase a surge in LH is seen and
maintained for approximately 24 hours. This LH surge causes the largest follicle of the

ovum to be released from the ovary thereby allowing for possible fertilization and



implantation (Asso, 1983).
The rupture of the follicle at ovulation signals the end of the follicular phase and

the beginning of the luteal phase (Marshall, 1995).

1.1.5 The Luteal Phase
The ruptured follicle that is left behind in the ovary following release of the oocyte
undergoes a process called luteinization resulting in the formation of the corpus luteum

(Marshall, 1995).

This corpus luteum is responsible for tke production and ion of prog
and estrogen that are seen in the luteal phase of the menstrual cycle.

This i d ion of and lasts for a number of days

after ovulation during which time FSH secretion is inhibited and remains low (Marshall,
1995).

This & in imul the growth of the endometrium that will

allow for development and growth of the fertilized ovum (Asso, 1983). If fertilization
does not take place, plasma levels of estradiol and progesterone decline leading to
shedding of the endometrium and is seen as menstrual flow (Asso, 1983).

At this time FSH levels begin to rise initiating the development of a new set of

follicles, beginning the cycle all over again (Asso, 1983).



1.2 Sex hormones and Immune Response

It has long been known that the sex hormones influence or are interrelated with

the immune response. Research in the field of i docrine i i has been
ongoing for some time. Four main areas of research today have provided significant

evidence for the role of sex hormones in the immune response, including: 1) the

diffe in i P t males and females; 2) the knowledge that
gonadectomy and hormone repl alter the i 3) the observation that
the immune response is altered during pregn: ; and 4) the p of p for sex

hormones on cells of various arms of the immune system (Grossman, 1984).

1.2.1 Sex Related Differences in Immune Response
Sex related differences in immune response have been observed in several strains

of mice and in humans (Huber et al., 1981; Shuurs and Verheul, 1990). It has been

observed that males are less likely to develop i di than females (Lillehoj
et al., 1981; Ahmed and Penhale, 1982), that autoimmunity in males can be induced by

of diol (Gershwin ef al., 1980) and that females have higher titres of

autoantibodies in serum (Inman, 1978; Ahmed er al., 1985). The immune response of
females is greater than that of males (Grossman, 1985). Females have higher serum
immunoglobulin levels than males, mount higher antibody (Ab) responses to various
antigens (Schuurs and Verheul, 1990) and reject allogeneic skin grafts faster than males

(Butterworth ez al., 1967, Graff et al., 1969). In addition, it has been noted that



preval, of predisposition to allergy ch at about age 15 from males to females

(Schuurs and Verheul, 1990).
The evidence that there is a difference between the immune system of males and
females suggests that the influence of gonadal steroids is very important. Much of the

work done has been on di ining the infl of these h on various arms of

the immune response.
It is important {o note here that the outcome of in vivo studies done in various

laboratories is influenced by the dose and type of admini ion of the h as well

as by age of the animals used (Ahmed er al., 1985).

122 Humoral Immunity

1.22.1 Direct Action of Gonadal Hormones

Estrogen has been shown to enh the p to various anti in

several species (Stern and Davidson, 1955; Kenny and Gray, 1971; Myers and Petersen,

1985; Erbach and Bahr., 1988). Nikolaevich er al., 1991 d d that injection of
estradiol into ovari ized mice stimulated the i p as indicated by
d Ab resp to sheep erythrocytes, while injection of p did not have

such an effect. In vitro studies indicate that estrogen has a direct effect on the immune
system by influencing lymphocyte function (Erbach and Bahr, 1991). Kenny et al., 1976,
incubated, in vitro, E. coli primed murine spleen cells with various concentrations of

estrogen. They found that physiological levels of E2 caused an increase in the number



d cells as d din a

of Abh secreting cells in male mice d to

haemolytic plaque assay (PFC), by examining the ratio of total plaques from E2 treated

d.

cells with control cells. The authors suggest that the ph observed is indep:
of phagocytic function and that E2 directly affects lymphoid cells in the spleen.

Myers and Petersen., 1985, found that intraperitoneal (i.p.) injection of E2 in male

rats ited in a d lated i in anti- sheep red blood cell (SRBC) antibody titres
during the primary i h ized by the production of anti-SRBC IgM).
Unlike Kenny, these i found no 1 in the number of Ab producing cells

between control and estradiol treated animals as measured by a plaque forming assay.

Similarly, in h incubation of peripheral blood cells (PBL) with E2 caused

an increase in the number of cells secreting [gM (Paavonen et al., 1981) and IgG
(Weetman er al., 1981).

Ainbender er al., 1968, ined diff in specific Ab to poliovirus in the

serum of males and female and found a difference between men and women in the
proportion of IgA and IgG polio antibody. Specifically, it was found that in women the
IgA polio antibody titre was equal to or greater than the IgG titre and that in men it was
less. There was no difference in the serum concentrations of IgA or IgG between the two
groups.

Konstadoulakis er al., 1995, compared in vitro and in vivo immune parameters

between female and male rats using a licated i | design involving h

injections and gonadectomy. The results of the study considering only the in vivo IgG

10



levels in serum were as follows: IgG levels in serum of male pups treated with

j (TP) were i d as d to Is and IgG levels in
serum of female pups treated with TP decreased; gonadectomy in both sexes produced
effects similar to those as animals treated with TP. Thus in male rats the increase of IgG

production in vivo after ion indi that pp T and B cell

functions.
Another study examined the in vitro effect of physiological concentrations of E2
and testosterone (Te) on Ag non-specific differentiation of human peripheral blood

mononuclear cells (PBMC) stimulated with pok d mi (PWM). A of

B cell differentiation was indicated by the number of Ab secreting cells assayed by

reverse hemolytic PFC assay using SRBC as indicator cells. It was found that in vitro

differentiation of B cells, from both men and women, stimulated with pok d

and cultured with physiological levels of E2 was significantly augmented as compared to

Is and that physiological i of Te inhibited PWM-induced B cell

differentiation (Sthoeger et al.,, 1988).

The variable effects of gen on the h I i is ill d in
the observation that production of Ab to Candida albicans in mice is enhanced by E2 at
low levels but depressed at high levels of the hormone (Mathur er al,, 1979).

Similarly, it has been found that women have better Ab response to the Hepatitis
B vaccine than men do as indicated by the greater geometric mean titers for anti-HBs

(Struve ef al., 1992).



Evidence for the direct effect of sex h on the i P is also

supported by the fact that receptors for estrogen have been found in mouse spleen
(Detlefsen et al., 1977), human spleen (Danel et a/., 1983; Stimson, 1988) and on human

PBL's (Danel er al., 1983; Weusten et al., 1986).

1222 Indirect Action of Gonadal Hormones
Several papers, illustrating both in vivo and in vitro experiments, have indicated

that the infl of h onh I 1 ity is indirect (Paavovnen et al., 1981;

Bames et al., 1974; Stimson and Hunter, 1976; Holdstock et al., 1982).

Erbach and Bahr, 1991, investigated the requirement of the thymus in the

h of h | i by Adult female rats were
ovarnl ized and thy ized or sham thy ized and s.c. given E2 or left
untreated. Results showed that E2 ent of in vivo h i i quires the

thymus. Both male and female rats need an intact thymus to achieve E2 enhancement of

Ab titres.

123 Cellular Immunity

Estrogens and progestins inhibit proliferative responses of T cells to certain

itogens and anti (phytoh luttin (PHA), Con A or purified protein derivatives

(Mendelsohn er al., 1977, Wyle and Kent., 1977)]. Athreya er al., 1993, evaluated the

effect of the p or ab: Is) of various sex steroids on the proliferative



responses to PHA, IL-2 or anti-CD3 of PBMC's taken from normal human adult males
and found that E2 and Te had no consistent effect on the proliferative response to any of
the stimuli tested. E2 + PHA caused a decrease in the percentage of CD4™ T cells and
E2 + [L-2 an increase in the number of CD8" T cells. Te + IL-2 increased the percentage

of CD4" cells indi a ial role of h in T cell activation. In to

this, Gilbody et al., 1992, studied dose related effects of estradiol on rat thymic and

T

splenic T lymphocytt iveness to mi and found that estradiol stimulated

responsiveness of lymphocytes.

Konstadoulakis er al., 1995, did in vitro studies on rats and the cellular response
during self MLR (p.10). They found that in vivo administration of Te had a negative
effect on self MLR and E2 injection had a positive effect as shown by an increase in
MLR after castration and a decrease in MLR after cophorectomization.

Baral er al, 1996, found that pretreatment of P815 target cells (a murine

mastocytoma cell line) with diol or ife ist and potent

immunomodulatory agent) makes them significantly more ible to ly

d (LAK) cell mediated cy

1.2.4 The Cycle and Immune Response

124.1 Hi ] and M 1}

Studies done in mice and rats indicate that the levels of Ab's fluctuate during the

estrous cycle. Total IgA levels in rat uterine i btained by uterine flushing are




higher during the estrus and p when d to the di ; total IgG levels in

uterine secretions are higher in the proestrus phase of the cycle as compared to the other

phases (Wira and Sandoe, 1977, 1980). In additi igration of lymphocy to the
genital tract, specifically the uterus, vagina and cervix, in female mice is influenced by
the estrous cycle; it has been found that there is an increased number of IgA producing

plasma cells at these sites during proestrus and estrus (McDermott er al., 1980; Rachman

et al., 1983).
Several groups have shown that p and gen directly infl the
fl levels of y (SC) and antibodies, as well as the number of

B cells in the genital tract of female rats and mice (Wang et al., 1996; Wira and Sandoe,

1977; Sullivan et al., 1983). Similarly, cyclical changes in SC, d in uterine
secretions, and total Ab levels have been demonstrated in humans (Sullivan er al., 1984;
Usala ez al., 1989). Specifically, Usala et al., 1989, investigated immunoglobulin levels
in cervicovaginal secretions during the menstrual cycle using the microradial
immunodiffusion method. Results indicated that IgG levels in vaginal fluid samples were
high in the follicular phase with a steady decline to low levels throughout the luteal phase.
IgA was present at levels 10-fold less than IgG and near the assays limit of detection
though it was seen that the lowest vaginal concentration was around the midluteal phase.

Several different sy ic routes of (s.c., im. and i.p.) of antigen

have been shown to induce specific Ab's in the female genital tract of several species

including humans (Gallichan and Rosenthal, 1996; Miller er al., 1992; Ogra and Ogra,



1973, Parr and Parr, 1990).

I aginal and i ine i ization are | routes of i 1zation and
have been able to induce both specific IgG and IgA in the genital tract, vaginal secretions,
and in serum (Milleigan and Bernstein, 1995; Ogra and Ogra, 1973). Other mucosal sites,

for le, i | (in.) both IgG and IgA in the vaginal secretions of the

genital tract (Gallichan and Rosenthal, 1996; Muster ez al., 1995).

Few of these studies take into account the stage of the cycle. Gallichan and

R thal, 1996, ined the infl of the estrous cycle in mice on the levels of

Herpes Simplex Virus Type 2 glycoprotein (HSV-gb) ific IgA and IgG Ab's in the

female genital tract, specifically vaginal fluid. The mice were immunized 1.n. with
AdgB8, a recombinant adenovirus type 5 vector. Results indicated that there was a

cyclical fl in the Ab production, IgG was highest in diestrus and lowest at estrus,

IgA was highest in estrus and lowest in diestrus. Susceptibility of uni ized mice to

intravaginal HSV-2 infection was studied during various estrous cycle stages and it was
found that mice infected during estrus were protected from infection since no viral

replication or genital pathology was observed. In addition, results showed that i.n.

duringap induced diestrus-like state protects against subsequent
intravaginal challenge as significantly less virus replication and genital pathology was
observed. The discovery that levels of IgG and IgA antibodies in the genital tract of i.n.
immunized mice vary inversely with each other and are dependent on the stage of the

estrous cycle reflects the changes that occur in the reproductive tract during the course of



the cycle. Estrus is the time of mating and it follows that high levels of IgA should be
present to take care of the pathogens associated with mating (Gallichan and Rosenthal,
1996). These increased levels of IgA seen at estrus are supported by the finding that there
is an increase in the number of IgA producing plasma cells in the uterus, vagina and
cervix during proestrus and estrus (McDermott ez al., 1980, Rachman er al., 1983) and an
increase in SC in the uterus during estrus (Sullivan ef al., 1983).

Similarly, Parr et al., 1994 investigated the effect of the estrous cycle and sex

hormones on vaginal infection of adult mice by HSV-2. Results indicated that inoculation

Tted i P h R i

during estrus in no

in the p

phase resulted in mice becoming infected with the virus (Parr er al., 1994).

1242 Prostaglandins
Prostaglandins (PG) are also involved in the i They are medi

at several levels (Kunkel, 1988). Leslie er al., 1987 noted that female mice synthesized
a greater amount of PG than male mice and with greater variation between females in the
group, therefore leading to the hypothesis that PG synthesis was modified by hormones
during the estrous cycle. A later study found that hormonal status of human females is

d with ch in PG boli Leslie and Dubey, 1994, found that both

PGE, and PGI, were 1 d in the medium of cultured monocytes isolated during the

luteal phase compared to medium from follicular phase cultures and to monocytes cultured

from males donors.

16



1243 Cellular Immunity

Herrera et al., 1992, examined the response of human lymphocytes to mitogenic
stimulation over the course of the menstrual cycle and in response to in vitro addition of
physiological concentrations of E2 and P. The study showed that there was large intra-
individual variation over the course of the menstrual cycle and that in vitro administration

of diol and prog at physiological jons inhibited proliferation of

P

male and female PHA stimulated human lymphocytes.

Similarly, Bjune, 1976, i i d in vitro lymphocyte to PHA during

the I cycle and . In this study, 2 healthy women were bled twice

weekly for 2 months. Response of PBMC to PHA were recorded as incorporation of *H-

thymidine in the of 10% 1 plasma and 10% pooled human serum. One
pregnant woman and two males served as controls. The results indicated that in the two
cycling women, PHA responses varied greatly throughout the cycle. They found that at
the time of ovulation the responses were low and that during menses they were high.

They also found that addition of ! serum in strong supp in the

pregnant woman and in cycling women in the luteal phase of the cycle, whereas it had
an augmenting effect in the follicular phase. The PHA responses to autologous plasma
were constant in the males and the pregnant woman.

In contrast, another study investigated nine women over the course of one
menstrual cycle measuring reactivity of blood lymphocytes to PHA during the menstrual

(low levels of E2 and P), midfollicular (peak levels of estradiol), and midluteal phases



(peak levels of prog: Data indicated that there were no differences in reactivity
to PHA over the three menstrual cycle phases and no relationship with any of the
hormones measured (Caggiula et al., 1990).

In addition to studies done on the PHA response during the menstrual cycle, a

recent study has been done on cytotoxic lymphocyte (CTL) activity during the menstrual

cycle. In this study CTL activity was T d in the ductive tract in relation to
the menstrual cycle. Human female reproductive tract cells were isolated from
hysterectomy patients from the fallopian tube, uterine endometrium, endocervix, ectocervix
and vaginal mucosa. The cells were cultured overnight in the presence of IL-2 to yield
effector cells and then these effector cells were incubated with or without OKT3 (anti-
CD3 mAb) in a chromium release assay. This assay measured total CD3" T cell mediated
lytic activity by use of FcRIVII bearing, *' Cr-labelled P815 target cells. Results
indicated that CD3~ CD8" cytolytic T cells are found throughout the reproductive tract
and, when the proliferative phase (follicular) and the secretory phase (luteal) were
compared, that the capacity for CD3" T cell cytolytic activity in the uterine endometrium
is present during the proliferative phase but absent during the secretory phase. This
indicated that CD3* CD8" cytolytic T cells are hormonally regulated. It was also found
that in postmenopausal women, the entire reproductive tract retains the capacity for strong
CD3" T cell cytolytic activity. The authors suggest that the data support the idea that high

levels of E2 and P present in the luteal phase of the menstrual cycle downregulate CTL

activity in the uterus thus ing for impl ion of the iall ic embryo. They



also conclude that CTL activity is regulated differently in different regions of the
reproductive tract (White et al., 1997)

Fluctuations in the WBC counts have been observed during the menstrual cycle
of humans. Mathur et al., 1979 investigated cyclic variations in white cell subpopulations
in serial blood samples from males and females. Monocytes and granulocytes were
increased in the luteal phase as compared to the follicular phase; WBC, total T cells and

lymphocyte counts were di d at the p: latory E2 peak in the follicular phase.

The conclusion of Mathur er al., 1979 was that lymphocyte counts were negatively
correlated with E2 and monocyte and granulocyte counts were positively correlated with
progesterone. Results also showed that there were no cyclical variations in WBC
populations in men and in women with nonovulatory cycles.

There has also been some interest in whether the immune response differences that
are seen between males and females exist at the level of extrathymic T cells, defined as

T cells

xpressing T cell ptor, (CD3) of i diate 1 ity (i.e.L diate Tcells)
and a high level of IL-2 receptor B-chain, in various organs of mice. It was founa that
the CD47/CD8" T cells ratio is higher in females as compared to males and that

intermediate T cells of ibl h ic origin were more predominant in the liver and

other organs of female mice than in males (Kimura et al., 1994).

Sex hormones play a role in lating antigen p ion by uterine cells
btained by uteri ymatic digestion) in female rats as demonstrated by Wira and
Rossoll. Antigen p: ion was d by ovalbumi itized T cells cultured in




the of irradiated epithelial or stromal cells and ovalbumin with proliferation

measured by *H thymidine uptake. Results indicated that antigen presentation by uterine
epithelial cells is high at diestrus, low at estrus. Antigen presentation by uterine stromal

cells was high at estrus, low at diestrus. In addition, if estradiol is given to ovariectomized

rats this causes an i in antigen ion by the epithelial cells and a d
in antigen presentation by stromal cells as compared with controls (Wira and Rossoll,

1995).

125 Conclusions
It is apparent from the volume of work that has been done on the influence of

gonadal hormones on the immune system that there is much interest in the area but the

picture is still unclear. Contributing to this ph is the k ledge that many

investigations yield different results depending on the route of administration and dose of
the hormones used for studies. As well, different results are obtained from different sites

including uterine, vaginal, mucosal, and systemic areas of the system. Although the

1 .

ly that gonadal

results differ in these circumstances it has been shown

do indeed infl the i in humans and animals.
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1.3 Cytokines

Cytokines are peptides or glycoproteins that act as soluble mediators of immune

response. They regulate local and systemic i and infl y resp as well

as many other biological (&) heim er al.,1994).

p PP

They are highly potent molecules that act at concentrations of 10"° to 10"°M
influencing the immune system as autocrine, paracrine and endocrine hormones
(Oppenheim et al., 1994).

All the information in the following sections on cytokines has been obtained from
two primary sources i.e. Abbas ef al., 1994, and Oppenheim et al., 1994. Due to this fact

the publications will not be sited throughout the text.

1.3.1 Interleukin 1
Interleukin 1 is a cytokine that is principally produced by activated mononuclear
phagocyctes but can be produced by other cell types. These include: B lymphocytes,

natural killer cells (NK), T cell clones grown in culture, keratinocytes, dendritic cells,

astrocytes, fibrobl phil dothelial cells and smooth muscle cells. Significant

amounts of IL-1 have been found in skin, amniotic fluid, sweat and urine.

Lipopolysaccharide (LPS), a bacterial cell wall product, tumour necrosis factor and

interleukin 6, other cytokines, and CD4" T cells i ing with antigen p! ing cells,
can all initiate production of IL-1 by mononuclear phagocytes.

The principle function of IL-1 is as a mediator of the host inflammatory response.
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The actions of IL-1 depend on the concentration of IL-1 present in the system.
At low concentrations of IL-1, [L-1 acts on mononuclear phagocytes in an

autocrine fashion to further stimulate synthesis of IL-1 and to induce synthesis of IL-6.

It also acts on lear phag to synthesize chemoki lecules that

and direct | y
When IL-1 is present at higher concentrations it can exert endocrine effects by
causing fever, synthesis of acute phase proteins and cachexia.
IL-1 exerts its actions through two distinct forms, those of IL-la and IL-1P.

These two types of IL-1 are peptides that are ded by sep genes and share 26%

amino acid sequence homology. Although these are distinct forms of IL-1 they are
virtually identical in potency and activity.
In addition to having two distinct forms of IL-1 present in the system there is also

a naturally occurring inhibitor of IL-1. This inhibitor is called IL-1 receptor antagonist

(IL-1ra) and acts to inhibit IL-1 by binding to IL-1 ptors ! ing the functional IL-
1 from binding and exerting it's influence. IL-1ra is a competitive inhibitor that acts to
endogenously regulate IL-1 in the system.

IL-1a and IL-1B bind to high affinity receptors (K,~10"'° M) that are found on all
IL-1 target cells. Two distinct types of receptors, IL-1RI and IL-1RII, have been found

to bind to [L-lct and IL-1PB equally. These P are 28% homol in

similarity and have three extracelluar domains.

IL-1RI is the type I receptor and ithasa 217 a.a. cy ic tail that can
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signals to the cytoplasm of the cell when IL-1 is bound.

IL-1RII is the second distinct type of receptor found that will bind IL-1 and, unlike
IL-1RI, it does not have a cytoplasmic tail. Thus it cannot transduce signals to the
interior of the target cell.

It is also important to note that one of the major functions of IL-1RII is thought
to be as an endogenous inhibitor of IL-1B at inflammatory sites due to the release of the

extracelluar domain of the receptor into solution at times of infl 1 This soluble

IL-1RI can bind IL-1f more strongly than IL-1ct.

1.3.2 Tumour Necrosis Factor o

Tumour necrosis factor a is a cytokine that is primarily produced by activated

d 1

d T lymphocytes,

mononuclear phagocytes but can also be d by antigen
activated NK cells and activated mast cells. TNFa is the mediator of response to gram
negative bacteria with the response due directly to the presence of LPS in the bacterial
cell wall. The effects of TNFa on the systems of the body depend largely on the
concentration of TNFa present. TNFa can act in an autocrine, paracrine and endocrine
manner and has effects in much the same way IL-1 does.

At low concentrations TNFa acts locally as a paracrine and autocrine regulator of

leukocytes and endothelial cells. TNFa, at these low concentrations, causes activation of

hils; 1 in ion of adhesi lecules contributing to accumulation of

leukocytes at the area of inflammation; production of other cytokines like IL-1, [L-6 and
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TNFa itself as well as chemokines; and ion of ion of Class I MHC

molecules thereby assisting in cytotoxic lymphocyte (CTL) mediated killing of infected
cells.

At high concentrations, TNFa acts in an endocrine manner and enters the blood
stream. When TNFa is acting in this manner it produces different effects on biological
systems. These effects include the induction of fever by acting on the hypothalamus,

induction of 1 h tes to secrete IL-1 and IL-6 into circulation, increased

secretion of serum proteins like serum amyloid A protein thus contributing to the acute

phase of the lation system, and suppression of bone marrow

stem cell division.

As with IL-1, two types of high affinity P have been identified to bind

TNFa. The type II receptor has a higher affinity for TNFa than Type I. Each receptor

11 domain, a hydrophobi b region and an
y

is composed of a large

intracellular transducing piece. It is thought that the two types of receptors induce
different effector functions. Binding of TNFa to Type I receptor promotes cytotoxic

activity and Type II promotes T cell proliferation.

133 Interleukin 6

Interleukin 6 is a cytokine that has a wide variety of biological effects. It is

mainly produced by lear ph lar endothelial cells and

The secretion of IL-6 is often in response to IL-1 and TNFa secretion.
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IL-6 synergizes IL-1 and TNFa to induce the acute phase response. IL-6

in this response by ind hep to produce serum p like

fibrinogen. It is also known to serve as a growth factor for activated B cells. It enhances

B cell replication, diff istioii. iidn lobulin prod

IL-6 has the ability to synergize with IL-1 and TNFa augmenting the mitogenic
effects of these cytokines on T helper cells. This effect is in part due to the ability of IL-

6toi ion of IL-2

The high affinity receptors for IL-6, (K4~ 10"° - 10> M), are expressed on a variety

of cell types. These include y ic cell lines, hep tes, resting

T cells, activated or EBV infected B cells, and plasma cells. The receptor is composed
of an « and a B chain. The [L-6Ra chain does not have a cytoplasmic domain. This
chain binds IL-6 with low affinity producing the [L-6Ra-IL-6 complex which then binds
with high affinity to IL-6RB chain. This chain does contain a cytoplasmic tail and thus

the signal can be transduced.

134 Interleukin 2

IL-2 is the principle cytokine responsible for the growth of T cells, specifically the
induction of T cells to move from the G, phase to the S phase of the cell cycle. This
cytokine is produced by T cells, specifically CD4" T cells but also by CD8" T cells when
antigen and costimulatory factors are present.

IL-2 has the ability to act in an autocrine and paracrine manner. It functions in an
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autocrine manner by acting as a growth factor for the T cells that produce it but can also
act on nearby T cells to induce IL-2 thus acting in a paracrine manner. It does not
circulate in the blood during an immune response thus does not act as an endocrine
growth factor.

Because of its effects on T cells, a major component of the immune system, it is
thought to be a critical immunoregulatory cytokine. It influences human lymphocytes to

4

of other lymphokines like [FNy, TNFB,

p not only proliferation but also p
IL-6, [L-4, [L-3, [L-5, and GM-CSF. [L-2 will also stimulate NK cells to produce other
cytokines that in turn activate macrophages and enhance the cytolytic activity of NK cells.
The effect of IL-2 on NK cells produce a superior killing cell called the lymphokine

activated killer cell (LAK). IL-2 influences B cells as well by enhancing proliferation and

ibody production, preferentially p ing production of IgG2 antibodi
The IL-2 receptor is composed of three polypeptides, a, B and y. Each
polypeptide on its own can bind IL-2 but with low affinity. Together they bind with a
high affinity (K,~10"" M).
The a chain has only a small cytoplasmic domain and thus cannot transduce

signals to the interior of the cell. The B and y chains have larger cytoplasmic domains

and can transduce signals to the interior of the cell.

135 Interleukin 4

Interleukin 4 is a cytokine that is principally produced by CD4™ T lymphocytes,
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specifically those of the T2 subset. It is also produced by mast cells. [L-4 was initially
described as a B cell growth factor as it helps in B cell proliferation and as a B cell
stimulatory factor because of its ability to induce Class I MHC expression on resting B

cells. IL-4 is a major regulator of heavy chain class switching as it is required for the

duction of IgE antibodies. In addition, IL-4 infl xpression of low affinity Fce
receptors on B cells.

IL-4 acts on h to inhibit ion and block the effects of another

cytokine, IFNy, produced by the Tl subset. IL-4 acts as a growth and differentiation
factor for T2 cells and suppresses the induction and function of Ty1 cells.
IL-4 also influences expression of some of the adhesion molecules like VCAM-1

on endothelial cells and causes endothelial cells to secrete MCP-1, a chemotactic protein.

These functi allow for infl y i that are rich in monocytes and
eosinophils. Mast cells are influenced by IL-4 as it promotes growth of this type of cell.

IL-4, through all these functions, seems to be a principle mediator of allergic
reactions and, as it is characteristically produced by the T2 subset, is responsible for the

prevention of many cell

p by p ing the Tyl subset

functions.

1.3.6 Interferon y
IFNy is produced by both naive (Tg0) and Ty1 CD4" helper T cells, by CD8" T

cells and NK cells when activated. It ion of Class I and Class [l MHC
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thus aiding in cytotoxic killing and promoting antigen p ion to CD4™ T

lymphocytes. It acts as a potent acti of 1 h ind the

T 4

and of other cytokines such

and cy ic activity of
as IL-1, IL-6, IL-8, and TNFa. NK cells, neutrophils, and vascular endothelial cells are

also activated by this cytokine.

[FNy acts on T and B lymphocytes to p differentiati pecifically [FNy
promotes differentiation of naive T cells to the Ty1 subset and inhibits proliferation of the

Ty2 subset. CD8” cells are aided in maturation by [FNy and B cells exposed to IFNy

produce IgG2a and IgG3 subcl. of antibodies p ing production of IgG1 and IgE.
The effects of IFNy described above all i to cell diated
p and the suppression of | | mediated i P

1.4 Sex Hormones and Cytokines

There are several studies that indi the infl of sex h on cytokine

production. This infl has not been explained although a great deal of evidence exists
for the relationship. Much of the work has been done on the inflammatory cytokine IL-1
and some information is available on several other cytokines. The focus of this section

will be on the cytokines measured in this study.

14.1 Sex Hormones and IL-1

One of the earliest studies done to show the influence of gonadal steroid on
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cytokine production was by Cannon and Dinarello in 1985. They examined IL-1 activity
as measured by the effect on proliferation of D10 cells, a murine T cell line, stimulated
with PHA. When IL-1 activity was assayed using plasma from healthy human females,
there was significant IL-1 activity in the plasma isolated during the luteal phase as

compared to the follicular phase of the I cycle.

, an
done with plasma from five healthy women who were bled once during the follicular and

luteal phase of their cycle (as d ined by ions) showed that the

luteal phase plasma had greater IL-1 activity than the follicular phase plasma. They
postulated that this increase in [L-1 activity during the luteal phase of the menstrual cycle
was consistent with the 0.2 to 0.6 °C rise in body temperature that is seen in the luteal
phase and the inflammatory focus present after follicular rupture (Cannon and Dinarello,
1985).

Since then, there have been several studies done on the influence of gonadal
steroids on the production of cytokines both by humans and animals in both in vitro and
in vivo systems.

Hu er al., 1988 examined the effect of diol on IL-1 hesi ion by rat

P as d by a thymocyte proliferation assay. Using peritoneal

adherent cells (PAC) isolated from five female and male rats they analyzed the amount
of IL-1 spontaneously secreted in culture and found that cells from adult females secreted

more IL-1 than cells from males or prepubescent females. In addition, ovariectomy led

Arming 4 <ub. 1

to reduced synthesis of IL-1 by PAC and in vivo diol
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effectively increased IL-1 synthesis. To further show the influence of estradiol on IL-1

it was d d that IL-1 ion could be i d in PAC isolated from

male rats when the PAC were incubated in vitro with physiological concentrations of

estradiol. When PAC were incubated with E2 and LPS the enhanced IL-1 secretion was
greater than with E2 alone.

The effect of steroids on monocytes has also been demonstrated. Human monocyte

IL-1 activity as a function of increasing E2 and P levels have been examined. Human

peripheral monocytes isolated from males were incubated with i ing
of both steroids in separate cultures. IL-1 was measured by the D10 thymocyte

lation bi and dose curves as a function of E2 and P were established.

It was found that low concentrations of E2 (10° - 10"'°M) and P (10 - 10°M) resulted

in maximal IL-1 production. At higher ions of E2 (10”M) and P (>107M, this

being the physiological range of P seen in the luteal phase and early pregnancy) there was
a significant reduction in IL-1 activity (Polan et al.,1988a).
Similarly, Flynn, 1984, demonstrated that monocytes isolated from placental tissue,

both cultured and not cultured (lyzed by sonication to determine cellular IL-1 content),

produce IL-1. In addition, Flynn also found that with estrogen and progesterone

stimulation of the monocytic tumor line P338D, production of IL-1 was stimulated at

physiological i but supp d at high levels of these steroids.
The ability of peripheral monocytes isolated from varying endocrine milieux to

secrete [L-1 has been investigated. Polan er al., 1990, examined the levels of IL-1
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d by cultured peripheral monocytes isolated from eight women before ovulation

(follicular phase) and during the late luteal phase (Day 12 of luteal phase) in human
menopausal gonadotropin and human chorionic gonadotropin stimulated cycles a well as
during pregnancy, n=6. IL-1 activity was measured by the D10 thymocyte proliferation
assay. Significantly more [L-1 was secreted by monocytes isolated during the luteal phase
of the cycle than by cells isolated during the follicular phase or the third trimester of
pregnancy. This observation is consistent with previous work (Polan er al., 19882; Polan
et al., 1988b). These experiments were designed to determine the effect of physiological
levels of E2 and P on IL-1 secretion by isolating the monocytes at various time points

the ion of ci d ids. The results of the in vitro culture

studies suggest that [L-1 production by circulati ytes may be lled in part
by circulating steroid levels. Specifically, that progesterone is the critical factor in the
control of IL-1 production.

Trying to tie the two studies together it is important to realize that monocytes
isolated during the second and third trimester of pregnancy in the study done by Polan and
associates in 1990 were isolated at a time point where the concentration of P in serum,
is approximately 1.5 x 107 and 2.9 x 107 M, respectively. This approaches the
concentration where in vitro bioactivity is decreased (Polan et al., 1988a) and where IL-1
mRNA content is decreased (Polan et al., 1988b).

The relationship between E2 and P concentration and the level of IL-1f mRNA

in d human peripheral ytes and pelvic h has also been addressed.
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Human peripheral monocytes and peritoneal macrophages isolated during the luteal phase
of the cycle and stimulated with LPS and increasing amounts of P or E2 show an inverse
relationship between IL-1B mRNA levels and steroid concentration. IL-1p mRNA levels

d asPorE2i to 10°M indicating that lation by gonadal steroids occur

at the level of transcription (Polan et al., 1989).

In females undergoing in vitro fertilization, Polan er al., 1994, showed that

and lus cells isolated from the follicular fluid of five women in
the luteal phase stained for the presence of IL-1 mRNA but that cells isolated during the
follicular phase did not and that IL-1 mRNA protein appeared in the follicle coincident

with immi lation. In additi this study found that IL-1 mRNA levels in

peripheral macrophages isolated during the follicular phase were equivalent to those seen
in male controls, but that a three-fold increase in IL-13 mRNA was seen in monocytes
isolated during the luteal phase.

The effects of menopause and ovarian steroid treatment on IL-1 release by

monocytes has also been studied. Monocytes were obtained from venous blood, cultured,

and IL-1 activity d by the D10 bi . IL-1 activity from cells isolated from
P I, n=14, (low ) women was higher than in either premenopausal
women, n=7, or /prog treated p | women, n=8, and treatment

with estrogen/progesterone for 1 month caused a substantial decrease in IL-1 activity in
the postmenopausal women (Pacifici et al., 1989) further establishing a relationship

between gonadal steroids and IL-1 production.
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Pacifici er al., 1991, evaluated the effects of oopk and

of [L-1 and TNFa from peripheral blood

on sp

mononuclear cells. They demonstrated that women who underwent oophorectomy, n=15,

had increased production of IL-1 and TNFa and that those who started estrogen

replacement therapy showed a d in both cytokines. It was also d d that

in women who had hy without h , n=9, no change in cytokine

production was seen. This study indicates that changes in estrogen status in vivo are
associated with changes in secretion of mononuclear cell cytokines in vitro.
Another study, (Lynch er al., 1994) looked at gender and menstrual cycle

dependent variation on IL-1 production. Secretion of IL-1a, IL-1B and IL-1ra by cultured

PBMC and urine cytokine ions were ined to dt ine if in vitro
corresponds to in vivo status. Mononuclear cells were isolated from five women, once in
the follicular phase and once in the luteal phase of the menstrual cycle, and from six men.

In unstimulated cell cultures it was found that there were significantly higher levels of

each of the three isofi in females as pared to males and that in females cytokine
production was higher in the cells isolated during the follicular phase of the cycle. The
agonist/antagonist ratio (IL-1a. + IL-1B/IL-1ra) was higher in the luteal samples consistent
with Polan et al., 1990 and Cannon and Dinarello, 1985. In the LPS stimulated cultures
there was no significant gender or menstrual cycle related difference seen among any of

the i The agoni ist ratio (IL-1a + IL-1B/IL-1ra) was three-fold higher

in the follicular phase as compared to the other groups indicating that although women
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have elevated IL-1 activity in the luteal phase they have a more vigourous response to

challenge in the follicular phase (Lynch er al., 1994).

142 Sex Hormones and TNFa
The effects of E2 on TNFa release, measured by bioassay, from human PBMC in
vitro has been demonstrated by Ralston er al., 1990. Ralston examined TNFa release

from eight healthy p | and | women and from men. It was

found that in nonstimulated cultures of cells isolated from postmenopausal females with
E2 added at concentrations between 10"* - 10° M, TNFa release was significantly
inhibited but the male hormone DHT had no effect. In cells isolated from males and
premenopausal women E2 and DHT had no effect on TNFa release. In cultures stimulated
with LPS in the presence of either E2 or DHT no effect was seen in either of the groups.

Ralston also blished that cy ic diated by the PBMC supernatants was due

to the TNFa as it was abolished by a specific monoclonal Ab to TNFa.

The effect of female sex h on p | phage TNFa release was
shown in a study on five male rats. In this study resident peri | L
obtained by peritoneal lavage or oil-elicited h were used to ine TNFa
release after treatment with E2, P or LPS. The results indi d that resident p i

macrophages treated with concentrations of E2 or P greater than 10" ng/ml had

significantly reduced TNFa release d to d Is. Using oil-elicited

macrophages it was found that TNFa release was dose dependent. Maximal TNFa release
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was induced by E2 concentrations of 10~ ng/ml and this release was greater than that of
the controls. Concentrations less than 10™ or greater than 10" reduced TNFa release by
the macrophages. Progesterone results were similar to the E2 results. They also showed
that Te depressed TNFa release from male rat peritoneal cells (Chao et at al., 1995).

In addition to studies showing the effects of h on TNFa production other

studies have shown alterations in TNFa mRNA levels. Loy er al., 1992, tested whether

TNFo. mRNA levels in human peripheral ytes were d by gonadal steroids.

In this study, monocytes isolated from peripheral blood of 2 healthy females during their
respective luteal phases were cultured with LPS and P or E2 in dose response
experiments. The results showed that an inverse relationship existed between TNFa
mRNA production and concentrations of E2 or P, that is, the higher the dose of hormone

in the culture medium the lower the TNFa mRNA levels.

1.43 Sex Hormones and Other Cytokines
Tamoxifen and tormifene are anti-estrogenic chemicals that bind to estrogen
receptors. Jarvinen et al, 1996 studied whether these compounds had any effect on

phorbal 12-myristate 13-acetate (PMA) induced cytokine production of B, T or myeloid

cell lines. When tamoxifen or tormifene were added to B cell line cultures it was found
that both stimulated overall production of TNF, IFN-y, [L-4, [L-10, and IL-1p by the B
cell line. Results using a T cell line indicated that only tamoxifen stimulated cytokine

production, specifically IL-1§, IL-6 and IFN-y, whereas tormifene inhibited cytokine
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production. Cultures with a myeloid cell line showed no effect of the compounds on
cytokine production.

A study of fourteen normal women showed that there is no significant variation
in serum levels of IL-10, measured by ELISA, during the menstrual cycle in humans. It
is important to note that this study made use of multiple samples during the menstrual

cycle, specifically, 61 i les were taken in total from the 14 women

(Blakemore et al., 1996).

M: ki er al., 1995 i i d the ch in soluble [L-6R and IL-6 levels

in serum of eighty pregnant and forty-five nonpregnant women by ELISA (n=18 in the
follicular and luteal phase, n=9 at ovulation). The group found that sIL-6R in

women ined unch d during the menstrual cycle; that the level in

pregnant women, although higher than in nonpregnant women did not show changes with
respect to stage of pregnancy and that serum IL-6 concentration did not differ between the
groups or during the cycle.

Another study quantitated the amounts of IL-6 present in the cervical mucus of
women with regular menstrual cycles both before and after ovulation. Cervical mucus
was obtained from 15 ovulating women during the 5 days before ovulation (follicular) and

during the 5 days after ovulation (luteal). Analysis of IL-6 showed a wide range of

individual variation in the levels of IL-6 and trend analysis d d an i in
IL-6 levels in samples obtained from the follicular phase with a decrease at ovulation

(Kutteh ez al., 1996).
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Although much work has been done on the influence of female sex hormone less
has been done on the influence of male hormones on cytokine production. In vivo i.p.

injection of mice with DHEA or DHEAS (sulfonated form of DHEA) resulted in greater

levels of IL-2 produced by T cells in sub in vitro cul imulated with anti-
CD3 than in untreated controls. This study also showed that direct in vitro culture with
DHEA at low doses enhanced the capacity to secrete IL-2 following stimulation (Daynes

et al., 1990).

144 Pilot Study
Our unpublished pilot study, similar to this project, suggested that there were

cyclical ch in cytokine production in females in relation to the menstrual cycle. In

the pilot project we measured the cytokines IL-2, IL-4 and IFNy, in cultures of
mononuclear cells stimulated with anti-CD3. We isolated PBMC from 5 women four

times during their cycle, twice in the follicular phase and twice in the luteal phase. Our

results indicated that production of IL-2 fl d during the | cycle with a peak
in the follicular phase and possibly a second peak in the luteal phase. The pilot study
failed to take into account length of cycle, health of the volunteers, and whether or not

the volunteers ovulated.
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1.4.5 Conclusions

A y of the rel human cytokine information in relation to gonadal

hormones is presented in Table 1.2. This table includes the cytokine examined, the
number of participants in the study, the source of the material tested, the results that are
applicable to this project and the reference. The table is organized by cytokine.

It would thus appear that i) and p do infl IL-1 and TNFa

4t

on the ion of the

production in in vitro cultures, the effect d
ii) IL-1 production by unstimulated cells is higher when cells are isolated from women
in the luteal phase than in the follicular phase, the reverse is true when the cells are
stimulated with LPS (what happens in between the two points is unknown). iii) Plasma
IL-1 is higher in women in the luteal phase than in the follicular phase, but again, what
happens between the two time points is unknown. iv) There is no significant change in

serum IL-10 ion during the | cycle.

It is apparent that many of the studies on hormonal influence of cytokines
employed only few subjects and only one time point. In about half of the studies 2 points
were obtained in the cycle, one in the follicular phase and one in the luteal phase. We
wanted to investigate the influence of hormones on cytokine expression at different phases
of the menstrual cycle using a larger sample size and many more sampling days.
Differences are observed between the follicular and luteal phases in several studies but
whether changes occurred that were not being picked up as a result of taking only two

time points is unknown. In addition, in several studies the women who provided the
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follicular phase samples were not the same as those who provided the luteal phase
samples. It was our intent to control for the extra variable by using the same volunteers

and ling them throughout their I cycle so we could see the differences that

occur in individual women.
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Table 1.2. Summary of human cytokine data in relation to the female gonadal hormones.
The cytokine examined, the number of participants in the study, the source of the matenal

tested, the results and the references are given.

Cytokine n* Source Results Reference
IL-1
5 e plasma IL-1 activity T Cannon and
in L* Dinarello,
1985
& peripheral E2 10°-10"° M
monocytes TIL-1
P10%-10°M T  Polan eral,
IL-1 1988b
E2orP 10" M
L1
2 placental produce IL-1
monocytes
Flynn, 1984
P338D cell TIL-1 at
line physiol. conc. of
E2 and P
$IL-1 at>
conc.
8 9 F peripheral T-1inL Polan et al.,
S8L monocytes 1990
6 9 pregnant
?L peripheral Tin IL-1B
monocytes mRNA as E2Z or  Polan er al.,
Pl 1989
peritoneal
macrophages




5¢

14 pm* ¢

7 prm® ¢

8 E2/P pm ¢
15 ¢
oophorectomy

[ WV}
Q

8 prm ¢
8pm ¢
8d

29

granulosa and
cumulus cells
from F fluid

peripheral
macrophages

peripheral
monocytes

PBMC

PBMC 1
sample in F
and L

PBMC

PBMcin L

IL-1 mRNA in L
phase not in F
phase

IL-1 mRNA in F
= men
3fold>in L
IL-1 activity in
pm > prm or
E2/P pm

T IL-1 and
TNFa

E2 treatment 4
IL-1 and TNFa

unstimulated
IL-la TFvsL
IL-1B TFvsL
IL-ira TFvsL
L-la + IL-1B
M-lra TL

stimulated

all isoforms of
IL-1 5
L-la + IL-1B
AL-1ra TF

unstimulated
pm + E2

1 TNFa

d or prm + E2
TNFa —>

stimulated
no effect

L TNFass Tin
E2or P

Polan er al.,
1994

Pacifici et al.,
1989

Pacific et al.,
1991

Lynch et al.,
1994

Ralston er al.,
1990

Loy et al.,
1992
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IL-10 14 ¢
multiple
samples

IL-6 15 ¢

80 pm ¢

45 prm ¢ (18
FandL, 9 at
0)

serum

cervical mucus

serum

IL-10 >

L-6TF

IL-6 { at Ovul
sIL-6R and IL-6
— in prm

or in stages of
pregnancy

Blakemore et
al., 1996

Kutteh et al.,
1996

Matsuzaki et
al., 1995

" number of participants in the study if known

* female

® male

© increases or greater
¢ Luteal phase

© Follicular phase

! decreases or lower
¢ postmenopausal

* premenopausal

' no difference
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15 Aims and Objectives

Based on the literature available and our pilot study data (section 1.4.4) our

hypothesis was that cytoki xpressi ion is lated in females by ovarian
hormones and therefore affected by hormonal changes of the menstrual cycle.

Specifically, that the capacity of cells to prod ytokis as d either by

circulating cytokine levels or secretion by cells in culture, is affected by the changing
levels of steroid hormones in vivo.

We chose to examine production of IL-2, [L-4, [L-Ira, IL-1B, IL-6, TNFa and
[FNy with a view to determining whether one or more of these displayed identical
patterns of change in all the women studied. The one or ones with the most predictable

pattern could then be used for future studies.

The objectives of this project were :

1) to establish culture and stimulati diti llowing di in sup

of PBMC of various cytokines by commercial ELISA's

2) to create a sample set of serum and cells from normal healthy females at known
points in their menstrual cycle (ovarian cycle)

3) to create a similar sample set of controls using normal healthy males

4) to levels of and luteinizing h in the

females and testosterone in the males

5) to compare variability of cytokine production in circulation and in sup
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The

of stimulated and unstimulated cells in culture, in males and females

6) to monitor serum cytokine levels and cytokine production by unstimulated and
stimulated cells in culture over the course of the menstrual cycle

7) to determine if there is cyclical variation, in females, of cytokine levels in
serum or cytokines produced by cells in culture

8) to determine if variation in cytokine expression is linked to cyclical changes in

the hormones and luteinizing hormone

9) to select and use appropriate statistical methods for analysis of multiple data

points from a small number of individuals.

that were d in serum were: [L-1B, IL-1ra, IL-6, TNFa.

that were d in culture were: IL-1B, [L-1ra, [FNy, IL-2, and IL-4.
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CHAPTER I1

MATERIALS AND METHODS

2.1 Volunteers
2.1.1 Cycling Women Selection Process:
The cycling volunteers were recruited from the university population through the

use of posters and presentations to various classes. They were screened using an Human

I igation Ci i approved

4 by us (Appendix A). Vol

criteria were as follows:

Healthy ( subjective, based on the report
of the individual)

C id (subjective, based on app
Women between the ages of 19-29 years
Not known to be pregnant

Not taking any medication

Not taking oral contraceptives

Stable menstrual cycles, appr. 28 days
No history of major medical problems
Normal height and weight (Body Mass
Index, BMI)

Based on the above criteria 19 cycling volunteers were chosen to enter the study and

proceed to Phase [ out of 24 who volunteered to be screened.

2.1.2 Control Selection Process

Four males between the ages of 20-25 and 2 post-menopausal women, 57 and 59
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years old, respectively, were chosen through the use of a similar questionnaire. It was

to recruit 4 p | women but that could not be accomplished. In the

end we had only 2 and one women was not proved lusively to be post-
thus we did not include this data in the results though the raw data can be found in
Appendix B. The criteria for the controls were as follows:

Healthy (subjective, based on the self
report)

Caucasecid (subjective, based on appearance)

No history of major medical problems

Normal height and weight (BMI)

Not taking any medication

22 Phase I

Phase I of the study was designed to d ine which vol were b

to proceed to the quantification stage (Phase II) of the study. Volunteers were required to

monitor the symptoms they experienced during the course of three menstrual cycles using

a Menstrual Cycle Diary (2.2.1 and A dix A). In additi the vol itored
their ovulation time with the aid of a cial OvuQuick self-test kit (Phar
Inc., Montreal) that detects the p or ab: of luteinizing hormone in urine. This

is useful because it is known that when LH peaks then ovulation proceeds 24 to 36 hours

later.
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2.2.1 Menstrual Cycle Diary
All the cycling volunteers, 21 in total, were required to complete the Diary in the

evening for each day during the cycle. This was done for 3 full cycles. The diary

d d the symp that each vol had, health status, and medication
consumed. The diary is a single page, self report questionnaire that measures the
magnitude of symptom severity on a scale from 1-3. There are 21 symptoms assessed in

the diary. The instructions for completing the Diary as well as the Diary itself can be

seen in Appendix A. Briefly, if the vol did not experi any symp the space
ding to that symp was left blank, if the symptom was mild (noticeable but
not troublesome), the number 1 was ded, if the symp was mod (interferes

with normal activity) a 2 was recorded, and if the symptom was severe (temporarily

dad

)a3 was

2.2.2 OvuQuick Kit
Materials:

Urine Dropper- To add the urine to the test pad

Urine Cup- For collection of urine.

Test Pads- Pads that test the urine.

Bottle A-D-Chemicals that allow detection of
LH.

Buffer, Enzyme conjugate, Substrate, Step
solution.

Methods:

Urine was collected between 10:00 and 20:00 and was not the first urine of the
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day. Date, cycle day and time were recorded when the sample was obtained. The enzyme
conjugate was then prepared and left to stand for 10 minutes. The test pad was removed
from the pouch and 6 drops of urine placed in the centre. Three drops of buffer were
added to the test pad and allowed to soak in. Six drops of the enzyme conjugate

followed, timed for 1 minute exactly. Six drops of substrate were added and the reaction

allowed to proceed for exactly 3 mi with the 1 inated by adding stop
solution(6 drops). A color change to blue at the site of urine application was considered

a positi ion, ie. luteinizing hormone was present in the urine.

2.3 Phase I
Nine cycling females were chosen to enter into Phase II of the study based on the
data gathered from Phase [. During this phase the subjects were also asked to continue

to monitor their ion times and inue to plete the I Cycle Diary. In

addition, both the female volunteers and the male controls were asked to complete a
questionnaire every time they were bled (Appendix A). This ensured information on the

health, sexual activity and general well-being of the individual.

2.3.1 Collection of Blood Samples
The 9 cycling female volunteers were bled three times a week for five weeks.

Blood was obtained by in iner tubes b the hours of 8:30-20:00.

A total of 5 x 10 ml V; iner (Becton-Dick NJ) tubes of blood was collected from
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the subject; 3 tubes ined ACD (acetate-citrate-d: as an and 2

Vi i tubes ined no additive (serum ing tubes).

The control volunteers were bled 3 times a week for 3-4 weeks, in the same
manner as the cycling females.

Before they could consent to the above all subjects were required to have their

h lobin levels d (H logy Lab y, Health Sci Centre, St. John's,
NF). A minimum value of 90g/l was required for entry into the study. As well
hemaglobin levels were measured at the end of the five weeks. This data can be seen in
Appendix A, Table A.1. This table also includes information on cell populations at the

beginning and the end of the study.

2.3.1.1 Preparation of Cells

Peripheral blood mononuclear cells (PBMC) were isolated from fresh blood using

di centrifi i in Lympk ™ (Cederlane,Ontario). The ACD

density

Vacutainer tubes were spun at 2000 rpm (1000 x g) for 10 minutes and the buffy coat
removed. The resulting 9 ml from the 3 tubes were combined and diluted 1:2 in sterile
PBS (Phosphate Buffeted Saline) then layered onto 4.5 ml of Lymphoprep™ in each of
three 15-ml centrifuge tubes at room temperature. The tubes were then centrifuged for 20
minutes at 2000 rpm. The PBMC layer was removed with the aid of a Pasteur pipette and

washed twice in Hanks Bal d Salt Solution (IBN Bi dicals, California),and once

in culture medi d and ded at a ion of 5 x 10%ml or 2.5 x

10%ml in culture medium.
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23.1.2 Culture Medium
The culture medium used for the cytokine stimulations was prepared sterile and
consisted of:
500 mI RPMI 1640 (Gibco/BRL,Burlington)
5 ml FCS (Foetal Calf serum) (Gibco/BRL)
5 ml L-Glutamine 200mM (Gibco/BRL)

5 ml Sodium Pyruvate 100mM (ICN Biomedicals, CA)
5 ml Penicillin Streptomycin 50001.U/ml (ICN Biomedicals)

2.3.2 Stimulation Protocol

The stimulation p Is varied depending on which type of cytokine we wished

to measure. The systems were worked out prior to the beginning of Phase I and IT (see

section 3.5)

2.3.2.1 Induction of IL-2 and IL-4 Secretion
IL-2 and IL-4 secretion was induced with 50 pug/ml PHA (Phytohemagglutinin,

Boehri Mannheim, M 1) for 24 hours. Aliquots of 1ml of freshly isolated PBMC

at a concentration of 5 x 10° cells/ml were deposited in 2 sterile Falcon tubes (Becton/
Dickinson, Montreal). The cells in one tube were stimulated with 10ul PHA (5mg/ml)
dissolved in sterile water, while the other cells served as a control, having no known
stimulant, to see if the cells were naturally secreting IL-2 and IL-4. The cells were

incubated at 37°C in a 5% humidified CO,-incubator for 24 hours.
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2322 Induction of IL-1f and IL-1ra Secretion

2.5 x 10° cells/ml were stimulated with Lipopoly haride (Sigma, NIJ, stock
solution at Img/ml in RPMI) in round-bottom sterile polystyrene plates (Life
Technologies, Burlington) at 200ul of cell suspension per well with 8ug/mil LPS per well
for 24 hours at 37°C in a humidified 5% CO,-incubator. There were 16 wells in total, 8

lated and 8 A

2.3.2.3 Induction of INF-y S
5 x 10° cells/ml were incubated in 0.5 ml aliquots, in 2 sterile Falcon tubes, for
48 hours at 37°C in a 5% humidified CO,-incubator. To one tube, PHA had been added

(50pug/ml), the other tube served as an unstimulated control.

2.3.2.4 Harvest of Culture Supernatants

At the end of the stimulation time the tubes were centrifuged at 1500 rpm for 10
minutes. The supematants were removed with a sterile pipette, under sterile conditions
and frozen at -70°C in 250ul (IL-2) and 500pl (IL-4, INF-y, IL-1ra, IL-1B) aliquots to be

tested later in ELISAs.

2.33 Serum samples
The serum-separating tubes were left at room temperature to clot for at least 1 hour

before spinning the tubes at 2000 rpm for 20 minutes. The serum was then removed from
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the tubes and divided into several aliquots which were frozen at -70°C. There were
approximately 12 aliquots per person and these were later used to determine the levels of

LH, IL-1B, IL-1ra, [L-6 and TNFa (also total

hemolytic complement and C3, see discussion).

2.4 ELISA Assays
The cytokines in this study were all measured by commercial ELISA assay. Table
2.1 summarizes the manufacturer of each ELISA kit, the sample assayed, the sample

volume used, and the sensitivity of the assay. All samples were run in parallel and all the

d for one vol during the menstrual cycle were run on the same

plate. Specific details about the procedure can be found in the following sections.

2.4.1 General Principle of the [L-2 Immunoassay

The plates were purchased from R&D Systems Minneapolis, MN. This assay

ploys the itative "sandwich” y : b A fonal

ded dard:

antibody specific for [L-2 has been coated onto the microtiter plate p
and samples are pipetted into the wells and any IL-2 present is bound to the immobilized

ibody. After hing away any unbound ins, an enzyme-linked polyclonal

antibody specific for IL-2 is added to the wells to "sandwich” the IL-2 immobilized during
the first incubation. Following a wash to remove any unbound antibody-enzyme reagent,

a substrate solution is added to the wells and color develops in
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Table 2.1 Summary of the cytokines examined for each of the volunteers with reference
to the commercial source of the ELISA kit, sample and sample size, and sensitivity of the

assay as d by the fz
Cytokine Commercial Sample Sample Sensitivity
Source Volume
IL-2 R&D Systems  Supemnatant 100ul 6.0 pg/ml
L4 R&D Systems  Supemnatant 200ul 3.0 pg/ml
IL-4 Biosource Supematant 50ul 2.0 pg/ml
IL-1ra R&D Systems  Supematant 200ul 22.0 pg/ml
Serum 200ul 22.0 pg/ml
IL-1B Biosource Serum 100u1 0.083 pg/ml
-1 Biosource Supernatant 50ul 1.0 pg/ml
IFNy R&D Systems  Supernatant 200ul 3.0 pg/ml
IL-6 Biosource Serum 100pl 0.104 fg/ml
TNFa Biosource Serum 100ul 0.112 fg/ml

53



proportion to the amount of IL-2 bound in the initial step. The color development is

stopped and the intensity of the color is measured.

2.4.1.1 Procedure:

The ials were provided by R&D Sy and ied the kit. The [L-2

standard curve was generated by preparing doubling dilutions from 2000pg/ml to

31.3pg/ml in the 'calibrator diluent RDS' provided. The first dilution was prepared by

the 10ng of bi human IL-2 with 5 ml of 'calibrator diluent RD5'
to give a concentration of 2000pg/ml. This stock solution was left to stand for 15 minutes
before the dilutions were made.

After the les needed to the dard curve were made, 100ul of

Assay Diluent RD1A was added to the wells prior to adding the samples (the supernatants
resulting from the PHA stimulation) and standards. 100ul of standard or sample were

added to the wells in dupli mixed, d and incubated at room temp for 2

hours.

Each well was then washed with the wash buffer provided by alternately filling
and aspirating the wells 3 times. After the final wash the plate was inverted and blotted
on paper towel to remove any remaining liquid.

200ul of IL-2 'conjugate’, Horse Radish Peroxidase(HRP) labelled anti-IL-2, were
then added to all the wells with a multi-pipette. The plate was covered and incubated at

room temperature for 2 hours.

54



After washing the plate 3 times, 200ul of 'sub (ch and hydrog

peroxide) were added per well and incubated for 20 mi The ion was stopped by

adding 50ul of the 'stop solution’ provided. The optical densities (OD) were read at

450nm on a Bio-Rad Microplate Reader.

Standard curves were d with Log OD's plotted against Log standard IL-2
L-2 1 in the culture samples were determined with the
Micropl fity (Bio-Rad, Missi ON). The mini d ble dose

of the assay was 6.0pg/ml.

242 G | Principle of the IL-4 L D

The plates were purchased from R&D Systems, Minneapolis, MN. This assay

loys the quantitati dwich i hnique and is identical to that

ploy o

of IL-2 with the exception that the cytokine assayed for is IL-4.

2.4.2.1 Procedure:

The ials were provided by R&D Sy and were included in the kit. The

L4 dard curve was d by p ing doubling dilutions from 2000pg/ml to

31.3pg/ml in the ‘calibrator diluent RDS' (culture media diluent) provided. The first
dilution was prepared by reconstituting the 10ng of recombinant human [L-4 with 5 ml
of ‘calibrator diluent RDS5' to give a concentration of 2000pg/ml. This stock solution was

left to stand for 15 minutes before the dilutions were made.
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After the dilutions were made, 200ul of standard or sample (the supematants
resulting from the PHA stimulation) were added to the wells in duplicate, covered and

at room for 2 hours.

Each well was then washed with the wash buffer provided by alternately filling
and aspirating the wells 3 times. After the final wash the plate was inverted and blotted
on paper towel to remove any remaining liquid.

200ul of IL-4 'conjugate’ (HRP labelled anti-IL-4) were then added to all the wells

q h

and i d at room for 2

with a multi-pipette. The plate was
hours.
After washing the plate 3 times, 200ul of 'substrate’ were added per well and

bated for 20 mi The ion was stopped by adding 50ul of the 'stop solution’

provided. The optical densities (OD) were read at 450nm on a Bio-Rad Microplate

Reader.
Standard curves were d with Log OD's plotted against Log standard IL-4
IL-4 i in the culture samples were determined with the
Microplate M: ft (Bio-Rad, Missi: ON). The mini d ble dose

of the assay was 3.0 pg/ml.

2.4.3 General Principle of the [L-4 Immunoassay (II)

The plates were purchased from Bi ional, Camarillo, CA. This [L-4

assay is slightly different from the R&D Systems one. The use of a different assay was
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due to y ints as the Bi plates are less expensive. As in the previous

assay the wells of the plate are coated with anti-IL-4. The difference lies in the fact that
once the samples are added to the wells a biotinylated second antibody is added and

incubated. During the first incubation the IL-4 antigen binds simultaneously to the

immobilized antibody on one site and to the solution-phase biotinylated antibody on a
second site.

After removal of the excess second antibody, Streptavidin-P idase (enzyme) is
added. This binds to the biotinylated antibody to lete the fi b dwich

The remainder of the assay is the same as for the R&D plates.

2.4.3.1 Procedure:

The ials were provided by Bi I ional and were included in the

kit. The IL-4 standard curve was d by preparing doubling dilutions of IL-4 from

500pg/ml to 3.9pg/ml in the 'standard diluent buffer’ provided. The first dilution was

prepared by ituting the bi human IL-4 with 'standard diluent buffer' to
give a concentration of 2.5ng/ml. This stock solution was left to stand for 15 minutes
before the dilutions were made. Then 100ul of this stock solution was diluted in 400ul
to give a concentration of 500pg/ml IL-4.

100u! of the 'standard diluent’ were added to each well and an additional 50ul of

the 'standard diluent' were added to the zero wells (no IL-4) prior to adding the standards

and les. SOl of the standards and les were added in dupli followed by SOul
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of 'biotinylated anti-IL-4' (biotin conjugate) solution into each well except the blank wells
(no anti-IL-4). The contents of each well was mixed by tapping the plate gently. The
plate was covered and incubated for 2 hours at 37°C.

The plate was washed with the buffer provided by al ly filling and asp

the wells. After the final wash the plate was inverted and blotted on paper towel to

remove any excess liquid. 100ul of ptavidin-HRP king conjugate’ were added to
all the wells except the blank , the plate was covered and incubated at 37°C for 2 hours.
After the plate was washed 4 times, 100ul of 'stabilized chromogen' were added
to each well and the plate incubated in the dark for 25 minutes. The reaction was
terminated with 100ul of the 'stop solution' provided. The optical densities (OD) were
read at 450nm on a Bio-Rad Microplate Reader.
Standard curves were generated with OD's plotted against standard IL-4

IL-4 i in the culture samples were determined with the

Microplate Manager software (Bio-Rad, Mississauga, ON). The minimum detectable dose

of the assay was 2.0 pg/ml.

2.4.4 General Principle of the IL-1ra Immunoassay

The plates were purchased from R&D Systems, Minneapolis, MN. This assay

h d

ploys the itative sandwich enzyme i ique and is i ical to that

of IL-2 and IL-4 with the exception that the cytokine assayed for is IL-1ra.
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2.4.4.1 Procedure:

The ials were provided by R&D Sy and were included in the kit. The

IL-1ra dard curve was d by preparing doubling dilutions of IL-1ra from 3000

pg/ml to 46.9 pg/ml in the "calibrator diluent RD6G' (serum sample diluent) provided. The

first dilution was prepared by ituting 6ng of bi human IL-1ra with 2 ml

of 'calibrator diluent RD6G' to give a concentration of 3000 pg/ml. This stock solution
was left to stand for 15 minutes before the dilutions were made.

After the dilutions for the standard curve were made, 50ul of 'assay diluent RD1E'
were added to each of the wells prior to adding the serum samples and standards. When

this step was not necessary. 200ul of standard or sample

ying the culture

(serum or culture supernatant) were added to the wells in duplicate, mixed, covered and

d at room for 2 hours.

Each well was then washed with the wash buffer provided by alternately filling
and aspirating the wells 4 times. After the final wash the plate was inverted and blotted
on paper towel to remove any remaining liquid.

200yl of IL-1ra 'conjugate’ (HRP labelled anti-IL-1ra) were then added to all the

wells with a multi-pipette. The plate was covered and incubated at room p for
2 hours.
After washing the plate 4 times, 200ul/well of 'substrate’ were added to the plate

and incubated for 20 mi The ion was stopped by adding 50ul/well of the 'stop

solution' provided. The optical densities (OD) were read at 450nm on a Bio-Rad
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Microplate Reader.

Standard curves were d with Log OD's plotted against Log standard IL-1ra
IL-lra i in the serum samples were determined with the
Microplate M: ft (Bio-Rad, Missi ON). The minimum detectable dose

of the assay was 22.0 pg/ml.

This assay was used for both the serum and culture supemnatants. In the serum
analysis, the procedure was as stated. In the analysis of the culture supernatants, a dilution
of the sample was needed. For the unstimulated supemnatants a dilution of 1:10 was used
and for the stimulated supernatants a dilution of 1:20 was used. In addition, the standard
curve ranged from 2000 pg/ml to 15.6 pg/ml when assaying the culture supernatants.
Samples that were above or below the sensitivity of the plate were noted in the tables of
data in Appendix B and were omitted from the subsequent calculations. When
considering the raw data, that is, the values obtained from the ELISA, for IL-lra, the
dilution allowed for the highest value measured to be 40,000 pg/ml, although,
extrapolation of the standard curve gave values in the 60,000 pg/ml range. Values that

are seen in the tables as greater than signs (>) indi that these pl ded the

3.0 optical density of the plate reader.

2.4.5 General Principle of the IL-18 UltraSensitive Inmunoassay

h

The plates were p d from Bi I ional, Camarillo, CA. The

principle of this assay is the same as that of the Biosource IL-4 ELISA with the exception
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that the cytokine assayed for was IL-1B. This assay was used to measure IL-1f in serum

samples.

2.4.5.1 Procedure:

The ials were provided by Bi I ional and were included in the
kit. The IL-1P standard curve was generated by preparing doubling dilutions of IL-1B
from 10 pg/ml to 0.08 pg/ml in the 'standard diluent buffer' provided. The first dilution
was prepared by reconstituting 5.9 ng of recombinant human IL-1p with 2.36 ml of
‘standard diluent buffer’ to give a concentration of 2500 pg/ml. This stock solution was
left to stand for 15 minutes before the dilutions were made. Then 25ul of this stock
solution was diluted in 6.23ml to give a concentration of 10 pg/ml IL-18.

150ul of the 'standard diluent’ were added to the blank wells and 100ul was added

to the zero wells (0 pg/ml). 100ul of the standards and samples (serum) were added in

dupli followed by 50pl of 'biotinylated anti-IL-1p' (biotin conjugate) solution into each
well except the blank wells. The contents of the wells were mixed by tapping the plate
gently. The plate was covered and incubated for 2 hours at room temperature.

The plate was washed 4 times with the buffer provided, inverted and blotted on
paper towel after the final wash. 100ul of 'streptavidin-HRP working conjugate’ were
added to all the wells except the blank wells , the plate was covered and incubated at

room temperature for 30 minutes.

After the plate was washed 4 times, 100ul/well of 'stabilized chromogen' were
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added and incubated in the dark for 25 minutes. The reaction was terminated with
100ul/well of the 'stop solution’ provided. The optical densities (OD) were read at 450nm
on a Bio-Rad Microplate Reader. The blank wells contained only chromogen and stop
solution and were used to blank the plate reader.

Standard curves were generated with OD's plotted against standard IL-1B

IL-1B ions in the serum samples were determined with the

Mi it (Bio-Rad, Missi ON). The minimum detectable dose

of the assay was 0.083 pg/ml. Samples that were above or below the sensitivity of the
plate were noted in the tables of data in Appendix B and were omitted from the

subsequent calculations.

2.4.6 General principles of the II-13 Immunoassay

The plates were purchased from Bi I ional, Camarillo, CA. The

principle of this assay is the same as that of the Biosource [L-4 ELISA with the exception
that the cytokine assayed for was IL-1B. This assay was used to measure IL-1B in culture

supernatants.

2.4.6.1 Procedure

I ional and were included in the

The materials were provided by Bi

kit. The IL-1P standard curve was d by ing doubling dilutions of IL-18

from 2000 pg/ml to 3.9 pg/ml in the 'standard diluent Quffer' provided. The first dilution
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was d by ituting the bi human IL-1p with 'standard diluent buffer'

to give a concentration of 2500 pg/ml. This stock solution was left to stand for 15
minutes before the dilutions were made.

100pl of the 'standard diluent’ were added to the blank wells and S0ul were added
to the zero wells (0 pg/ml). SOul of the standards and samples (culture supernatants,
nonstimulated supernatants were assayed neat and stimulated supernatants were diluted
1:10) were added in duplicate followed by 50ul of ‘biotinylated anti-IL-1B' (biotin
conjugate) solution into each well except the blank wells. The contents of the wells were
mixed by tapping the plate gently. The plate was covered and incubated for 1 hour at
room temperature.

The plate was washed with the buffer provided 4 times, inverted and blotted on

paper towel after the final wash. 100ul of 'streptavidin-HRP working j ! were
added to all the wells except the blank wells, the plate was covered and incubated at room
temperature for 30 minutes.

After the plate was washed 4 times, 100ul/well of 'stabilized chromogen' were
added and incubated in the dark for 25 minutes. The reaction was terminated with
100pl/well of the 'stop solution' provided. The optical densities (OD) were read at 450nm
on a Bio-Rad Microplate Reader. The blank wells contained only chromogen and stop
solution and were used to blank the plate reader.

Standard curves were generated with OD's plotted against standard IL-1B

IL-1B i in the culture samples were determined with the
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Microplate Manager soft (Bio-Rad, Mi ON). The mini . blé doae
of the assay was 1.0 pg/mi. Note: the samples that were above or below the sensitivity
of the plate were noted in the tables of data in Appendix B and were omitted from the

subsequent calculations.

2.4.7 General Principle of the [FN-y Inmunoassay

The plates were purchased from R&D Systems, Minneapolis, MN. This assay

employs the itati dwich enzyme 1 hnique and is id | to that

of IL-2 with the

that the cytoki yed for is [FN-y.

The ials were provided by R&D Sy and ied the kit. The [FN-

curve was d by preparing doubling dilutions from 1000 pg/ml to 15.6

pg/ml in the 'calibrator diluent RD6R' provided. The first dilution was prepared by

5.0 ng of bi human IFN-y with 5 ml of 'calibrator diluent RD6R’

to give a concentration of 1000 pg/ml. This stock solution was left to stand for 15
minutes before the dilutions were made.

After the les needed to the dard curve were made, 50yl of 'Assay

Diluent RD1Z' were added to the wells prior to adding the samples (the supernatants
resulting from the PHA stimulation) and standards. 200ul of standard or sample were

added to the wells in dupli mixed, d and incubated at room temp for2.5




Each well was then washed with the wash buffer provided by alternately filling
and aspirating the wells 4 times. After the final wash the plate was inverted and blotted
on paper towel to remove any remaining liquid.

200yl of IFN-y 'conjugate’, Horse Radish Peroxidase (HRP) labelled anti-IFN-y,
were then added to all the wells with a multi-pipette. The plate was covered and

d at room for 2 hours.

After washing the plate 4 times, 200ul of 'sub ' (ch and hydrog
peroxide) were added per well and incubated for 20 minutes. The reaction was stopped
by adding 50ul of the 'stop solution' provided. The optical densities (OD) were read at

450nm on a Bio-Rad Microplate Reader.

Standard curves were d with Log OD's plotted against Log standard IFN-y
IFN-y i in the culture samples were determined with the
Microplate M: ft (Bio-Rad, Missi: ON). The minimum detectable dose

of the assay was 3.0 pg/ml.

2.4.8 General Principle of the [L-6 Ultrasensitive Inmunoassay

hased from Bi I ional, Camarillo, CA. The

The plates were p
principle of this assay is the same as that of the Biosource [L-4 ELISA with the exception

that the cytokine assayed for was IL-6.
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2.4.8.1 Procedure

The materials were provided by Bi ional and were included in the

kit. The IL-6 standard curve was d by preparing doubling dilutions of [L-6 from

10 pg/ml to 0.156 pg/mi in the 'standard diluent buffer' provided. The first dilution was

prepared by ituting the bi human IL-6 with 'standard diluent buffer’ to

give a concentration of 310 pg/ml. This stock solution was left to stand for 15 minutes
before the dilutions were made.

150ul of the 'standard diluent' were added to the blank wells and 100ul was added
to the zero wells (0 pg/ml). 100ul of the standards and serum samples were added in
duplicate. The plate was covered and incubated for 3 hours in a 37°C chamber.

The plate was washed with the buffer provided 4 times, inverted and blotted on
paper towel after the final wash. 100ul of 'biotinylated anti-IL-6' (biotin conjugate)
solution into each well except the blank wells. The plate was covered and incubated for
45 minutes at room temperature.

The plate was washed with the buffer provided 6 times, inverted and blotted on
paper towel after the final wash. 100ul of 'streptavidin-HRP working conjugate’ were
added to all the wells except the blank wells , the plate was covered and incubated at
room temperature for 45 minutes.

After the plate was washed 4 times, 100ul/well of 'stabilized chromogen' were

added and incubated in the dark for 25 mi The ion was inated with

100ul/well of the 'stop solution’ provided. The optical densities (OD) were read at 450nm
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on a Bio-Rad Microplate Reader. The blank wells contained only chromogen and stop
solution and were used to blank the plate reader.

Standard curves were generated with OD's plotted against standard IL-6

IL-6 1 in the serum samples were determined with the

Microplate N ft (Bio-Rad, Missi ON). The mini d ble dose

of the assay was 0.104 pg/ml.

2.4.9 General Principle of the TNF-a Ultrasensitive Inmunoassay

The plates were purchased from Bi ional, Camarillo, CA. The
principle of this assay is the same as that of the Biosource [L-4 ELISA with the exception

that the cytokine assayed for was TNF-a.

2.49.1 Procedure

The ials were provided by Bi I ional and were included in the

kit. The TNF-a dard curve was d by preparing doubling dilutions of TNF-a

from 32 pg/ml to 0.5 pg/ml in the 'standard diluent buffer’ provided. The first dilution was

prepared by ituting the r bil human TNF-a with 'standard diluent buffer'
to give a concentration of 2000 pg/ml. This stock solution was left to stand for 15
minutes before the dilutions were made.

100pul of the 'standard diluent’ were added to the blank wells and to the zero

wells(0 pg/ml). 100ul of the standards and serum samples were added in duplicate. The
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plate was covered and incubated for 3 hours in a 37°C chamber.

The plate was washed with the buffer provided 4 times, inverted and blotted on
paper towel after the final wash. 100pl of 'biotinylated anti-TNF-a' (biotin conjugate)
solution into each well except the blank wells. The plate was covered and incubated for
1 hour at 37°C.

The plate was washed with the buffer provided 6 times, inverted and blotted on
paper towel after the final wash. 100ul of 'streptavidin-HRP working conjugate' were
added to all the wells except the blank wells , the plate was covered and incubated at
room temperature for 45 minutes.

After the plate was washed 4 times, 100ul/well of 'stabilized chromogen' were

added and incubated in the dark for 10 mi The ion was terminated with

100ul/well of the 'stop solution' provided. The optical densities (OD) were read at 450nm

on a Bio-Rad Microplate Reader. The blank wells contained only chromogen and stop
solution and were used to blank the plate reader.
Standard curves were generated with OD's plotted against standard TNF-o

TNF-a i in the serum samples were determined with the

Mi TN . (Bio-Rad, Missi ON). The mini q ble doso

of the assay was <0.112 pg/ml.

2.5 Hormone Radioimmunoassays (RIA)

The hormones in this study were measured by commercial RIA assay. Table 2.2
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Table2.2. §

y of the h

d for each of the volunteers with reference

to source of the RIA, sample and sample size, and sensitivity of the assay.

Hormone Commercial Sample Sample Size Sensitivity
Source

17B-Estradiol  ICN Serum S0ul 5 pg/ml
Biomedicals

Progesterone ICN Serum 100ul 0.1 ng/ml
Biomedicals

Luteinizing Immunocorp Serum 100ul 0.46 UL

Hormone

Testosterone ICN Serum 50ul 0.05 ng/ml
Biomedicals
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summarizes the source of the RIA, the sample assayed, the sample volume used, and the
sensitivity of the assay. All samples were run in parallel and all the samples collected for
one volunteer during the menstrual cycle were run on the same kit. Specific details about

the procedures can be found in the following sections.

2.5.1 General Principle of the 17f-Estradiol RIA

The RIA kit was purchased from ICN Biomedicals, California. The Estradiol(E2)
RIA kit detects the unconjugated form of the steroid. Radioimmunoassays depend on the
ability of an antibody to bind its antigen. To quantitate the antigen, the radioactive and
nonradioactive form of the antigen compete for binding sites on a specific antibody. As
more nonradioactive antigen is added, less radioactive antigen remains bound until
equilibrium between free and antibody bound antigen occurs.

In the assay a limited amount of specific antibody is reacted with '*T labelled

Upon addition of an i ing amount of estradiol, a correspondingly

decreased amount of labelled estradiol is bound to the antibody due to the competitive

binding principle. After ing the antibody bound '*1 diol from the unbound
the amount of radioactivity in the antibody-hormone lex is d and used to
construct the standard curve from which the unk sample ions are d
25.1.1 RIA Protocol:

The ials were provided by ICN Bi dicals and ied the kit. The
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iate ber of di ble glass 2ml tubes were labelled and placed in a test tube

approp P

and les were d to come to room temperature before use.

rack. All the

e o

The standard curve was constructed using the cial pi and

consisted of concentrations 0, 10, 30, 100, 300, 1000, and 3000 pg/ml. To the Non
Specific Binding (NSB) tubes 500l of 'diluent buffer' were added and 50pl of the 0
pg/ml standard. The remaining tubes received 50ul each of standards or samples (serum)
in duplicate.

To each tube 500ul of Estradiol '*'I were added followed by 500l of 'anti-
estradiol' to all the tubes except the NSB ones. The tubes were vortexed and incubated
at 37°C for 90 minutes.

After the incubation 500ul of 'precipi lution' were added to all the tubes.

The tubes were spun at 1000 x g for 15 minutes and supernatants aspirated. The tubes
were counted in a gamma counter calibrated for '*I for 2 minutes and the CPM (counts

per minute) recorded.

Standard curves for 'percent bound (%B)' versus 'log ation' were g
with the InPlot (GraphPad, San Diego) software. Estradiol concentrations in the serum
samples were determined by the software used. The minimum detectable dose of the

assay was 5 pg/ml, as d ined by the f . The formula for %B is:

CPM(sample) - CPM(NSB)
%B = X 100
CPM(0 pg/ml) - CPM(NSB)
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2.5.2 General Principle of the Progesterone RIA

The assay was purchased from ICN Biomedicals, California. This assay employs
the same quantitative technique as the 17B-estradiol RIA and is identical to that of E2

with the exception that the hormone assayed for is progesterone.

2.5.2.1 RIA Protocol:

The materials were provided by ICN Bi dicals and panied the kit. The

appropriate number of disposable glass 2ml tubes were labelled and placed in a test tube

rack. All the and were d to come to room temperature before use.

-4 P

The standard curve was constructed using the 1al dards provided and
consisted of concentrations 0, 0.2, 0.5, 2.0, 5.0, 10.0, 25.0, and 50.0 ng/ml. To the Non
Specific Binding (NSB) tubes 500pul of 'diluent buffer' were added and 100ul of the 0
ng/ml standard. The remaining tubes received 100ul each of standards or samples
(serum)in duplicate.

To each tube 500ul of 'anti-Progesterone' were added to all the tubes except the
NSB ones, followed by 200pl of progesterone '*I. The tubes were vortexed and

incubated at 37°C for 60 minutes.

After the incubation 500l of 'p i lution' were added to all the tubes.

The tubes were spun at 1000 x g for 15 minutes and supernatants aspirated. The tubes
were counted in a gamma counter calibrated for '*’I for 2 minutes and the CPM recorded.

q

Standard curves for 'percent bound' (%B)' versus 'log ation' were g
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with the InPlot (GraphPad, San Diego) software. Progesterone serum values were

di ined by the softy used. Calculation of %B is the same as for Estradiol. The

minimum detectable dose of the assay was 0.1 ng/ml, half the lowest standard.

253 G I Principle of the T RIA

The assay was purchased from ICN Bi dicals, CA. This assay employs the same

hnique as the diol and ones. The p I is very similar.
2.53.1 RIA Protocol:
The ials were provided by ICN Biomedicals and ied the kit. The

appropriate number of disposable glass 2mi tubes were labelled and placed in a test tube

rack. All the and were all d to come to room temperature before use.

The standard curve was d using the ial dards provided and
consisted of concentrations 0, 0.1, 0.25, 0.5, 1.0, 2.5, 5.0, and 10.0 ng/ml. To the Non
Specific Binding (NSB) tubes 500pul of 'diluent buffer' were added and 50ul of the 0
ng/ml standard. The remaining tubes received SOul each of standards or samples (serum)
in duplicate.

To each tube 100ul of 'SBGI solution’ (sex binding globulin inhibitor) were added,
followed by 500ul of Testosterone '*I. Following the addition of Testosterone, 500ul of
‘anti-Testosterone’ were added to each of the tubes except the NSB ones. The tubes were

vortexed and incubated at 37°C for 120 minutes.
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After the incubation 100ul of 'second antibody' were added, the tubes were then
vortexed and incubated at 37°C for 60 minutes. The tubes were then spun at 2300 rpm
for 15 minutes and supernatants aspirated. The tubes were counted in 2 gamma counter
calibrated for '“I for 2 minutes and the CPM recorded.

Standard curves for 'percent bound’ (%B) versus 'log concentration' were generated
with the InPlot (GraphPad, San Diego) software. Testosterone serum values were
determined by the software used. Calculation of %B is the same as E2. The minimum

detectable dose of the assay was 0.05 ng/ml, half the lowest standard.

2.5.4 General Principle of the Luteinizing Hormone RIA

hased from P, M l. The I p coated

The assay was p
tube assay is a two site immunoradiometric assay that utilizes a solid phase coupled

antibody and a second antibody labelled with '*I.

2.5.4.1 RIA Protocol:

The materials were provided by I p and ied the kit. The coated
tubes provided were labelled and placed in a test tube rack. All the reagents and samples
were allowed to come to room temperature before use. The standard curve was

1 dard. - dad

d using the i p and isted of i 0,

2, 5, 20, 50, and 100 U/L. In addition, there were 2 non-coated tubes in the assay that

were used to determine total radioactivity.
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To each tube 100u! of standard, control, or sample (serum) were added in duplicate

, followed by 100l of a mi ing of equal vol of 'Anti-hLH "I and mouse

IgG'. The tubes were vortexed and incubated at 37°C for 60 minutes.

After the incubation the tubes were washed twice by alternately filling with 4ml
wash buffer and aspirating. After the final wash the tubes were inverted for 5 minutes,
then counted in a gamma counter calibrated for '~I for 2 minutes and the CPM recorded.

Standard curves 'CPM' versus 'concentration (U/L)' were generated with the InPlot
(GraphPad, San Diego) software. LH serum values were determined by the software used.

The sensitivity of the assay was 0.46 U/L.

2.6 C'H50 and C3

One assay tested the percent of C'HS0 in the serum of the volunteers. The analysis
was performed by student, Trina Fournier, as part of a another project. The method of
Mayer was used (Kabat and Mayer, 1971). The coefficient of vanation for the intra-
assay control was 2.1%, the mean for inter-assay variation was 7.0%.

1ol i Reck

The concentration of serum C3 was d by y in a

automated Specific Protein Analyzer (Beckman GH-3427 Array 360, Model 4480) using

Beck C3 kits by Meredith Steeves. The intra-assay coefficient of variation values

were less than 5% and inter-assay values less than 8%. Normal values are given as 0.88-
2.01 mg/ml.

Both of these assays were done with the sample set I had created. The results for
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these factors are given in Tables B.1-B.15 in Appendix B. There will be a brief

discussion in the last chapter of this document.

2.7 Coefficient of Variation (CV)
The CV was determined by including the same sample on all the ELISA plates and

hormone assays carried out. This sample had been d identical to the vol

samples, aliquoted, and stored at -70°C. The concentration of the sample read from the
standard curve was used to calculate the CV. As a control, this sample could be used to

examine inter-assay variation day to day and technique on a particular day.

2.8 Statistical Methods
2.8.1 Coefficient of variation

The coefficients of variation for the ELISA and Hormone assays were determined

by the formula:
Standard Deviation
X 100
Mean
The standard deviation and mean were cal d using the I softy

InStat (GraphPad, San Diego).
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282 F Test
The F test was used to assess variation over time comparing the males to females,

testing equality of variances between the two groups. This test is done manually and the

resuiting F value is then refé d in ical tables to d ine if it is si at
@=0.05. If the F value is large then one group has significantly larger variation than the
other. If the F value is not found to be significant then we have no evidence against the
hypothesis that they are the same. All data gathered on the volunteers was used to
calculate this value. The following formula was used:

T @6 T, @)

~F
(1)) X (1)
The numerator of the above equati P the ion of the cycling females.
The d¢ i of the above i D the male vari

T the sum of
n, the number of data values for each volunteer
s,” the variance for each volunteer squared
2.8.3 t Test
The t test (two-tailed) was used to compare the means of the cycling females to
the male controls for each cytokine measured. This statistical test is used when the two

samples are independent and when they have been drawn from a normally distributed

population. Due to the large number of les we obtained from the vol we were

able to assume normal distribution within the sample set. All the data obtained from the
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males and the raw data for one full cycle in the females was used to compare the means.
The statistical significance level was set at 5% (a=0.05) which is the probability of not
rejecting the hypothesis that the two means are the same when in fact they are different.

The t test was calculated with the istical SPSS, Version 6.1.3 and the

fi ical d calculations when the vari were found to

be unequal.

The objective of the paired t test is to eliminate as many sources of extraneous
variation as possible by making the pairs similar with respect to as many variables as
possible (Daniel, 1995). The use of the paired t test was necessary for comparison of the

phases of the menstrual cycle. From nine cycling women we obtained 9-14 samples over

the course of one full menstrual cycle, thus the ples were not ind dent of one
another within the cycle. As a result of the multiple consecutive samples the paired t test
was used to control for the extraneous variables helping to determine if the means of
various phases of the cycle were different. The data gathered on the females, converted
to portion of phase, for one full cycle was used to calculate the p values, data obtained
from the second cycle was not used. The statistical software package InStat (GraphPad,

San Diego) was used. No ion factor for multipl. i within the cycle was

used.

2.8.4 Multiple Regression

Multiple regression used to analyze the results was done by using the statistical
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software SPSS (Version 6.1.3, 1990-1995). The purpose of multiple regression is to

predict the response variable when the other independ iables, which infl the

response variable, are known. The soft first calcul the multipl lati
coefficient and tests whether or not it is significantly different from zero. If a significant

difference is found then there is a relationship b the resp variable and the

independent variables and this correlation is then used to predict the response variable.

If the lati fficient is b -0.5 - +0.5 the relationship is weak and the

resultant prediction is not reliable. In addition to giving the correlation coefficient the

also the coefficient of determination, the square of the correlation

coefficient, and this indicates the amount of variation in the response variable that is due

to the infl of the ind: d iab This test was done using the original data

gathered on the female volunteers in one full cycle.
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RESULTS

In this chapter I will present the data I have gathered on the volunteers. I will
discuss the cycling volunteers Phase I data and the hormone results from Phase . In
addition, the comparison done on the male controls will also be presented. Data from the
cytokines that were studied will be presented along with the statistical analysis. All

original data can be found in A dix B. The organization of the results will follow the

aims presented in the introduction portion of this document.

31 E . of Stimulation Conditi

The culture conditions for the various cytokines were determined using PHA
stimulation. We wanted optimal conditions for proliferation based on amount of PHA,
amount and type of serum added and optimal time for harvest. To do this we examined

the diffe in iferation ( d as counts per minute) at different times to

determine the optimum time for harvesting cells when quantitating IL-2, IL-4, and INF-y.
We also wanted to see if there was a difference in the response when different media were
used.

In an initial experiment to address this question we stimulated PBMC in RPMI,

various of FCS or 1 serum. Varying amounts of a PHA

1 at a final ion of 0.1 mg/mli, were added. This solution was obtained
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from the Clinical Di i logy Lab y in St. John's, and was used for the

initial experiment. Radioactive thymidine was added 15 hours before the cultures were

harvested. The counts per minute results of these experiments are seen in Tables 3.1a-d.

Analysis of the cpm d at different ions of PHA and different

Y

lengths of cultures with various media indicated that 39 and 72-hour stimulations were
inappropriate because the cells were dividing. Conversely, 15 hours was rejected due to
the fact that the cells had not yet begun to divide (were not incorporating the thymidine).
The times chosen for potential future work were that of 18 and 24 hours. It was
determined that there was little difference in the counts when using either autologous or
FCS in the media across all concentrations of PHA tested. Consequently autologous

serum was di ded as a ible media 1 We felt that due to the large

amount of blood needed to get PBMCs for the many cultures and serum for cytokine and

h it was not possible to obtain the amount of serum needed from

each individual to include it in the media. Finally, since it was our intention to try and
control for extraneous variables and keep all volunteer cultures as similar as possible, it
was thought that the addition of autologous serum would circumvent this aim.

In response to the data obtained from the first set of experiments we purchased

new PHA and conducted further experiments using the new supply and various

Aannhei q

concentrations of FCS. The new PHA (20 mg) (Boehri ) was

in 4 ml of sterile water to give a stock solution of 5 mg/ml. The results of this

experiment demonstrated that the new PHA did induce lymphocyte stimulation.
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Table 3.1a. Time study ing i poration of *H-thymidine. Cells cul d in RPMI
with varying concentrations of serum. No PHA added. Values are seen in cpm.

Time Hrs 10% FCS 1% FCS 10% 0.8.* 1% OS.
15 95 83 147 83
18 86 61 95 85
24 258/139* 135 215/132 91/196
39 92 93 103 88
72 168 108/275 131 98/404

* These values indicate the inability to average due to the marked difference in parallels.
° Autologous serum

Table 3.1b. Time study ing i ion of *H-thymidine at 25 pg/ml PHA.
Values are seen in cpm.

Time Hrs 10% FCS 1% FCS 10% 0.5.* 1% O.S.
15 - - - -
18 131 95 128 8
24 282 136/275* 164/409 184
39 4913 1394 9126 7736
72 13972 7806 14133 19802

* These values indicate the inability to average due to the marked difference in parallels.
* Autologous serum
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Table 3.1c. Time study of *H-thymidine at 50 pg/ml PHA.
Values are seen in cpm.
Time Hrs 10% FCS 1% FCS 10% 0.S.* 1% O.S.

15 107 103 109 83

18 137 111 126 94

24 170/324* 128 215 105/203

39 6319 1135 11776/7362 7021

72 10845/8010 9156 16789 18008

* These values indicate the inability to average due to the marked difference in parallels.

* Autologous serum

Table 3.1d. Time study measuring incorporation of *H-thymidine with 75 pg/ml PHA.

Values are seen in cpm.

Time Hrs 10% FCS 1% FCS 10% 0.S.* 1% O.S.
15 - - - =
18 126 98 131 97
24 196 117 178/279* 162
39 1838 721 9028 6207
72 14620 9808 18560 17993

* These values indicate the inability to average due to the marked difference in parallels.

* Autologous serum
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It was decided that future cultures would be stimulated for 24 hours.

We then focused on the amounts of cytokine produced in culture when stimulated
for 24 hours with various amounts of PHA and FCS in the media. In the first experiment
we incubated PBMC with two concentrations of PHA (10 and 50 pg/ml) in media
containing 1 and 10% FCS for 24 hours. [L-2, [L-4 and IFNy were then assayed using
the harvested culture supernatants. These results are presented in Table 3.2 In short,
IFNy was not found to be present in any of the supernatants, while IL-2 and IL-4 were

found in varying 1 Itis app that stimulation with 10 pg/ml of PHA at

either concentration of FCS results in very low amounts of IL-2 and no [L-4. When
considering cytokine values for the 50 pg/ml PHA stimulation, 1% FCS gives greater
values for [L-2 and IL-4 50% of the time, whereas 10% FCS gives higher values 35% of
the time.

A foll 1 was ducted to confirm this and the results are given in

up exp:

Table 3.3. In this experiment we wanted to explore lating at higher
of PHA, 75 and 100 pg/ml. It was decided that the cytokine concentration that resulted
after such stimulations were too high.

From all these results we concluded that for IL-2 and IL-4 we would use 1%FCS
in the media and stimulate at 50 pg/ml for 24 hours.

The last experiment that was carried out concentrated on IFNy. We had observed

in publications that stimulating for 48 or 72 hours Ited in b, of

IFNy. Based on this information we then proceeded to test this for our study.



Table 3.2. Cytokine in culture sup using various stimulation
conditions for 24 hours.
Subject Cytokine 1% FCS 10% FCS
pg/ml 10* 50* 10 50
1 IL-2 15 208.0 103 290
IL-4 - 184 - -
2 IL-2 - 339 27 450
L4 - - - 20.6
3 -2 9.7 345 157 105.1
L4 - 184.5 - 958
4 IL-2 178 1325 16.7 196.1
L4 = 239 - 59.1

* pug/ml PHA concentration.
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In this experiment we stimulated PBMC for 48 and 72 hours with the two concentrations
of PHA, 10, and 50 pug/ml in media supplemented with 1% FCS. The results, in Table

3.4, show that optimal conditions for [FNy prod were cultures with S0 ug/ml of

PHA for 48 hours. Thus we decided that in order to obtain [FNy we would stimulate

with 50 pg/ml PHA for 48 hours in 1% FCS in this study.



Table 3.3. Cytokines in culture supernatants after stimulation of PBMC with three
different concentrations of PHA for 24 hours in media supplemented with 1% FCS .

Cytokine pg/ml 50 pug/mi PHA 75 ug/ml PHA 100 pg/mi PHA
IL-2 975 114.4 1783
IL-4 45.0 53.1 579
Table 3.4. [FNy i in culture when PBMC are stimulated for 48

and 72 hours with two different concentrations of PHA in media supplemented with 1%
FCS.

48 hours 72 hours
10 pg/ml PHA 50 pg/ml PHA 10 pg/ml PHA 50 pg/ml PHA
60.3 pg/ml 196.8 pg/ml 60.3pg/ml 150.6 pg/ml
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3.2 Creation of a Sample Set from Female Volunteers

Volunteers were chosen based on the conditions described in 2.11. Time of
ovulation and length of cycle were recorded for each of the 21 females.

Table 3.5 shows that only 8 females were eligible for Phase II based on the
conditions set in the beginning of the study. Some of the volunteers did not ovulate
whereas others were not suitable due to the length of the cycle or inconsistent ovulation
days.

The volunteers that participated in Phase II of the study were chosen based on the
results in Table 3.5. The data indicates that volunteers 21.04.70, 01.04.75, 22.09.75,
15.12.73,06.09.72, 29.08.71, 22.11.75, and 30.04.65 had relatively stable menstrual cycles
and ovulated around the same time of the cycle with respect to their individual cycles.
Volunteer 09.10.64 does not have any data available as she was recruited after Phase II
was started.

This group of volunteers were fairly uniform in that they were all healthy females
who adhered to the stringent set of criteria established at the beginning of the study.
They were between the ages of 19-29, they were not taking birth controls pills, they had
no major medical problems, they were of normal height and weight, they were not taking

any medications and they had regular menstrual cycles.

This group was very perative in providing the samples needed for the study.
The only case where we d some probl with obtaini ples was when
30.04.65 went on ion with her husband and two childi p ing us from




Table 3.5. Ovulation data and length of cycle of female volunteers participating in

Phase I.
Cycle 1 Cycle 2 Cycle 3
Vol Length® Ovul® Length Ovul Length Ovul
21.04.70° 28 16 28 14 27 14
13.08.69 33 - 32 21 32 -
01.04.75° 28 17 27 14 32 15
22.09.75° 32 - 27 15 31 19
15.11.73 26 - 28 18 - -
2201.75 - - - - - -
06.11.75 27 - 28 13 - 15
15.12.73¢ 29 15 26 13 32 16
03.01.72 31 - - - - -
06.09.72° 26 14 29 17 25 15
29.08.71° 27 15 26 14 27 14
06.03.68 29 15 26 14 - 14
22.11.75° 31 19 30 19 29 18
04.10.75 34 - - - & -
04.10.75 - - - - = 3
30.08.71 35 - 14 - - -
30.04.65° 30 17 28 17 29 17
25.01.67 - 15 - - = <
18.02.75 29 16 - 17 - -

* Total length of menstrual cycle

® Day of ovulation

© Volunteer in Phase I
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obtaining samples for a week. It was unfc that this vol was absent for the
study at this time as we lost data on her cycle at the time surrounding ovulation.

In Phase II of the study, the magnitude of symptom severity was measured and
daily symptoms were monitored with the aid of the Menstrual Cycle Diary (Appendix A).
The symptom severity, calculated from the data the volunteers gave on their diary's, was

divided into 2 mean ratings, one for the Intermenstrual phase and one for the Luteal

phase. As shown by the results obtained from the calend pleted by the
there is no significant difference (p = 0.4375) between the Intermenstrual mean and Luteal

mean for symptoms using the Wilcoxan signed rank test (Table 3.6). This indicates that

the volunteers as a group were not experienci I synd: This method is

were

similar to comparisons others have used to d ine if the
PMS (Thys-Jacobs and Alvir, 1995).

The length of menstrual cycle for the volunteers in Phase II ranged from 26-31
days and the time of ovulation ranged from day 13 to 19. The mean cycle length was
28.7 with a standard deviation of 1.66 and the mean day for ovulation was day 15.8 +

1.99 (Table 3.6).

3.2.1 Sampling Days:
Each of the nine women who participated in the study was bled between 9-15

times during the course of their cycle. Specific sampling days are seen in Figure 3.1. In

this figure the cycleis p in proportion of phase whereby each phase, the follicular



Table 3.6. Cycle data during Phase II for 9 females.

Volunteer Cycle Day of Mean Symptom
Length Ovulation Severity
Inter- Luteal®
Menstrual®

21.04.70 29 17 0.857 0

01.04.70 27 16 - -
22.09.75 26 14 385 6.43
15.12.73 29 14 2.14 214

06.09.72 28 16 - -
29.08.71 29 15 1.86 1.29
2211.75 31 19 214 314
30.04.65 31 18 0 1.29
09.10.64 28 13 0.857 0.571
Mean 287 158 1.56" 2.12°
SD 1.66 1.99 1.36 216

* Intermenstrual phase mean is defined as the mean symptom score during the 7 days after
menstruation had begun.

® Luteal phase mean is defined as the mean symptom score of the 7 days before
menstruation.

* Wilcoxan signed Rank test p=0.4375.

91



and luteal, is designated a value of 1, and further subdivided according to the proportion
of one. A more in depth explanation of how this was done is seen later in the text
(p.117). It is apparent from the figure that the number of samples obtained from the

volunteers varies; more samples were collected in the luteal phase of the cycle. The

points seen after the luteal phase i those ples obtained at the beginning of the

second follicular phase and were calculated assuming ovulation occurred. In addition, the

o

red line i time of ovulation with three individuals bled at this time.
3.3 Creation of a Sample Set from Male Controls

A control group was established that met the same criteria as the females with the
exception of the cycle criteria. This group consisted of four males between the ages of
20-25 who were healthy. Males were chosen as controls since they are not known to
cycle with respect to the gonadal hormones examined in this study. These males were
sampled between 9 and 12 times over the course of 4-5 weeks, the same weeks that the
females were sampled.

In addition to providing serum and cells, the volunteers were asked to complete
a self-assessment questionnaire each time they were bled. This questionnaire is similar
to the one that the cycling women had to complete and can be found in Appendix A.
Based on these questionnaires it was apparent that the group was healthy throughout the
study. It is important to note however that one of the males, 17.02.75, contracted a cold

during the study and as a result of this we refrained from sampling him during this time.
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30.04.65
09.10.64
22.1L.75
15.12.73

29.08.71

06.09.72
01.04.75 .
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L == |
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Figure 3.1. Day of sampling for each of the nine volunteers expressed as proportion of
phase. Menses commenced on proportionate day 0.1 of the follicular phase; ovulation
occurred at proportionate day 1.0 of the follicular phase. For definitions of proportionate
day, see text, p.116.
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3.4 Hormone Profiles

luteinizing h and were on the

Serum
cycling volunteers throughout Phase II of the study. The hormone testosterone was
measured on each of the samples obtained from the males.

These hormones were then graphed and can be seen in Figures 3.2-3.10. Itis
apparent from the data that the women were all normal cycling females with charactenistic
high estrogen in the follicular and luteal phases, LH surge just prior to ovulation and a
progesterone peak in the luteal phase. The actual values can be seen in Appendix B.

Based on these values and patterns one may conclude that the females participating
in the study were a sample of the normal population.

Volunteers 21.04.70 and 01.04.75 each have a visible LH peak that occurred on
day 16 and day 15 respectively. Estrogen is seen to peak in the follicular phases and then
again in the luteal phase of each woman. Progesterone characteristically peaks in the
luteal phase.

Volunteer 22.11.75 is missing the LH peak most likely due to the fact that she was
sampled on day 17 and day 19, day 19 being the day of ovulation, thus the LH peak was
missed. Other hormones exhibit the textbook pattern.

Volunteer 15.12.73 and 29.08.71 have the ct istic textbook h pattern.

Volunteers 22.09.75, 06.09.72 and 09.10.64 are all missing the LH peak due to the
schedule of bleeding days. Aside from that the hormone pattens look normal.

Volunteer 30.04.65 went away for holidays in the middle of the study and thus
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Figure 3.2. Hormone Profile of volunteer 21.04.70.

The ch in serum ation of p and inizing hormone
were d using the radioi p d described in the materials and
methods, section 2.5. All measurements were made in serum which had been isolated from
a clot tube and then stored frozen at -70°C.
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Figure 3.3. Hormone profile of volunteer 01.04.75.
The changes in serum ation of 8 and |

were d using the radioi p dure described in the materials and

methods section 2.5. All measurements were made in serum which had been isolated
from a clot tube and then stored frozen at -70°C.
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Figure 3.4. Hormone profile of volunteer 22.11.75.
The changes in serum ion of

and [

were d using the radioi =r ced: described in the materials and
methods, section 2.5. All measurements were made in serum which had been isolated
from a clot tube and then stored frozen at -70°C.
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Figure 3.5. Hormone profile of volunteer 15.12.73.

The changes in serum ion of gen, p and luteinizing hormone
were d using the radioi P di described in the materials and
methods, section 2.5. All measurements were made in serum which had been isolated
from a clot tube and then stored frozen at -70°C.
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Figure 3.6 . Hormone profile of volunteer 29.08.71.
The changes in serum ion of and luteinizing hormones
were d using the radioi procedure described in the materials and
methods, section 2.5. All measurements were made in serum which had been isolated

from a clot tube and then stored frozen at -70°C.
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Figure 3.7. Hormone profile of volunteer 22.09.75.

The ch in serum ation of and luteinizing hormone
were d using the radioi d described in the materials and
methods, section 2.5. All measurements were made in serum which had been isolated
from a clot tube and then stored frozen at -70°C.
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Figure 3.8. Hormone profile of volunteer 06.09.72.

The ch in serum ion of gen, p and luteinizing hormone
were d using the radioi p dure described in the ials and
methods, section 2.5. All measurements were made in serum which had been isolated

from a clot tube and then stored frozen at -70°C.

101



1 3 S 7 © 11 13 1S 17 19 21 23 285 27

Day
Figure 3.9. E profile of vol 09.10.64.

The ch in serum ion of gen, prog and luteinizing h

were d using the radioi proced described in the materials and

methods, section 2.5. All measurements were made in serum which had been isolated
from a clot tube and then stored frozen at -70°C.
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Figure 3.10. Hormone profile of volunteer 30.04.65.

The changes in serum ion of gen, p and [
were d using the radioil p d described in the materials and
methods, section 2.5. All measurements were made in serum which had been isolated
from a clot tube and then stored frozen at -70°C.
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several days in her cycle were missed (she was sampled on day 13 and then on day 20).
The pattern that is displayed in Figure 3.6 is lacking several key data points.

It is important to note that, as shown in Table 3.2, all the volunteers that
participated in the study did ovulate even though, as the following hormone profiles show,
the LH peak was missed in analysis of the LH serum values using the RIA assay. We
do know that this peak did occur since all volunteers showed the urine LH peak when

using the OvuQuick kits.

3.4.1 Group Means

The group means and ranges for the hormones measured can be seen in Table 3.7
with the expected values and ranges that are provided with each RIA assay. In
examining the data on the hormone levels and the expected values it is possible to say that
the female volunteers in this study were all normal with respect to gonadal hormone
levels. In the table it is apparent that not all the women fall exactly within the expected
ranges, though this is to be expected when dealing with any human population. The
expected values are estimates only and our subjects can be considered normal though they

do show some deviation from the textbook esti This was also found to be true in

the previous section when the length of the menstrual cycles were analyzed.
The male testosterone data gathered on each of the control subjects is also included
in this table and it is evident that this group is normal with respect to their testosterone

measurements.



Table 3.7. Expected and actual ranges, and group means for each of the gonadal
hormones measured in this study.

Hormone n Expected Range Actual
Range Mean + S. D.
17B-Estradiol
pg/ml
Follicular 46 40-500 52-302 124 +73
Luteal 50 120-350 57-270 143 + 52
Progesterone
ng/ml
Follicular 43 0.2-0.9 0.03-1.4 0.29 +0.28
Luteal 50 3.0-35 0.1-21.0 77+59
Luteinizing
Hormone U/L
Follicular 46 0.5-100 1-60 90+108
Luteal 50 not given 1-20 46 +36
Testosterone 3-10 3-13 76 +3.1
ng/ml
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3.4.2 Coefficient of Variation

The standard curves and values used for the calculation of the coefficient of
variation for the hormone assays are in Appendix C. Table 3.8 shows the coefficients of
variation for each of the RIA assays.

This coefficient of variation is obtained by running the same serum sample on each
assay (see section 2.9). The C.V. value for the progesterone assay is quite high due to
the fact that 3 of the 4 samples gave a value of 0.3 ng/ml while the fourth was 0.6 ng/ml,
50 % higher (see Table C.2 in Appendix C). The lack of a C.V. value for the LH assay
is due to the fact that two of the values obtained from the serum samples were below
detection of the assay and the other was 0.8 U/L, which is considered not different from

zero, according to the manual.

3.4.3 Summary

The conclusions obtained from the hormone analysis are that (i) the cycling
volunteers had normal stable menstrual cycles that displayed all the general characteristics
known and (ii) there were problems associated with the use of these volunteers and the

ability to sample them at the appropriate days.
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Table 3.8. Coefficients of Variation for the RIAs.

Hormone Coefficient of Variation
17B Estradiol 10.9%
Progesterone 40.0%

Luteinizing hormone(LH)  na’
Testosterone 8.0%

* not available. All the values for the serum sample run on each assay were below
detection of the RIA.
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3.5 Variability between Cycling Females and Males
3.5.1 Coefficient of Variation

Before presenting the results of the analysis of males and females it is important
to examine the coefficient of variation values for each of the ELISA assays used in
measuring the cytokines.

The C.V. values calculated for each of the assays are presented in Table 3.9. All

the original values used to calculate this int y variation and the dard curves from
each assay can be found in Appendix C.

It is apparent from the table that the inter-assay variation is dramatically high for
some of the assays we performed. The C.V. values for [L-2, IL-4 and IFNy are very low
but those of IL-1 both serum and culture, were higher. These differences may be due to
the fact that the ELISA's used for measuring IL-2, [L-4, and [FNy were from a different
commercial source than the IL-18 ELISA. R&D Systems supplied the ELISA kits for IL-
2, IL-4, IFNy, and IL-1ra, whereas Biosource was the source for [L-1B and some of the
IL-4 kits. In addition, on the IL-4 Biosource ELISA assays, the sample that was used for
calculation of the CV value was off the scale of the plate, contributing to the inability to
calculate a CV value. Finally, the fact that many of the samples used to measure IL-1 had

to be diluted contributed to the high variability reflected in the CV values.
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Table 3.9. Coefficients of variation for the ELISA assays.

Cytokine Coefficient of Vanation
- 38%

L4~ 76%

4= na*

IFNy 46%

16 35.6%

IL-1p¢ na

IL-1ra* 288%

IL-1ra* 279%

*IL-4 R&D Systems ELISA.
*IL-4 Biosource ELISA.

© Value for culture supernatants.
¢ Value for serum .

“ not available.



3.5.2 Precision of Cell Counts

An experiment was done to d ine the of cell i A susp

of PBMCs was counted 10 times and the resuits indicate a precision of 98.3%.

3.5.3 The F test

Having determined that the women had normal menstrual cycles it was possible
to test whether there was more variation in successive samples taken from the women than
from the men for the cytokines.

The statistical F test was used to determine this with a=0.05. A full explanation

of the F Test is given in section 2.10.2. All the indi are
given in Appendix B.

Table 3.10 shows the results of the analysis with the degrees of freedom and the
p value for each individual cytokine. The data in the table show that the cytokines that
had significantly more variation over time in the cycling females as compared to the males
were IFN-y and IL-4 induced by stimulating cells in cultures, and IL-1ra and IL-1B
detected in serum. The others were not significantly different. That is to say, that if the

F value is not large enough to be found significant, then we have no evidence against the

hypothesis that the two groups have equal variances.
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Table 3.10. F test data on each of the cytokines examined in the study.

Parameter Ratio F/M Degrees of p value
Freedom

IL-2% 1.38 106/47 ns*
IL-4% 1.72 105/47 <0.05
IL-1ra’ ns° 0.97 82/28 ns
IL-Ira" s* 0.89 80/24 ns
IL-1B° ns® 1.25 74/23 ns
IL-18*s¢ 0316 58/24 ns
IL-1ra® 507 103/31 <0.01
IL-1B° 1.79 92/27 <0.05
IFN-y* 11.68 104/34 <<0.01

* values obtained from culture supernatant.
® values obtained from serum aliquot.

N imulated culture sup

4 stimulated culture supernatant.

° not significant.
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354 C i of Means b Cycling and Males

For each cytokine examined the means and ranges for the men and women, and
the p values, are given in Table 3.11 and 3.12. It is apparent from this analysis that
several of the mean cytokine values are different for males and females suggesting that
the sexes vary in the amount of cytokine they produce, both in culture stimulation
experiments and circulating levels in serum. This is most striking for [FNy in stimulated
cultures and the IL-1 ratio in serum; in both cases the men produce greater amount of
cytokine. This analysis was done using the t test and the data obtained from the females
for one full cycle. The samples taken in the second cycle were not used as we did not
have an entire sample set and inclusion of the values from the follicular phase would only

distort the mean as luteal phase samples are absent from the second cycle.

3.6 Cytokine Levels During the Menstrual Cycle
One of the aims of the study was to monitor serum cytokine levels and cytokine

duction by imulated and stimulated cells over the course of the menstrual cycle.

This was successfully completed and the data can be found in Tables B.1-B.30 in

Appendix B at the back of this document. In these tables the day in the cycle the sample

was obtained and the corresponding cytokine value is p
The cytokine IL-1 was measured both in serum and in culture supernatants. The
rationale was that the serum values would reflect the in vivo situation and the circulating

levels of cytokine at the time the sample was taken. Cell cultures were also used to yield
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Table 3.11. The means, standard error, ranges and p values for males and females for
cytokines assayed from culture supernatants. The t test for independent samples of groups
was used, a=0.05.

Cytokine Sex n* mean SE Range p value

L-2* F 95 4775 345 44.8-1594.0 0.945
M 39 4744 288 171.2-8478

L-4* F 93 716 9.7 2.1-506.4 0.398
M 39 582 75 0.0-195.2

IFN-y* F 93 2768 224 11.3-1262.0 0.055
M 38 4219 70.3 16.9-1669.0

IL-1ra® F 80 754 0.74 0.47-29.50 0.022
M 31 473 0.94 1.05-23.53

IL-1ra® F 78 4461 1.44 19.91-76.53 0.146
M 29 4869 243 21.70-71.86

IL-1* F 71 108.7 17.09 0.50-605.30 0.283
M 27 750 2324 0.20-442.2

IL-18° F 62 9724 513 3501-18400 0.982
M 26 9702 851 3724-17720

IL-1 F 71 181 04 0.01-258 0.162

Ratio® M 27 1.04 03 0.01-5.8

IL-1 F 62 234 13 8.6-54.9 0212

Ratio® M 24 201 16 8.5-34.5

* number of samples used in the calculation.
2 d in imulated culture

8 d in lated culture
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Table 3.12. The means, standard error, ranges and p values for each group for the
cytokine IL-1 assayed in serum from males and females. The t test for independent
samples of groups was used, a=0.05.

Cytokine  Sex n* Mean SE Range p value

IL-1ra F 93 265.19 2594 13.8-1036.0 0.338
M 40 208.78 66.24 18.5-2578.0

IL-18 F 61 3.80 0.62 0.09-14.80 0.577
M 30 4.19 033 1.06-8.67

IL-1 ratio F 60 227 0.39 0.01-13.92 0.000
M 30 729 1.14 0.04-33.74

* number of samples used in the calculation.
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information on IL-1 levels, in particular it was felt that the superatants from cell cultures

would indi what the particul 1} of cells are capable of producing when

lated. In addition to ing cytokine levels in sup from stimulated cells
we were also interested in levels of cytokines produced by unstimulated cells as these
cells, in a sense, reflect the in vivo situation. One of the questions we wanted to
investigate was whether or not the levels of [L-1 in circulation were related to levels

1 d in imulated cell cul If this were true then it was

postulated that the curves d from both ditions would look similar. Though this

would assume that the cells that produce IL-1 in circulation are the same cells that
produce IL-1 in culture conditions.

It is important to note here that there were some problems with obtaining values
for some of the [L-1 measured. In particular there were several values that were either
above or below the sensitivity of the assays. These values are indicated in the tables of

raw data in Appendix B. In these cases the samples that were above or below the

sensitivity of the ELISA were not included in the following statistical calculati It was
not appropriate to estimate the values and thus they were excluded. An alternate method
of dealing with this would have been to designate a numerical value to each of those

samples. This is dealt with again in the discussion of IL-1 in Chapter IV.

3.7 Cyclical Variation in Females

Our next aim was to determine if there were cyclical variations of cytokine levels
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in serum or cytoki produced by cultured cells. In order to determine this we had to

devise a method of dardizing the data obtained from the cycle so that each woman

was comparable to the next. Even though we chose individuals with normal menstrual
cycles and ovulation times each women is different, they do not all ovulate on the same

day in their cycle and have the same length of cycle.

3.7.1 Proportions of the Menstrual Cycle:

It is apparent in the hormone graphs that although the cycle lengths were fairly
similar, they were not identical. In order to compare the results of one women with those
of the others we converted all sampling days to "proportion of phase”. Thus a sample
taken on day 6 when the women had a cycle length of 28 days with ovulation on day 14
would be 6:14 = 0.4 of the follicular phase; a sample taken on day 21 would be (21-14)
: (28-14) = 0.5 of the luteal phase. If an individual had more than one value at a
proportionate day then those values were averaged and the resultant mean value was used
as the value of that proportionate day. By doing this we could graph the results from the
nine cycling women so that they had the same time of ovulation and menses.

To further simplify the comparisons we divided the cycle into eight stages. This
was done so that the majority of women would contribute a value to each stage because
when we converted to proportionate day of the cycle we were still left with an incomplete

data set simply due to the sampling day schedule. The eight stages are as follows:
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1. Early follicular (EF) = proportionate days 0.2 and 0.3 of the follicular phase.

2. Midfollicular (MF) = proportionate days 0.4, 0.5 and 0.6 of the follicular phase.

3. Late follicular (LF) = proportionate days 0.7 and 0.8 of the follicular phase.

4. Ovulation (O) = proportionate days 0.9 and 1.0 of the follicular phase and 0.1 of the
luteal phase.

5. Early luteal (EL) = proportionate days 0.2 and 0.3 of luteal phase.

6. Midluteal (ML) = proportionate days 0.4, 0.5 and 0.6 of the luteal phase.

7. Late Luteal (LL) = proportionate days 0.7 and 0.8 of the luteal phase.

8. Menses (M) = proportionate days 0.9 and 1.0 of the luteal phase and 0.1 of second

follicular phase.

Initially we attempted to create spline graphs with the use of the program S plus.
These spline graphs used all the original data and attempted to smooth the curves to create
a clear curve absent of any noise. This was difficult to do as the values used to spline
are arbitrary and different for each curve. In addition, this method did not indicate the
peaks in the data over the course of the cycle. This was most dramatic in the creation of
the LH graph where the point just prior to ovulation is the most important point and the
computer factored it out. Thus we decided against using such a system.

An alternate method that could have been used to standardize the data was
proposed by Doty, 1979. This procedure converts the cycle into 11 phases; 2 menses

phases, 3 follicular phases, one ovulation phases, and 5 luteal phases. Doty, 1979 treats
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ovulation in much the same way we do in that he uses the 0 (LH peak day) and +1 (the
day after LH peak) to stabilize the data and increase the likelihood of encompassing the
actual ovulation event. In contrast to this we used only one menses phase, 3 phases for

each of the follicular and luteal phase of the cycle and one for ovulation. Our method

desi the ovulation phase as ing days -1, 0 and +1, which Doty suggests

can be done. In addition, the method of LH- ing of the data and using only

2 phases , that of the follicular and luteal , was not used because it does not allow for the

possible differences within these two phases.

3.7.2 Composite Hormone Profile

Figure 3.11 displays the ite h graph as ion of the phase of

the menstrual cycle. This figure shows the hormonal changes that occur in the cycling
females that participated in Phase II of the study.
As in the individual figures, there is an LH peak at ovulation, an estrogen peak in

the follicular and luteal phases and a progesterone peak in the luteal phase.

3.7.3 Cytokine Analysis
Each of the cytokines that were measured by ELISA were graphed (Fig. 3.12-3.20)

as ion of phase following the p dure described in section 3.7.1 and analyzed

with the paired t test to determine if there were any differences between the lows and

highs indicated by the data. Note that the number of paired comparisons in each of the
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Figure 3.11. Composite hormone profile as seen when the cycle is converted into
proportion of phase.
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followi [ is desi, d "n". The individual results (raw data) for the 15

1 are p d in Appendix B, Tables B.1-B.30.

In addition, Appendix B, Table B.31 gives the actual converted values as

proportion of phase used in the graphs and the standard deviation of each of the points

1

in the graphs. This table can be referred to for dard deviations. It was not
to include the standard deviations in the graphs which follow due to the fact that these are
very large and in some cases extend outside the graphs. This large standard deviation is
due to the very large inter-individual variation that is found among the sample population.
As the cycling volunteers were bled for approximately 5 weeks the results include the

second early follicular phase. It is apparent in the following graphs that for some

ytokines there is a discrep b the two EF phases of the cycles. There are
several possible explanations for this. It is not an uncommon phenomenon in that other
investigators have found the same thing when looking at the phases of the cycle in inbred
strains of mice (Gallichan and Rosenthal, 1996). Even in genetically similar animals there
still is intra-individual variation suggesting that this is not a surprising finding in
genetically diverse humans. In addition, due to the way that the sampling days were
organized some of the time, the discrepancy could be due to the fact that not the same
women contribute to the first and second EF phases in the graphs. Another important
point to make is that while we obtained samples from the second EF phases, we did not
follow these women during this cycle and thus do not know the total length of their cycle

or if the cycle was normal, i.e. if the volunteer ovulated. As a result of not knowing the
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total cycle length the points taken in the beginning of the second cycle were classified as
EF based on the previous cycle length. Thus we don't know for certain that these points
are in the EF phases of the cycle. Finally, it was noted that the levels of certain cells in
circulation were significantly different at the end of the study. In other words, there were
differences between the first bleed levels of certain cells and the final sample levels (Table
A.1, Appendix A). This change in cell populations could very possibly have contributed

to the varying levels between the two EF phases we see in this study.

Each of the individual cytokine results will be idered in the following

3.73.1 Interleukin 2

IL-2 was measured by ELISA in culture sup btained as i in

section 2.3.2.1. IL-2 is expressed in pg/ml and the changes that occur over the menstrual
cycle can be seen in Figure 3.12.

The trend of the graph shows a low at ovulation and a high in the midluteal and
late luteal phase when estrogen and progesterone are high. Statistical analysis of the
graph using the paired t test at a=0.05 confirms the lows and highs seen. The point at
ovulation vs late luteal (n=7) gives a p value of 0.0147. Ovulation vs midluteal (n=8)

gives a p value of 0.0088.

3.7.32 Interleukin 4:

IL-4 was measured by ELISA in culture sup btained as described in
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Figure 3.12. The IL-2 cytokine profile in relation to phases of the menstrual cycle. Each
point represents the mean vllue for the volunteers tested at that ume of their cycle, see
Figure 3.1. IL-2 was d in sup of PHA stimul cells and
is shown in pg/ml.
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section 2.3.2.1. [L-4 is measured in pg/ml and the changes that occur over the menstrual
cycle can be seen in Figure 3.13. Note: results from volunteer 09.10.64 are not included
in the calculation of the graph as her values are twice as high as those of the other
volunteers.

The trend of the graph shows a low at ovulation and a high at menses. Statistical
analysis of the graph using the paired t test at ®=0.05 (one tailed) does not statistically

confirm this trend. The point at ovulation vs menses (n=7) gives a p value of 0.1350.

3.73.3 Interferon y

[FNy was measured by ELISA in culture sup btained as described in
section 2.3.2.3. IFNy is measured in pg/ml and the changes that occur over the menstrual
cycle can be seen in Figure 3.14.

The trend of the graph shows peaks at midfollicular and late luteal, a low at
ovulation and at early luteal. Statistical analysis of the graph using the paired t test at
a=0.05 (one tailed) confirms the low at ovulation and the high in the late luteal phase,
p=0.01 (n=7). Midfollicular versus ovulation gave a p value of 0.151 (n=7); midfollicular
versus early luteal a p value of 0.224 (n=7); ovulation vs menses (n=7) gives a p value

of 0.143.
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Figure 3.13. The IL-4 cytokine profile in relation to phases of the menstrual cycle. Each
point represents the mean value for the volunteers tested at that nme of their cycle, see
Flgure 3.1. IL-4 was d in sup of PHA stimul lear cells and
is shown in pg/ml.
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Figure 3.14. The IFNy cytokine profile in relation to phases of the menstrual cycle. Each
point represents the mean value for the volunteers tested at that ume of their cycle, see
Figure 3.1. I[FNy was d in sup of PHA stimul lear cells and
is shown in pg/ml.
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3.734 in lra in

IL-1ra was measured by ELISA in culture sup btained as i in
section 2.3.2.2. [L-1ra is measured in ng/ml and the changes that occur over the menstrual
cycle can be seen in Figure 3.15.

The trend of the graph shows a high at MF, ML and M, a low at O and EL.
Statistical analysis of the graph using the paired t test at @=0.05 (one tailed) does not
confirm the low at ovulation and the high in midfollicular p value 0..3063 (n=7); ovulation
versus midluteal gives a p value of 0.1230 (n=6); ovulation vs menses (n=7) gives a p

value of 0.0594.

3.7.3.5 Interleukin Ira in stimulated cultures:

IL-1ra was measured by ELISA in culture sup b d as 1 in
section 2.3.2.2. [L-1ra is measured in ng/ml and the changes that occur over the menstrual
cycle can be seen in Figure 3.15.

The trend of the graph shows a high at O and ML and a low at EF, EL, and M.
Statistical analysis of the graph using the paired t test at a=0.05 (one tailed) does not
confirm the lows and highs seen. Early follicular versus ovulation gave a p value of 0.100
(n=4); ovulation versus early luteal a p value of 0.300 (n=7); ovulation vs menses (n=7)

gives a p value of 0.273.
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Figure 3.15. The IL-1ra culture cytokine profile in relation to phases of the menstrual
cycle. Each point represents the mean value for the volunteers tested at that time in their
cycle, see Figure 3.1. IL-Ira was measured in supernatants of LPS non stimulated (o)
(NS) and stimulated (+) (S) lear cells.
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3.73.6 in 1B in imulated cul

IL-1B was measured by ELISA in culture
section 2.3.2.2. IL-1B is measured in pg/ml and the changes that occur over the menstrual
cycle can be seen in Figure 3.16.

The trend of the graph shows a high at late follicular and menses and lows at
ovulation, early luteal, and late luteal. Statistical analysis of the graph using the paired
t test at a=0.05 (one tailed) does confirm the low at ovulation and the high at LF,
p=0.0471 (n=8). Ovulation versus late luteal gave a p value of 0.1633 (n=6) and

ovulation vs menses (n=7) gives a p value of 0.0170.

3.7.3.7 Interleukin 1P in stimulated cultures:

IL-1B was measured by ELISA in culture sup btained as described in
section 2.3.2.2. [L-1p is measured in pg/ml and the changes that occur over the menstrual
cycle can be seen in Figure 3.16. Note: data from volunteer 22.09.75 was excluded
because there are only two values in the cycle and both are in the luteal phase.

The trend of the graph shows a high at ovulation and menses and a low at

midfollicular and midluteal. Statistical lysis of the graph using the paired t test at
a=0.05 (one tailed) does not confirm the lows and highs seen. Midfollicular versus
ovulation gave a p value of 0.1274 (n=6) and ovulation versus midluteal a p value of

0.2221 (n=5).
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Figure 3.16. The IL-1B culture cytokine profile in relation to phases of the menstrual
cycle. Each point represents the mean value for the volunteers tested at that time in their
cycle, see Figure 3.1. IL-1B was d in sup of LPS non stimulated (o) (NS)
and stimulated (+) (S) lear cells.
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3.7.3.8 Interleukin 1:
IL-1 is expressed as 100x the ratio of IL-1P to IL-1ra and the changes that occur

both in the imulated and stimulated cul over the | cycle can be seen in

Figure 3.17. The IL-1 Ratio graph for of stimulated cells excludes the data

from volunteer 22.09.75 as there are only two values for her and both are in the luteal
phase of the cycle.
As a result of the problems in determining the correct dilution factor for some
of the samples we had a loss of some data thus there were some cases where the IL-
1B/IL-1ra was not available.
The trend of the graph for stimulated cultures shows a high at ovulation and at

menses with a lows at the late follicular and midluteal phase. S ical lysis of the

graph using the paired t test at =0.05 confirms the lows and highs seen. The point at
midluteal vs menses in the stimulated graph gives a p value of 0.0057 with n=4. and O
vs ML p=0.1549 (n=5). The trend in the nonstimulated graph shows a high at LF and M,

with a low at time of O. Differences between means were not significant.

3.7.3.9 Problems with IL-1 Data
It is important to note here that there was some difficulty in assaying the culture
supematants for [L-1B and IL-Ira. A dilution had to be used in order to determine the

concentrations of each of the cytokines. When assaying IL-1B, nonstimulated cuiture

were yed undiluted, wh it was y to dilute
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Figure 3.17. The IL-1 ratio cytokine profile in relation to phases of the menstrual cycle.

Each point represents the mean value for the volunteers tested at that time of their cycle,

see Figure 3.1. IL-1 was measured in supematants of LPS non stimulated (.)(NS) and
lated (+) (S) lear cells and is shown as a ratio of IL-1f/IL-1ra x 100.
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supernatants 1:10 or 1:20 (See Appendix B data tables for specific information). For the

IL-1ra assay, imulated culture sup were assayed at a dilution of 1:10 and

stimulated supernatants at 1:20. Even with the dilutions some of the samples still had
values above O.D. 3.0. Out of 96 samples there are 21 missing IL-1pB values. The loss
of 22% of the data makes the trends we are seeing less reliable and we may be missing

other important trends.

3.7.3.10 Serum Interleukin 1ra:

IL-1ra was measured by ELISA in serum obtained as described in section 2.3.3.2.
IL-1ra was measured in pg/ml and the changes that occur over the menstrual cycle can
be seen in Figure 3.18.

The trend of the graph shows an increase in IL-1ra from MF to M. Statistical
analysis of the graph using the paired t test at a=0.05 looking at the point at early
follicular vs ovulation in the graph gives a p value of 0.0208 with n=5, and ovulation vs

midfollicular gives a p value of 0.0075 with n=7.

3.7.3.11 Serum Interleukin 18:

IL-1B was measured by ELISA in serum obtained as described in section 2.3.3.2.
IL-1B was measured in pg/ml and the changes that occur over the menstrual cycle can be
seen in Figure 3.19.

The trend of the graph show highs at EF and ML with lows at LF, O and
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Figure 3.18. Serum IL-1ra cytokine profile in relation to phases of the menstrual cycle.
Each point represents the mean value for the volunteers tested at that time in their cycle,
see Figure 3.1.
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Figure 3.19. The serum IL-1p cytokine profile in relation to phases of the menstrual cycle.
Each point represents the mean value for the volunteers tested at that time of their cycle,
see Figure 3.1
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menses. Statistical analysis of the graph using the paired t test at «=0.05 looking at the
point at EF vs O in the graph gives a p value of 0.2872 with n=3; O vs ML gives a p

value of 0.1327 with n=4, and EF vs M, p=0.2825 with n=3.

3.7.3.12 Serum IL-1 Ratio:

IL-1 is expressed as 100x the ratio of [L-1p to IL-1ra and the changes that occur
over the menstrual cycle can be seen in Figure 3.20. Note: volunteers 30.04.65 and
01.04.75 were excluded from the graph as they only had one value each during the cycle.

The trend of the graph shows a decline to time of ovulation and a rise to peak in
the luteal phase. Statistical analysis of the graph using the paired t test at @=0.05 looking
at the point at early follicular vs ovulation in the graph gives a p value of 0.1450 with

n=3, and ovulation vs late luteal gives a p value of 0.1709 with n=4.

3.73.13 IL-6 and TNFa
There were problems obtaining data for IL-6 and TNFa.  There were
approximately 75 samples assayed and all were below detection of the ELISA. Thus we

have no data for these cytokines.

3.7.4 Summary
A summary of the cyclical changes that occur during the course of the menstrual

cycle can be viewed in Table 3.13. A feature common to most of the cytokines is a low
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Figure 3.20. The IL-1 ratio cytokine profile in relation to phases of the menstrual cycle.
Each point represents the mean value for the volunteers tested at that time of their cycle,
see Figure 3.1. IL-1 was measured in serum and is shown as a ratio of IL-1B/IL-1ra x
100.
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Table 3.13. A summary of the changes in relative levels of cytokines that were found to

occur during the course of the menstrual cycle.

Cytokine Phase
Follicular Ovul Luteal Menses
E M L E M L
L2 Low' High High
L4° Low High
IFNY® Low' High
IL-1ra* High Low High High
IL-1ra Low High Low
IL-1p° High Low' High
IL-1° Low High Low High
IL-1ra° Low Low High'
IL-1p¢ High Low High
IL-1R* High Low High
IL-IR® High Low High'
IL-1R° High Low High
: d in lated culture

® measured in stimulated culture supernatant.

© measured in serum.
! significant p<0.05
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at ovulation, IL-1 (IL-1B/IL-1ra) in the stimulated cultures is the exception.

38R i and Cor

Once we had established that there were cyclical variations in cytokine expression

the next step was to determine if the variation was linked to cyclical changes in the

h 1

and

hormone. This was accomplished by
using multiple regression. The following results indicate what independent variables
influence the cytokines. Each cytokine is examined separately. All the comparisons made

in this section were generated with the original raw data obtained for one full cycle.

38.11IL-2

Multiple stepwise regression of IL-2 with age of the volunteer, day in the cycle
the sample was taken, day of ovulation, length of the cycle, estrogen, LH, and
progesterone values gives a correlation coefficient of 0.59801 and a coefficient of
determination of 0.35761. These values indicate a relationship between day of ovulation,
length of cycle, age and IL-2. The variables and the confidence intervals for the equation
are given in Table 3.14.

This correlation indicates that if the day in the cycle that ovulation occurs is closer
to day 1 then IL-2 will be increased by 30.20 pg/ml per day, that the longer the total
length of cycle the greater the amount of IL-2 produced by 173.31 pg/ml per day and that

the older the individual is the lower the production of IL-2 by stimulated cells by 158.14

138



Table 3.14. Variables in the predi ion for IL-2 with the 95% confidence intervals
and the p values.

Variable B 95% Confidence Interval B p value
Day of -30.20 -47.35 -13.06 0.0007
ovulation

Length of 173.31 112.36 234.26 0.0000
cycle

Age -158.14 -203.13 -113.16 0.0000
Constant -1331.10 -2497.32 -164.89 0.0258
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pg/ml per year. These approximate amounts by which IL-2 will change are on the
condition that everything else that has an effect on IL-2 be held constant. In addition, the

fficient of d ination indi that 35% of the variation in IL-2 is due to the

infl of these ind dent variabl

382 L4
Multiple stepwise regression of IL-4 with age of the volunteer, day in the cycle

the sample was taken, day of ovulation, length of the cycle, estrogen, LH, and

gives a lation coefficient of 0.63416 and a coefficient of determination

of 0.40215. These values indicate a very good age, day of
and IL-4. The variables and the confidence intervals for the equation are given in Table
315.

This correlation indicates that if the day in the cycle that ovulation occurs is closer
to day 1 then IL-4 will be increased by 13.44 pg/ml per day, and that the older the
individual is the greater the amount of IL-4 that will be produced by stimulated PBMC,
IL-4 will increase by 13.33 pg/ml for every 1 year increase in age. These approximate
amounts by which IL-4 will change are on the condition that everything else that has an
effect on IL-4 be held constant. In addition, the coefficient of determination indicates that

40% of the variation in IL-4 is due to the infl of these independ
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Table 3.15. Variables in the predictor equation for [L-4 with the 95% confidence intervals

and the p values.
Variable B 95% Confidence Interval B p value
Age 13.33 9.13 17.54 0.0000
Day of -13.44 -21.29 -5.60 0.0010
Ovulation
Constant -20.64 -187.82 146.54 0.8067
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3.83 IFNy

Multiple stepwise regression of [FNy with age of the volunteer, day in the cycle
the sample was taken, day of ovulation, length of the cycle, estrogen, LH, and
progesterone gives a correlation coefficient of 0.21940 and a coefficient of determination
of 0.04814. These values indicate a weak relationship between age and IFNy. The
variables and the confidence intervals for the equation are given in Table 3.16.

This analysis is not reliable in that the correlation coefficient is only .21 and the
amount of variation in IFNy due to the influence of these variables is only 5%. Thus it
is not possible to say that if age increases by 1 year then IFNy will increases by 12.73

pg/ml. This prediction is not reliable do to the low correlation.

3.8.4 Culture IL-1ra

Multiple stepwise regression of IL-1ra with age of the volunteer, day in the cycle
the sample was taken, day of ovulation, length of the cycle, estrogen, LH, and
progesterone tested gives a correlation coefficient of 0.43696 and a coefficient of
determination of 0.19093 for unstimulated cultures and a correlation coefficient of 0.36596
and a coefficient of determination of 0.13392 for stimulated cultures. These values
indicate a relationship between day in the cycle that the sample was taken, age, and IL-1ra
in nonstimulated cultures and day in the cycle the sample was taken and IL-lra in
stimulated cultures. The variables and the confidence intervals for the equation are given

in Table 3.17 and 3.18.
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Table 3.16. Variables in the

intervals and the p values.

for IFNy with the 95% confidence

Variable B 95% Confidence Interval B p value
Age 12.73 0.73 2472 0.0377
Constant -12.86 -289.62 263.90 0.9266
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Table 3.17. Variables in the predi ion for IL-1ra in
the 95% confidence intervals and the p values.

with

Variable B 95% Confidence Intervals B p value
Day” 0.1971 0.0055 0.3887 0.0439
Age 0.7463 0.3569 1.136 0.0003
Constant -12.56 -22.26 -2.863 0.0118

“Day in the cycle that the sample was taken.



Table 3.18. Variables in the p q for [L-1ra in d cul with the
95% confidence intervals and the p values.

Variable B 95% Confidence Intervals B p value

Day” 0.6376 0.2620 1.013 0.0011

Constant 3423 27.48 40.99 0.0000

‘Day in the cycle that the sample was taken.
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This regression indicates that for both nonstimulated and stimulated cultures [L-1ra
production will increases by 0.1971 and 0.6376 ng/ml, respectively, the later in the cycle

the sample is taken. Thus IL-Ira increases in the luteal phases of the cycle which

corresponds to the cycle data results. In addition, IL-1ra production by imulated
cells will increase by 0.7463 ng/ml for every year older a person is.

The coefficient of deter i that b 13 and 19% of the variation

occurring in IL-1ra production in culture is due to these independent variables and that
prediction of IL-1ra is between 37 and 44% accurate. This is not extremely high but it
does suggest that the variables indicated do play a role in determining how much IL-1ra

will be produced in culture.

3.8.5 Culture IL-1§

Multiple stepwise regression of IL-1f with age of the volunteer, day in the cycle
the sample was taken, day of ovulation, length of the cycle, estrogen, LH, and
progesterone tested gives a correlation coefficient of 0.34083 and 0.4277, and a coefficient

of determination of 0.11616 and 0.17874, for imulated and stimulated cul

respectively. These values indi a relationship b cycle length and IL-1B in
nonstimulated cultures and day of ovulation in stimulated cultures. The variables and the
confidence intervals for the equation are given in Table 3.19 and 3.20.

These correlations indicate that IL-1B production in nonstimulated cultures will be

greater the longer the total cycle length is; it will increases by 32.84 pg/ml for every
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Table 3.19. Variables in the predi ion for IL-1f in

the 95% confidence intervals and the p values.

with

Variable B 95% Confidence Intervals B p value
Length of 32.84 10.92 54.76 0.0039
cycle

Constant -830.6 -1458.68 -202.47 0.0103
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Table 3.20. Variables in the predi ion for IL-1B in

d cultures with the

95% confidence intervals and the p values.

Variable B 95% Confidence Intervals B p value
Day of 972.38 424.53 1520.23 0.0008
Ovulation

Constant -5733.25 -14533.57 3067.07 0.1974
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1 day longer. In addition, the lysis indi that IL-1B production in stimulated

cultures will be larger, by 972.38 pg/ml per day, the further in the cycle ovulation occurs.
Finally, the suggestion is that between 12 and 18% of the variation for IL-1B is due to
influence of the independent variables. The low dependency implies that only a small
portion of IL-1B variation can be explained using our independent variables and that other

more significant variables are responsible for the changes in IL-18.

3.8.6 Serum IL-1
Multiple stepwise regression of IL-1ra with age of the volunteer, day in the cycle
the sample was taken, day of ovulation, length of the cycle, estrogen, LH, and

p gives a lation coefficient of 0.58700 and a coefficient of determination

length of cycle, age, the

of 0.34456. These values indi a good relationshi
hormone estrogen and IL-1ra in serum. The variables and the confidence intervals for the
equation are given in Table 3.21.

Multiple stepwise regression of IL-1p with the same variables used for IL-1ra
gives a correlation coefficient of 0.75567 and a coefficient of determination of 0.57103.
These values indicate a very good relationship between length of cycle, age, day of
ovulation and IL-1B in serum. The variables and the confidence intervals for the equation
are given in Table 3.22.

The statistical anal is indicating that for IL-1ra, if every other influence on IL-

1ra is held constant, then, the older the individual is the lower the
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Table 3.21. Variables in the predictor equation for [L-1ra in serum sample with the 95%
confidence intervals and the p values.

Variable B 95% Confidence Intervals B p value
Length of -58.58 -88.18 -28.98 0.0002
cycle

Age -16.34 -28.37 -4.32 0.0083
Estrogen 1.22 0.52 191 0.0008
Constant 2153.40 1309.79 29997.06 0.0000

150



Table 3.22. Variables in the predictor equation for IL-1B in serum sample with the 95%
confidence intervals and the p values.

Variable B 95% Confidence Interval B p value
Age -0.79 -.98 -0.60 0.0000
Length of 3.27 244 4.10 0.0000
cycle

Day of -2.36 -2.93 -1.80 0.0000
Ovulation

Constant -36.43 -52.84 -20.03 0.0000
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level of IL-1ra will be in circulation, that it will d by 16.34 pg/ml for every 1 year

and that the longer the length of the cycle, IL-1ra levels will decrease by 58.58 pg/ml for
every | day. Also, we know that 34% of the variation in IL-lra is due to these
independent variables.

IL-1B also has a very good correlation with, 0.76, length of cycle, age and day of
ovulation. Specifically, the older the individual is the lower the amount of IL-1B in
circulation; that it will decrease by 0.79 pg/ml for every | year and the further away day
of ovulation is from day 1, the lower the level of [L-1B by 2.36 pg/ml per day. In
contrast, if the length of the cycle is increased more IL-1B will be present when
individuals are the same age and have the same day of ovulation. These two variables
are connected in that in most cases, as stated in the Introduction, it is the follicular phase
that is more variable in length than the luteal phase and day of ovulation is considered a
part of the follicular phase, thus if the day of ovulation is further away from day 1 then
the follicular phases will be longer resulting in the probability that the total cycle length
will be longer.

It can also be said that 58% of the variation in circulating levels of IL-1B is due

to the ind d iabl ioned above.

3.8.7 Serum Levels and Nonstimulated Production of IL~-1
As discussed in section 3.6 of this chapter we measured both circulating levels of

IL-1 and IL-1 production by cultured cells because they give information on different
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phenomenon, both in vivo and in vitro. In addition we wanted to determine if the
circulating levels in serum were comparable to the level of IL-1 produced in
nonstimulated cells. The results suggest that the two measures are not similar at all. The

proportion of phase graphs d in the sub of 3.7 indi that there is no

lationship. R i lysis comparing the two shows no relationship at all. The
correlation coefficient is 0.07234 and coefficient of determination 0.00523, for IL-1ra.
IL-18 is similar to IL-1ra in that the correlation coefficient is very low, 0.07383 and the
coefficient of determination is 0.00614. In this study we can find no relationship between
the circulating levels of IL-1 and IL-1 production by nonstimulated cells in culture. This
phenomenon could be due to several factors, first, that there is truly no relationship
between the levels of IL-1 in circulation and the levels spontaneously secreted in culture

Second, h affect the levels and

in the absence of any i
production of IL-1 and the fact that FCS is known to contain low levels of the hormone
estrogen could have altered the secretion of IL-1 from the cultures. Third, circulating

hormones could alter the catabolism thus altering the circulating half time but not

ffecti duction or i Finally, although we did not intentionally stimulate the

cultures it is possible that low levels of endotoxin present in the equipment used to set up

the cultures and in the media could have in i This

stimulation would have been low since that our results show significant differences

1 Lited

between the amount of IL-1 produced in sti d cultures as pared to

cultures.
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3.8.8 Summary

A ry of the rel 1abl iated with the cytokine measurements

during the course of the menstrual cycle is presented in Table 3.23.

3.9 Justification of Statistical Methods

A description of the various statistical tests used to analyze the data were presented
in the Materials and Methods chapter of this text in section 2.10. In this section I will
briefly explain the reasons for doing these tests as they are fundamental to the tests
themselves and are already mentioned in the previous section. In addition, I will propose
alternate tests and why they were not used.

The F test was used to determine if there was more variation in the males than in
the females. This test gives an idea of which group has more amplitudes, or peaks and

troughs than the other. This test was chosen b it would distinguish b a

sample set that varied more or less than another, in this case the sample sets were males
and females. There is no other test that can be done in place of this.

The t test was used to compare the means of samples taken from one full cycle in
females to the means over a similar length of time in males. This test was used to
distinguish differences in levels for the cytokines and gave us some indication if females
produced more or less of one cytokine than males. This test was used because the two
samples are independent of each other and we must assume normal distribution of the

sample sets due to the central limit theorem. This theorem states that if the number of
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Table 3.23. Variables, determined by multipl ion, that

positively (+) or negatively (-), the cytokines measured in females.

Cytokine E2  Day' Day” Length  Age
of § of O of Cycle

IL-2° - + -

IL-4® . %,

IFNy® +w?

IL-1ra* + +

IL-1ra +

IL-1p* +

IL-1B° +

IL-1ra° + - -

IL-1B° - + -

! Day in the Cycle the sample was taken.

* Day of Ovulation.

* measured in nonstimulated culture supernatant.
* measured in stimulated culture supernatant.
 measured in serum.

¢ weak.
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samples is greater than 30, normal distribution can be assumed. As we combined all the
cycle data for all the nine volunteers the result was greater than 90 points, similarly the
males had greater than 30 points. Nonparametric tests could be used in place of this test,
but the nonparametric tests are less stringent than parametric tests. Also, because
nonparametric tests do not use the original values, but convert them to ranks, the
comparisons are more prone to error.

The paired t test was used to compare within the cycle as the samples are not
independent from each other. Within the cycle, the samples are dependent on each other,
or are successive. We wanted to determine if the highs and lows that the data indicated,
when it was converted to proportion of phase, were statistically the same or different. In

order to do this we had to use a paired test that attempts to control for extraneous

Again p ic tests were not substituted for t tests for the reasons
above.

Finally, ANOVA is often used to analyze data such as those obtained in this study
though it should not always be used. Usually a sample set that contains the same number
of observations is needed to perform such a test. This was not the case in this project as
we obtained a different number of samples from each of the females. In addition, it
should only be used when the samples are obtained on the same days for every volunteer
throughout the cycle. A final point, there have been studies that use ANOVA to compare
males to females in different phases of the menstrual cycle for a particular observation.

This is not appropriate as males have not been shown to cycle in the same way women
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have with respect to and inizing hormone. Males do not have

a menstrual cycle thus the two are incompatible.

3.10 Technical problems

There were several probl. that were d during the course of the study.

To begin with it was very difficult to obtain females who were of the correct age and not

taking oral ives. The university lation is a difficult place to try and obtain

young women who are not taking oral ives. Several hundred di were
presented with an outline of the study and very few conformed to all the criteria needed
to gain entrance to the study. In addition, some of the women who were eligible to
participate did not want to donate what they perceived as large amounts of blood over a
S-week period of time. The level of commitment to this project also resulted in
individuals declining to participate.

There was also a problem with the timing of samples in Phase II of the study. The
women were scheduled to be bled three times a week, Monday, Wednesday, and Friday.
During the course of this phase there were several Monday holidays thus that day was
missed; in that case some of the volunteers were bled Tuesday, Wednesday, and Friday.

This contributed to missed days in the cycle and loss of les. We also d

difficulty in getting the volunteers to notify us immediately when they began menstruating
resulting in loss of samples in the early follicular phase. In addition, as the study was

voluntary we could not prevent the volunteers from going on vacation during the study.
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This occurred with one of the cycling volunteers, 30.04.65;as a result we missed several
key days in her cycle.
The problem of fr ling days (3x a week) also contnibuted to the

inability to obtain samples on some days. At times the subject could donate only a small
amount of blood before the vein "collapsed”.

The ELISA method contributed to some of the problems encountered. To cut costs
we purchased ELISAs from Biosource, and as can be seen from the C.V. values, the
results were not as reliable as those purchased from R&D. It is well known that different
commercial ELISA assays give different results with the same sample tested (Ledur er al.,
1995). This is discussed further in chapter IV.

In addition, the assays for the culture supernatants of [L-1B and I[L-1ra simulations
had to be diluted due to the high concentrations of the cytokines present. This was
unknown when the first assay was done and thus there was a loss of materials and results.
The subsequent assays were performed by diluting the samples as described in the
Materials and Methods section. This dilution was high and added an additional variable
in the system leading to inaccuracies, and, even with the dilution, some of the values were
too high to be measured. In this case we put a greater than sign (>) in the table and did
not use that sample day for calculation.

Finally, we had intended to measure TNFo and IL-6 in serum using a commercial
ELISA but when tested both cytokines were below the sensitivity of the assays. This was

disappointing as we had i ded to collect infc ion on all three inflammatory
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cytokines (IL-1, TNFa, and IL-6). The information we obtained from the f
(Biosource) indicated that we should have found measurable amounts of TNFa and IL-6

in i ly 75% of the 1
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CHAPTER IV

DISCUSSION

4.1 Creation of Sample Set
In the introduction of this thesis I have outlined the many aims and objectives of

this project. The following 1 of the di ion will discuss the creation of the

sample set of serum and cells from healthy normal females at known points in their cycle
and a similar sample set created of controls using normal healthy males. In addition, it

was also our 1 ion to itor serum dal hormone levels in females and males.

4.1.1 Female Sample Set

Ni

women partici d in Phase I of the study. This phase was designed to

determine if the volunteers had stable menstrual cycles with respect to time of ovulation
and length of cycle. Eight women were chosen to proceed to Phase II where the immune
parameters were measured.

There were 9 women, ages 19-29, who participated in Phase II, one of whom was
not studied during Phase I but was demonstrated to have a normal menstrual cycle. These

q

women were required to plete a daily of any symp experienced over

the course of their menstrual cycle in the form of a Menstrual Cycle Diary. The results
indicated that there were no significant differences between the symptoms during the

course of the cycle suggesting that they were not experiencing premenstrual syndrome
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CHAPTER IV

DISCUSSION

4.1 Creation of Sample Set
In the introduction of this thesis I have outlined the many aims and objectives of

this project. The following i of the di ion will discuss the creation of the

sample set of serum and cells from healthy normal females at known points in their cycle
and a similar sample set created of controls using normal healthy males. In addition, it

was also our intention to monitor serum gonadal hormone levels in females and males.

4.1.1 Female Sample Set

Nineteen women participated in Phase I of the study. This phase was designed to
determine if the volunteers had stable menstrual cycles with respect to time of ovulation
and length of cycle. Eight women were chosen to proceed to Phase IT where the immune
parameters were measured.

There were 9 women, ages 19-29, who participated in Phase II, one of whom was

not studied during Phase I but was demonstrated to have a normal menstrual cycle. These

1

women were d to a daily of any symp experienced over

the course of their menstrual cycle in the form of a Menstrual Cycle Diary. The results

b

the symp during the

indicated that there were no significant diffe

course of the cycle suggesting that they were not ienci ual sy
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(PMS). This is important to ider because it is believed that women who have PMS

do not have normal menstrual cycles (Thys-Jacobs and Alvir, 1995).

In addition to not displaying any sy of PMS we were also able to establish

that the volunteers were healthy as any medications and/or sickness they experienced were

recorded. Examination of the diary from all the volunteers indicated that while some of

the vol did periodically take analgesics they were lly in good health during
the study. This is confirmed by the self- i i the vol
completed each day they were pled. This questi i itored any medi

consumed, sexual activity within 12 hours of sampling, and exercise since the last day

E; of these indi that the vol did not

they were bled.
partake of any excessive exercise that could alter hormone levels. Sexual intercourse has
also been known to alter hormone levels for up to 12 hours and although it would have

been ideal to have the volunteers abstain from sexual i it was felt, idering

the intense involvement in the study already, that abstinence was not an appropriate
request. Some of the volunteers did engage in sexual intercourse during the study though
there appears to be no effect on the results obtained as no hormone value is 50% different
from the previous or subsequent sample.

To control for any influence of season on the menstrual cycle in our volunteers we

also restricted the study to the summer months, that of May to August. All the volunteers

that participated in the study, including the Is, were led during these months

to minimize the variability between the groups and individual volunteers.
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It is apparent from the data collected on length of cycle and day of ovulation that

the female cycling vol could be idered to have normal stable menstrual cycles.

It is generally accepted that the average cycle length is 29.5 days with a range of 26-34
days (Asso, 1983) and based on our data the females that participated in Phase II of the
study fall within this range.

The time of ovulation was measured using urinary LH kits (OvuQuick). A recent

study evaluated the usefulness of this home urine LH assay in women with regular

ovulatory menstrual cycles without any obvi founding variables. The group found
that urine LH testing using this kit is a reliable method of predicting ovulation within the
next 48 hours (Miller er al., 1996).

During the course of Phase II the nine cycling female volunteers were bled

between 9-15 times during the course of their I cycles. The vol of the

study were all sampled between 8:30-10:00 am. on all sampling days to reduce variability

due to diumnal changes in number or function of circulating leukocytes. Variability in

cytokine production and bers of i cells has been demonstrated by Bom ez al.,
1997, in relation to circadian rhythm. There were some problems with sampling days as
illustrated in Figure 3.1. It is apparent from the figure that the number of samples
obtained from the volunteers vary and that the goal of three samples per week was
reached for most donors in the luteal phase of the cycle. Some early samples were missed
since we were not always immediately notified when a volunteer first started her cycle.

In addition, 50 m! of blood was not always obtained from the donors every sample day
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leading to missing data.

4.12 Male Control Sample Set

In addition to the experimental group a control group consisting of four males
between the ages of 20-25 were chosen. Males were chosen as a control group due to the
fact that they do not cycle with respect to the gonadal hormones examined as females do.
Thus the group would constitute a sample that did not have the influence of regular

hly hormonal ch ibuting to the changes seen in the cytokine levels.

The males were required to meet previously set dards (section 2.12) before

entering into the study. During the course of the study these individuals were also

to lete a self- d ire each time they were sampled that

was similar to the the femal leted. Based on these questionnaires it is
apparent that the control group was healthy throughout the study; one male contracted a

cold during the study and thus was excluded until after sy had di d. The

men did not participate in extreme exercise and all sexual activity was reported as in the

females. Examination of the data indicated that sexual intercourse 12 hours before time

q qi

of bleeding did not result in the levels the given normal

range.
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4.13 Hormone Levels

The levels of some of the gonadal hormones were d via radioi
178 diol, p and luteinizing hormone were measured each time the
volunteers were bled. The i h gave us infc on the

actual levels of the hormones throughout the menstrual cycle and was used to determine
if the females had the normal levels of the hormones at different phases of the menstrual
cycle. In addition, the males were bled between 9-12 times over the course of 4 weeks

and levels were d on each sample.

The di ic RIA kits included the d physiological ranges. The expected

and actual ranges of these hormones are found in Table 3.7 in the results section of this
paper. As is apparent from the levels of these hormones during the course of the study,
the females had normal physiological levels of 17B-estradiol, progesterone and LH during

the cycle that was studied. The hormone profile figures 3.2-3.10 can be viewed and

d the lity of the individual vol when pared to the textbook
profile seen in Figure 1.1.

Five of the volunteers are missing the LH peak due to the pattern of sampling
days. This peak was not found in the LH hormone assays for the five women but was
known to occur as indicated by the OvuQuick assay kit that the women used. Thus we
do know that even though sampling days resulted in missing the serum LH peak it did
occur indicating normal ovulatory cycles.

Based on all the information gathered on the cycling volunteers it is reasonable to
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say that ding to ional terms the vol were healthy normal females with
regular ovulatory cycles.

Thus, idering all the data gathered on the vol it is app that to the

best of our knowledge both the females and the males were normal healthy subjects that

would have fewer variables infl ing the data gathered than a group less

stringently screened.

4.2 Variability between Cycling females and Males
One of the aims of this study was to compare the variability in cytokine production

lation and in of stimulated and imulated cells in culture, in

in

males and females. In this section the cytokines will be grouped and discussed as a
group.

We examined the variability in cytokine production of all the cytokines measured

in both the cycling (9 women) and ycling (4 males) vol with the aid of the F

test. Simplified, this test determines if the females have more variable cytokine

production in ive ples than the males, ie. if the females have more peaks and

troughs than the males.

In addition, this section will discuss the means comparisons between the males

and the females for all the cytokines d. This istical comparison pi

information on whether one group actually produces more of one cytokine than the other.
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4.2.1 IL-2, IL~4, and IFNy

Statistical analysis showed that there was more variation over time in the females
for IL-4 and IFNy, thus supporting our hypothesis that the cyclical nature of gonadal
hormones in the female system influences the immune system.

When we looked at the mean values of IL-2, [L-4 and IFNy for the two groups
we found that there was no statistical difference (p=0.945,0.398, and 0.055, respectively)

between the amount of IL-2, IL-4 and IFNy produced b the ycling and cycling

groups. Though we did note that the ranges for the two groups were quite different for

IL-2 and [L-4. The diffe t the mini and i values for the cycling

volunteers was 1549 pg/ml whereas for the men it was only 677 pg/ml for IL-2. IL-4
showed a difference of 504 pg/ml and 195 pg/mi, respectively. These differences were

primarily due to a greater difference between ranges for the individual women, i.e. we had

“high prod " and "low prod " among the women. This difference in ranges

indicates that females, aithough they do not as a group produce more IL-2 or [L-4 they

do appear to have a greater individual diffe in the produced

4.2.2 Culture IL-1

The results indicate that, although there are differences in group means between
the cycling and noncycling volunteers, there was no significant difference in variability
in successive samples for any of the isoforms of IL-1 measured in either the stimulated

or i d culture
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For the groups means, our results indi d the following in imulated
women had higher levels of [L-1ra than did men. While IL-1p, and the agonist/antagonist

ratio, IL-1B/IL-1ra, sh: d no diffe b gender.

In cell cultures stimulated with LPS, no differences were found in IL-1p or IL-1ra

duction from stimulated cul b males and females, similarly, the IL-1B/IL-

Ira ratio analysis indicates that no gender differences exist based on the data from this

study. He , 2 of the 29 stimulated ples from the men were lost because they
were above the sensitivity of the plate while 17 of the 81 samples from the women were
lost, thus weakening our conclusions.

Lynch er al., 1994 looked at IL-1ct, [L-1B and IL-Ira production in nonstimulated
and LPS stimulated cultures. This group found that cells from women isolated during the
follicular phase, secrete more IL-1ra in nonstimulated cultures than cells isolated from
men. In addition, they found that women secrete more IL-1B than men, in contrast to this
we found no difference. In stimulated cultures Lynch and associates determined that there
were no significant gender related concentration differences in any isoform of IL-1 tested
which is consistent with the results of this study. Furthermore, Lynch and associates
found that the ratio of IL-lac + IL-1B to IL-lra was higher in the luteal phase for
unstimulated cultures but higher in the follicular phase for stimulated cultures. Our results
agree with these observations if we assume that Lynch ef al., sampled their volunteers
during the MF and ML phases of the cycle.

The differences observed in the results from the Lynch study, more IL-1ra and
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IL-1B produced by women than men in unstimulated cultures, and this study could be due

to a number of factors. The Lynch paper lyzed cytokine ion by RIA,

whereas in this study cytokine concentration was measured by ELISA. In addition to this,
Lynch et al., cultured PBMC in the presence of 1% autologous serum and stimulated with
1 ng/ml of LPS. In this study, 1% FCS was used to supplement the media and
stimulation was with a much larger concentration of LPS, that of 8 ug/ml. Our values for
IL-1ra production were much higher, particularly in the stimulated cultures, than those
found in the study by Lynch er al. Our values for IL-1B in stimulated cultures were also
much higher than theirs. This difference in the amount of LPS used to stimulate the
cultured cells in the two studies could have contributed greatly to the differences in the
data. It is known that LPS activates monocytes to secrete IL-1 by binding to specific

receptors on the cell surface. The diffe in the of IL-1 d under

stimulation with different concentrations of LPS may be due to differences in the number
or quality of receptor being bound by LPS, thus possibly influencing the levels of IL-1
produced by the cells in culture.

Not only are there differences in the methods used but there is a large difference
when considering results using the agonist/antagonist ratio. Lynch et al., had IL-1B and
IL-lo. as agonists, whereas we only measured IL-1B. Perhaps the most important
difference is that Lynch et al. did not determine exactly where in the menstrual cycle their

donors were when they were bled (days after first day of menses was known).
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423 Serum IL-1

Changes in IL-1B and IL-1ra in circulation over time in both the cycling females

and the noncycling males were ined . Statistical lysis dt d that both IL-
1B and IL-1ra in serum showed more variation over time, p=<0.01 and <0.05,

respectively, in the females as compared to the males, the females had significantly larger

in the ive les than did the males. This lends support to the

influence of cyclical hormonal changes on cytokine levels supporting the possibility that
the variation is influenced by the fluctuation in hormones in females and that this
difference might be partly due to these hormones.

Comparing the mean values for the noncycling and cycling groups we found that
there was no significant difference for [L-1B or IL-1ra between the two groups.

The finding that the females have more variation in the samples obtained than the
males but the lack of any significant difference between the overall means in serum IL-1
suggest that women do not produce more total [L-1 than men but that they do have many

more lows and highs in IL-1 production than do the males.

4.3 Cytokines and The Menstrual Cycle
A significant portion of the objectives of this study was to monitor serum cytokine
and cytokine production by cultured cells over the course of the menstrual cycle and then

determine if there was cyclical variation in cytokine levels in females.
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43.1 IL-2, L4 and IFNy

We found that the amounts of IL-2, [L-4 and IFNy produced by cultured PBMC
stimulated with PHA varied during the course of the menstrual cycle. IL-2 and IFNy
production is low at time of ovulation and high at the late luteal phase whereas [L-4 is
low at ovulation and high at menses.

It is obvious from inspection of Figures 3.12- 3.15 regarding production of IL-2,
IL-4 and IFNy that the levels of IFNy from the EF phase of the first menstrual cycle are
not comparable with the EF phase of the second menstrual cycle. There are several
possible explanations for this which are discussed in section 3.7.3 and will be briefly
mentioned here. First, in the second cycle the female volunteers did not measure their
time of ovulation, or the length of the cycle, thus the time of a volunteer’s second EF
phase is assumed rather than actually determined. It is true that all the volunteers had
normal cycles but that does not mean that they will always ovulate or that all their cycle
lengths will be the same. It is common for females to periodically have annovulatory
cycles (Prior et al., 1990) and, as is obvious from our Phase I results, every individual
varies in the total length of cycle, from cycle to cycle. Second, not all nine volunteers
were bled in both the first and the second EF phase. Third, it has been noted by other

groups that the intra-individual iation of the resp of human lymphocytes to

mitogenic stimulation can be quite great in humans (Herrera er al/, 1992) and in

production of IgA and IgG antibodies in inbred strains of mice (Gallichan and Rosenthal,

1996). Thus, itis that i ling of a small number of females over
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several cycles is an important experiment that needs to be done.

No detectable levels of IL-2, [L-4, and IFNy were observed in supematants of
unstimulated cultures. This is consistent with results of a study done by Candore ez al.,
1994, using PHA stimulated PBMC and harvest times similar to ours.

It is apparent from the statistical analysis that, for all three cytokines measured in

culture, duction is low at lation and high in the luteal phase of the cycle. This
suggests a dampening of the ability of the T cells to produce these cytokines at time of

ovulation when estrogen and LH is very high. Estrogen has been shown at high

physiological levels to inhibit proliferation of PHA sti d lymphocyte from females
(Herrera et al., 1992).

In addition, in male rats, Atherya er al, 1993, demonstrated that in vivo
administration of E2 and PHA caused a decrease in the percentage of CD4" T cells. Since
IL-2, IL-4 and IFNy are produced by CD4" T cells this could explain the lows we see at
ovulation and the resultant higher levels in the late luteal phase and menses when estrogen
levels are lower.

Studies done on cyclical variations in white cell populations from females and
males (Mathur ef al., 1979) also show that lymphocyte counts are negatively correlated
with E2 (decreased at pre-ovulatory E2 peak in the follicular phase) and monocyte counts
were positively correlated with P. No cyclical variation in WBC populations were seen
in males.

These data suggest that the variation observed by us in cytokine production is not
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necessarily due to a change in amount of cytokine produced per cell but rather due to a

change in relative bers of lear cell sub lations present in the circulation

and therefore in culture. The suggestion is that our results could reflect in vivo changes

in relative bers of cells, lled by hormones.

It is important to consider the T1/T,2 paradigm in the immune system. The Tl

and T2 patterns of cytokine production are well ct ized in mice. Tyl CD4" T cells
produce IL-2 and IFNy, whereas T2 CD4" T cells produce IL-4, IL-5, IL-10 and IL-13
(Mossmann and Coffman, 1989; Romagnani, 1991, 1995). T cells promote cell-mediated

and h ivation. In contrast T2 cells promote humoral

immune responses (Finkelman and Holmes., 1990).

The type of effector cell, either Tyl or Ty2 , that develops from the naive Ty0

CD4" T cells depend largely on the diti of antigen exp It has been shown
that the cytokines that T cells are exposed to infl the devel of a particular
subset. Activation of naive T cells in the p of IL-4 p Tq2 cells, wh

IFNy and IL-12 promote Ty1 development (Swain er al., 1990; Maggi et al., 1992; Seder
et al,, 1992; Hsieh er al., 1992; McKnight et al., 1994).

It is also known that the cytokine products of TH, and TH, cells are mutually
inhibitory. IFNy selectively inhibits proliferation of TH, cells and IL-4 inhibits
proliferation of TH, cells (Mosmann and Sad, 1996).

The terms Ty1 or T2 are often used to refer to responses dominated by [FNy and

IL-4, respectively (Mosmann and Sad, 1996). In this study we saw that both IL-4 and
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IFNy were low at ovulation but that levels of IL-4 were very high at menses and of [FNy
were high at MF and LL. This suggests a tendency toward a Ty1 response in the MF and
LL phase of the cycle with a T;;2 response during menses. Thus it would be reasonable
to suggest that the cycling of these cytokines could reflect the effect of hormones on the
relative numbers of circulating Tyl and Ty2 T cells. To confirm this it would be
necessary to analyze the T cell populations present at different times in the menstrual
cycle. Such an analysis is now possible with the advent of a new technique that allows
detection of a cell-surface marker that can distinguish T 1 from Tg2 CD4" T cells. It has
been found that IL-12R is not present on unstimulated T cells but that after stimulation
with antigen there is low level expression of the af chains of the receptor. Tyl cells
express both receptor chains but in T2 cells there is selective loss of B2 chain expression
(Rogge et al., 1997, Gallagher, 1997).

In future studies it would be possible to tag T cells and determine numbers of T;1
and Ty2 cells present at different times throughout the cycle thus supplying more
information on what is actually occurring.

Marz er al., 1996, looked at antigen and mi i d cytokine prod

by PBMC of healthy preg; and pregn. Is (with normal menstrual cycles).

The data showed that as gestation advanced from the 1st to the 3rd trimester of pregnancy,

production of IFNy by PBMC stimulated in vitro with PHA decreases and the T2

cytokines IL-4 and IL-10 & in ful pregn: with a Tyl to T2 shift

characterising the third trimester. The progesterone levels in the second and third
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trimester are similar to the physiological levels of P present in the luteal phase of the
cycle (Polan et al., 1994).
In addition to finding that IL-4 is high at menses we also observed a steady

in IL-4 production from lation to menses. In contrast, IFNY levels in the LL

phase are much lower than IFNy levels in the MF phase, though still higher than those
at ovulation. The data seem to parallel the trend seen in pregnancy with decreased [FNy

and 1 d IL-4 production as levels rise in the luteal phase.

432 Culture IL-1

The results of this study indicate that over the course of the menstrual cycle there
are significant changes in both the production by mononuclear cells and in the circulating
levels of IL-1ra and IL-1B. This section deals with the isoforms of IL-1 produced in
culture. The next section will deal with the results seen in the circulating levels of the
cytokines.

We have measured by ELISA the production of IL-Ira and IL-1B by cultured

lear cells lated and stimulated with LPS. From the data graphed (Figures

3.15-3.17) as phase of the cycle, it is apparent that there are fluctuations in the production

of these cytokines. Specifically, in imulated cultures repr ing the baseli
duction, IL-1ra fl ion is ck ised by highs in the MF, ML and at menses with
lows at lation and EL. Statistical lysis of these lows and highs does not confirm

the trend observed in the cycling women. IL-Ira production in LPS stimulated cultures
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indicates a pattern of highs seen during ovulation and ML with lows at EF and M,

opposite to that seen in the nonstimulated cultures, though these changes are not

£ i by statistical lysi
When idering IL-1PB production in the sup of imulated cultu

the data suggests a trend of a high in the LF phase and at menses and a low at the time
of ovulation, p=0.0471 and p=0.0170. In the stimulated culture supernatants there is a
high at ovulation, as seen in IL-1ra, and during menses with low levels at MF and ML
though these were not significant. It is very difficult to deduce anything from the graph
due to the fact that many of the values for IL-1p are above the sensitivity of the plate and
thus are not known. Even though the samples were diluted 1:10 or 1:20 (see Appendix
B) there are still many points missing in the data. Out of 96 values there are 21 missing
data points contributing to the uncertainty in dealing with the data; only 4 points of these
missing points occur in the follicular phase suggesting that [L-1B values in the luteal
phase are actually higher than seen in the graph. One way to deal with this would be to
convert all values to percent and estimate the high values as possibly 150%, thus allowing
for their use in the calculations and contribution to the graphs.

As a measure of functional IL-1, the biological activiti ibuted to IL-1 depend

in part on the ratio of agonist (IL-la and IL-1B) to antagonist (IL-1ra) (Lynch et al.,
1994). We therefore calculated the ratio of IL-1B/[L-lra. When considering this

ratio in imulated cultures we see at high at LF and M with a low

at Jation, h these diffe did not reach significance.
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In cell cultures stimulated with LPS, the agonist/antagonist ratio shows a high at
ovulation and menses, with a low at ML. ML versus menses, p=0.0057. In addition,
comparing with the Lynch er al., paper, if we consider the points of MF vs ML we find
that our results correlate with those of the Lynch study. Both studies indicate that the
IL-1 ratio is higher in the follicular phase than in the luteal phase. The problem with
comparing the two studies is that Lynch et al,, does not indicate the exact days in the

follicular and luteal phase the les were obtained and as is indicated in this study there

are fluctuations in the production of cytokines during the stages of the two phases as well

as differences between the two phases.

It is apparent from the data gathered on the cyclical ch in IL-1 that the

picture is still hazy but is different in imulated versus sti d culture sup

433 Serum IL-1

The amounts of IL-1B and IL-Ira in serum were measured by ELISA.

We found that both IL-1ra and IL-1P levels in circulation changed during the
menstrual cycle, (Figures 3.19 and 3.20). IL-lra levels were found to increase from the
MF phase to menses. Statistical analysis of the graph confirmed that the EF and MF
phases were low compared to the levels seen at ovulation p=0.0208 and 0.0075,
respectively. This trend implies that during the course of the menstrual cycle the

concentration of IL-Ira in circulation increases.
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IL-1B on the other hand, has a different trend. The data from IL-1B levels were
graphed and there appears to be a high at the EF phase, a decline to time of ovulation,
with the levels rising again to peak at the ML phase. Analysis of the graph does not
confirm this trend though it is suggested that perhaps with a larger sample size, as only
3-4 pairs were available, the change would be confirmed.

We also calculated the agoni: ist ratio as [L-1B/IL-Ira. This gives a

of the fi jonal IL-1 although, as in the culture, we did not measure [L-la.

When the IL-1 ratio was graphed as phase of the cycle, (Figure 3.18), we see that there
is a high at the EF phase and a low at time of ovulation, p=0.1450. Though this change
is not found to be significant, again we suggest that with a larger sample size it could
prove to become significant. The levels in the luteal phase are lower than that of the
follicular phase but higher than the levels at ovulation. This apparent high in the
follicular phase is in contrast to the results of a study by Cannon and Dinarello in 1985
where they found IL-1 activity in plasma, as measured by a bioassay (D10 thymocyte
proliferation assay) to be greater in the luteal phase compared to the follicular phase.
Differences in the results could be due to the fact that we measured actual IL-1f

and IL-Ira ion in serum wh they d IL-1 bioactivity which would

include IL-la, IL-1PB and IL-1ra in combination. The inclusion of IL-lc in an analysis
of IL-1 activity or concentration appears to be important for the entire IL-1 picture. They
Jjudged their five donors to be in the luteal phase when serum progesterone was 7.4-12.9

ng/ml and in the follicular phase when serum progesterone was 0.7-0.9 ng/ml/. In our



study only two women had progesterone values between 0.7 and 0.9 ng/ml in the
follicular phase (the other values were lower). The mean IL-1 ratio for the corresponding
two samples was 0.03. Eight women had luteal progesterone values between 7.4-12.9
ng/ml. The mean IL-1 ratio for the corresponding samples was 1.49 which is similar to
Cannon and Dinarello's findings of higher IL-1 values in the luteal phase.

Future studies would have to include a method of measuring IL-1c; we could not
find an ultrasensitive commercial ELISA assay needed for measuring this isoform of IL-1
in serum. Perhaps using a bioassay for [L-1 would be more appropriate for serum levels
and perhaps more biologically relevant.

From the data gathered on serum IL-1 levels it is evident that there is a change in
circulating IL-1 during the menstrual cycle. This is consistent with the other cytokines
examined and implies that hormones do affect the production of cytokines supporting the

hypothesis that hormones affect the immune response in humans.

4.4 Correlations and Regressions

A final aim of this study was to determine if the variation we observed in cytokine

expression is linked or correlated with the gonadal h p and
luteinizing hormone as well as several other variables we had gathered information on.

The various results of the regressi lysis are p d in section 3.8 of this

thesis.
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4.4.1 IL-2, IL4 and IFNy

Multiple regression of the data to determine if any of the variables measured had
an influence on the production of the cytokines indicates that IL-2 is related to day of
ovulation, length of cycle and age of the volunteer r=0.59801, p=0.0007, 0.0000 and
0.0000, respectively. IL-4 had a relationship with day of ovulation and age of the
volunteer, r=0.63416, p=0.0010, and 0.0000, respectively. IFNy was found to have a
weak relationship with age, r=0.21940, p=0.0377.

Specifically the ion ill d that IL-2 d d with age, though the

production of IL-4 and possibly IFNy increased with age. Similarly, Engwerda et al.,
1996, demonstrated the same phenomenon in male mice T cells stimulated with
immobilized anti-CD3e chain monoclonal Ab and soluble anti-CD28 mAb for 24 hrs. In
addition, both IL-2 and IL-4 production was found to decrease as the follicular phase
becomes longer, meaning that the further away ovulation day is from the beginning of the
cycle the lower the amount of IL-2 and IL-4 will be produced in culture. Unfortunately

itisi to deduce inf ion from the [FNy regression due to the low coefficient

of lation d ing a weak relationship, if one at all.

4.4.2 Culture IL-1

Multipl i lysis indi d that IL-1ra levels in nonstimulated cultures

8 'y

had a correlation of r=0.43696 with day in the cycle the sample was taken (p=0.0439) and

age of the volunteer (p=0.0003). IL-Ira in stimulated cultures showed a significant
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correlation with day in the cycle the samples were taken, r=0.36596, p=0.0011.

These results indicate the IL-lra production from both nonstimulated and
stimulated cultures are related to the day in the menstrual cycle the sample was taken
further supporting the hypothesis that IL-1ra levels change during the cycle. Specifically,
these results indicate that the later in the cycle the sample is taken the greater the amount
of IL-1ra produced in culture. This corresponds to the cycle data we have that indicates
that IL-Ira production is higher during the later half of the cycle, the luteal phase. As
with IL-4 and IFNy, IL-1ra production in culture also seems to increase with age of the
volunteer. This finding is not obvious when the raw data are examined; the coefficient

of d ination for this ion was b 13 and 19%, suggesting that only a

relatively small portion of the variance in IL-1ra can be attributed to these factors.

R ion of IL-1B indi a lation with cycle length in nonstimulated

cultures, r=0.34083, p=0.0039, and in stimulated cultures with day in the cycle ovulation
occurred, r=0.42277, p=0.0008, suggesting that changes during the menstrual cycle do
influence the production of IL-1B. Both cycle length and day of ovulation are controlled
by hormonal factors in the body. It is these hormones that determine when in the cycle
a person will ovulate and how long the total length the cycle will be thus contributing to

the hypothesis that IL-1B production in cul are infl d by h | variation.

IL-1B production in imulated cul was found to be greater the longer the total

cycle length, and, in stimulated cultures, the further into the cycle ovulation occurs. Both

of these variables are intimately related in that the further into the cycle ovulation occurs
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the longer the cycle will be. Examining the mean values in Tables B.16-B.30 in

Appendix B shows that 3 of 5 volunteers who had longer cycles had much higher amounts

of IL-1B produced in stimulated cul

443 Serum IL-1

was also perft d on the data to determine if any of the

variables measured had an influence on the levels of the [L-1 isoforms in serum. IL-lra
was found to have a strong correlation r=0.58700 with the length of the cycle, p=0.002,
age of the volunteer, p=0.0083, and with the concentration of estrogen during the cycle,

p=0.0008. IL-1PB was found to correlate, r=0.75567, with the length of the cycle, the day

of ovulation, and age, p=0.0000 for all variabl This ion further supp that

cycle infl the level of IL-1P and [L-1ra in circulation.

during the
To clarify, both isoforms of IL-1 are found to have lower levels in circulation the
older the individual is. In addition, IL-1 is also related to the total length of the cycle.
The regression indicates that IL-Ira decreases as cycle length increases but IL-1B
increases as cycle length increases. Examining Tables B1-B15 in Appendix B, indicates
approximately that the four individuals who were the youngest of the group had a mean
IL-1ra level of 435.4 pg/ml compared to the five older individuals who had a mean of
159.2 pg/ml. Examination of IL-1pB levels shows that the younger individuals have a
mean of greater than 6.03 pg/ml, whereas the older subjects had a mean of less than 0.66

pg/ml, consistent with the results of the i lysis. In addition, the data shows
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that individuals who had cycle lengths between 29 and 31 days had a mean IL-1ra level

of 212.3 pg/ml whereas those with cycle lengths between 26 and 28 days had a mean of

369.2 pg/ml; IL-1P levels were approximately 4.4 pg/ml and 0.5 pg/ml, respectively.
Finally, it is important to note that these r values are very high indicating strong

correlations with the ind d iables and that the coefficient of determinations for

IL-1 are 34 and 57%, respectively, suggesting that much of the variation we see in the

levels of IL-1 in circulation is due to theses variables.

4.5 C3 and C'HS50

These components were measured by two other students using the sample set
created in this project. The same analyses were done on the results as on the cytokines
measured in this project. Briefly, it was found that C3 concentrations and hemolytic
activity, C'HSO0, changed during the menstrual cycle with peaks in early to midfollicular

and midluteal phase and lows at time of ovulation. Thus the complement components

exhibit the same general pattern of d d levels in circulation at time of ovulation as

many of the cytokines we measured. In addition, C'HS0 was found to be more variable
in the females than in the males in successive samples. Finally, men were found to have
significantly higher C3 concentrations than females. This is similar to the findings of

Agostini er al., 1968.
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4.6 Receptors
Significant differences between the immune systems of males and females have
been demonstrated in this study. It is known that females have a) greater incidence of

<)

autoimmune diseases than males; b) higher levels of i

responses; and d) greater resi tob ial and itic infections than do males (see

Section 1.2 and 1.4). The implication is that sex hormones or other products of the

gonads play an i role in these diffe

Both estrogen and progesterone are thought to infl the 1 P

These effects have been demonstrated in a variety of studies. Estrogen has been shown
to increase production of IL-1 in vivo by mouse peritoneal (Flynn, 1986) and in vitro by
rat peritoneal macrophages (Hu et al., 1988).

The effects of sex hormones could be indirect, as 2 combination of factors that

infl the Al ly, the infl of sex h could be due

to a direct effect of these hormones on the various arms of the immune response. A direct
effect could possibly be facilitated by the action of the sex hormones on the immune cells

via specific receptors. Recent evid has d d the p of specific

hormone receptors on various cells of the immune system and supports a possible direct
effect.

Gulshan er al., 1990, using whole cell assays, investigated the possibility of 178-
Estradiol receptors on male rat peritoneal macrophages and on a human monocytic

leukaemia cell line, JIII, established from a female patient. They found that both cell
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types expressed high affinity binding receptors for estrogen. The results also indicated

that there were two different estrogen binding receptors.

Similarly, Cutolo et al., 1996, i d human synovial ph b d
from RA and healthy subjects for the p of p Specifi lonal
Ab led i ining for P in cul of h b d
from both groups of subjects. Two types of were d d on

macrophages, a type [ (high affinity, low capacity) and type II (lower affinity, higher

capacity) receptor. In addition, they found i d levels of P of both
types on cells from rheumatoid samples. The authors suggests that these results correlate

with a sti y effect by physiological levels of impli in the

pathophysiology of RA.
Both of these studies provide evidence for the possibility of a direct action of the

b &

sex via speci oni ceils. IL-1, TNFa, and IL-6, are

principally produced by h The ch we found in this study, in both

secretion of IL-1P and IL-1ra from cultured cells and in circulation could be due in part
to the direct effect of estrogen during the cycle on the macrophages that produce these
cytokines.

Estrogen receptors have also been identified on human blood mononuclear cells
and thymocytes. Weusten er al, 1986, investigated the estrogen binding sites in
mononuclear cells from healthy donors, patients with leukaemia or SLE and in

thymocytes, using the dextran-coated charcoal assay. The results indicated that estrogen



receptors were present on MNC isolated from both sexes, and from female patients who

had leukaemia or SLE, and on thymocytes.

Not only have p been identified on thymocytes, Cohen et al.,
1993, di ated the p of ptors on human peripheral T cells. The
peripheral T cells were obtained from th ic duct drai performed before renal
transplantation. The results d that are present on CD8" T cells

but not on CD4" T cells. Thus the authors suggest that the immunoregulatory effects of
estrogen could be modulated by CD8" cells but not by CD4" cells. Similarly, Stimson,
1988, found the same resuits for human T lymphocytes.

Thus it is apparent that many studies have shown the presence of estrogen

receptors on various cells of the immune system lending support to the theory that sex

h directly infl the i D
In addition to the evid of P on i cells, a study done
by Fox et al., 1991, indi that B! it IFNy cytokine gene expression. In

this study male mice spleen cells obtained by macerating the spleens were stimulated with

Con A in the presence or absence of g to phy

of i d [FNy fon in mi imulated spleen cells. In addition,

they demonstrated that estrogen has a direct stimulatory effect on [FNy promoter activity.
Thus the authors suggest that the IFNy gene is subject to direct hormonal control.

IFNy is produced by both CD4" and CD8" T cells as are IL-2 and IL-4. Based

1 liched evid

on the p of specific 4 P on CD8+ T cells, and the finding
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that IFNy gene expression is lated by we suggest, that the cytokine changes
we see during the menstrual cycle in humans, may in part be due to direct hormonal
regulation of these cytokines via specific receptors.

In addition, Vik er al., 1991, described structural features of the human C3 gene
and found a number of regions that share homology with known regulatory sequences

including IFNy, IL-6 and NF-xB responsive elements and also the estrogen response

element suggesting that C3 may be infl d by ); , there
is clearly no simple relationship between estrogen and serum C3 level, since estrogen in
our cycling women peaked at pre-ovulation and again at midluteal, with the lowest values
at early follicular. One would have to postulate an inhibitory effect of high concentrations

of and possibly a stimulatory effect of prog: in order to explain changes

in serum C3 concentration as a direct result of changes in hormone levels.
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4.7 Conclusions

This study of ch in i during the menstrual cycle has

indicated that there are cyclical fluctuations in the level of cytokines as well as C3 and

C'HS0, over the course of the I cycle in femal The intriguing finding in this

study was that the majority of the ined were low at time of ovulation.

Why this is so is not known, though we know that estrogen is very high just prior to
ovulation and perhaps this has an inhibitory effect on the immune system. The presence

of estrogen receptors on various cells makes possible a direct effect of estrogen on the

immune system. Whether or not or luteinizing h also has an effect
is unknown. The literature has very little evidence of the effect of these hormones and
further investigations into this are needed.

This study suggests a T1 to T2 shift over the course of the menstrual cycle, from
the follicular to the luteal phase, which is consistent with the finding in pregnancy. This
observation is interesting and could have relevance to selecting the optimal time of
vaccination in women.

The ch: in the infl y cytokine IL-1 over the menstrual cycle indicates

that there are times during the cycle when women are more likely to produce a larger

amount of IL-1 in resp to

We demonstrated that cycling females, as compared to males, are more variable
over time for IL-4 and IFNy, produced by cultured cells, and [L-1ra and IL-1B in

lation. In additi imulated cultured cells from females had significantly higher
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mean values for [L-1ra than males though females showed lower mean IL-1 ratio levels
in serum than males.

Taken together, these results indicate that there are cyclical changes in the
concentration of the cytokines suggesting that regulation of cytokine production are

fundamentally different in women than men and that, in females, the immune response is

infl d by ch in h status.
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4.8 Future Studies

This project had several aims and based on the resuits obtained it is apparent that
those aims have been met. Although we have found that cyclical changes do occur in the
immune parameters measured in serum and in culture, there are still a number of questions
left unanswered.

Future projects investigating the influence of hormones on the immune response
should involve culturing of PBMC with various concentrations of estradiol and
progesterone as have been done in some other studies but also with various concentrations
of luteinizing hormone since the majority of the cytokines appear to be low at ovulation
when LH is very high.

Any future study would also have to involve a larger sample size to allow for

better statistical Timing of would have to be more rigorous as we

failed to obtain blood during the EF phase from many of the volunteers and missed the
time around ovulation. As ovulation appears to be a time of "immunosuppression” it
would be imperative to have more samples around this time.

Our data suggests a Ty1 to T2 shift in cytokine production from the follicular to
the luteal phase of the menstrual cycle, based on cytokine production patterns. A new
technique published this year allows separation of the T, 1 and T2 phenotypes by surface
markers thus it would be possible to confirm this trend during the cycle by quantifying
T cells.

The present investigation focused on healthy cycling female responses during the
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menstrual cycle in order to establish a baseline against which results of women with

certain di could be d. An i igation of women with autoimmune

diseases like SLE or RA would be interesting. Do such females follow a similar or
different pattern of expression than the normal female population?

A potential future project would be to examine healthy females taking oral
contraceptives as they do not have the same hormonal changes as women who are not
using them. How do the cytokine levels vary in this group? Do they vary at all, if as we

I ch are infl ing i P ? Are their i systems

suspect, h

d d or enh d by the oral ive and do they return to "normal" after they

cease using the oral contraceptives? Prior et al., 1995, has shown that females taking

d acetate experi i d basal body temp which suggest
changes in cytokines.
There are a large number of questions to be asked about regulation of cytokine
production and it appears that as more work is done more questions arise. Research in
immune-endocrine interaction may provide information about basic biology and also be

relevant to such areas as autoimmunity, oncology, and vaccines.
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CYTOKINE EXPRESSION AT DIFFERENT PHASES OF
THE MENSTRUAL CYCLE

INITIAL
QUESTIONNAIRE
CODE ADDRESS
AGE ____
HEIGHT _____ PHONE (HOME)
WEIGHT _____ (WORK)

APPROXIMATELY HOW LONG IS YOUR MENSTRUAL CYCLE?

WOULD YOU DESCRIBE YOUR CYCLE AS REGULAR? YES NO
IF NO, EXPLAIN.

CAN YOU GIVE A MENSTRUAL CYCLE DIARY OF THE PAST COUPLE
OF CYCLES?
(i.e. beginnings of your periods)

COULD YOU PLEASE DESCRIBE ANY SYMPTOMS YOU EXPERIENCE
IN ASSOCIATION WITH YOUR PERIOD.
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(i.e. severity of cramps and pain) YES NO

DO YOU TAKE MEDICATION FOR THESE SYMPTOMS? YES NO
PLEASE INDICATE SPECIFICALLY.

WHEN WAS THE LAST TIME YOU TOOK B.C.P.? N/A

ARE YOU SEEING A DOCTOR FOR ANY MEDICAL PROBLEMS ?
IF YES, PLEASE EXPLAIN. YES NO

WHAT , IF ANY, MEDICATION ARE YOU CURRENTLY TAKING ? NONE
(include over the counter medication)

DO YOU EXERCISE REGULARLY ? PLEASE OUTLINE BRIEFLY
YOUR SCHEDULE.

204



CYTOKINE EXPRESSION AT DIFFERENT PHASES OF
THE MENSTRUAL CYCLE

INITIAL
QUESTIONNAIRE
CONTROLS
CODE ADDRESS
AGE
HEIGHT PHONE (HOME)
WEIGHT (WORK),

ARE YOU SEEING A DOCTOR FOR ANY MEDICAL PROBLEMS ?
IF YES, PLEASE EXPLAIN. YES

WHAT , [F ANY, MEDICATION ARE YOU CURRENTLY TAKING ?
(include over the counter medication)

DO YOU EXERCISE REGULARLY ? PLEASE OUTLINE BRIEFLY
YOUR SCHEDULE.
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Menstrual Cycle Diary

Instructions to use the diary

1. On the first day of menstruation prepare the diary: Considering the first day of bleeding
as day 1 of your menstrual cycle enter the corresponding calender day for each day in the
space provided below.

2. Each Evening: At about the same time complete the column for that day as described
below

Bleeding: Indicate if you have had bleeding by shading the box above that days date
;for spotting use an

Symptoms: If you do not experience any symp leave the cor ding square
blank. If present indicate severity

MILD: 1 (noticeable but not bl
MODERATE: 2 (interferes with normal activity)
SEVERE: 3 (temporarily incapacitating)

MEDICATION: On the bottom of the sheet indicate the medications you have taken
during your cycle, include any (over the counter medications: cough syrup, aspirin, cold
tablets, etc). Indicate the days you took them and the dose.
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CYTOKINE EXPRESSION AT DIFFERENT PHASES OF
THE MENSTRUAL CYCLE

ROUTINE
QUESTIONNAIRE

CODE DATE,

HAVE YOU TAKEN ANY MEDICATION IN THE LAST FEW DAYS ?
(i.e. aspirin , cold tablets , prescriptions, birth control pills) YES NO

DO YOU BELIEVE THAT YOU COULD BE PREGNANT? YES NO

WHEN DID YOU LAST START YOUR PERIOD?

HAVE YOU ENGAGED IN SEXUAL INTERCOURSE IN THE LAST 12
HOURS. YES NO

HOW HAVE YOU BEEN FEELING THESE LAST FEW DAYS ?
ANY NIGHTMARES , RESTLESSNESS , TROUBLE SLEEPING ?
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COULD YOU PLEASE OUTLINE YOUR EXERCISE SCHEDULE
FOR THE PAST FEW DAYS. INCLUDE ANY WALKING ,
AEROBICS , WEIGHT LIFTING , SWIMMING , ETC. .
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CYTOKINE EXPRESSION AT DIFFERENT PHASES OF
THE MENSTRUAL CYCLE

ROUTINE

QUESTIONNAIRE
CONTROLS

CODE DATE

HAVE YOU TAKEN ANY MEDICATION IN THE LAST FEW DAYS ?
(i.e. aspirin , cold tablets , prescriptions)

HAVE YOU ENGAGED IN SEXUAL INTERCOURSE IN THE LAST 12
HOURS. YES NO

HOW HAVE YOU BEEN FEELING THESE LAST FEW DAYS ?
ANY NIGHTMARES , RESTLESSNESS , TROUBLE SLEEPING ?

COULD YOU PLEASE OUTLINE YOUR EXERCISE SCHEDULE
FOR THE PAST FEW DAYS. INCLUDE ANY WALKING,
AEROBICS , WEIGHT LIFTING , SWIMMING , ETC. .
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Table A.1. The volunteers hemoglobin levels (g/L) and various cell population numbers (10°/L)at
the beginning (B) of the study and at the end (E). The mean and the p value for the paired
comparison. Minimum levels of 90 g/L was required to gain entrance to the study.

Volunteer Hgb WBC' Monocytes'  Lymphocytes'  Neutrophils

B E B E B E B E B E
21.04.70 135 126 5.3 38 0.5 03 1.4 11 34 24
01.04.75 141 131 6.0 48 0.6 04 1.9 1.7 34 26
22.09.75 135 126 58 6.5 0.4 02 1.6 1.6 37 43
15.12.73 129 116 5.7 43 03 03 1.6 14 35 24
06.09.72 145 136 3.7 36 04 04 13 1.0 20 21
29.08.71 143 na’ 5.6 na 0.5 na 1.6 na 32 na
22.11.75 137 123 4.5 3.7 04 02 1.6 1.5 23 1.6
09.10.64 152 146 5.7 50 03 03 1.7 1.6 35 30
30.04.65 138 123 57 4.6 0.4 03 23 1.9 26 22
06.11.71 160 na 54 na 05 na 1.7 na 31 na
24.02.71 160 na 5.1 na 03 na 13 na 35 na
17.02.75 155 156 5.7 59 0.5 05 1.5 L5 36 38
16.05.74 157 na 4.5 na 04 na 1.6 na 27 na
19.02.36 136 124 44 5.0 03 03 1.1 11 28 34
17.10.38 138  na 5.6 na 0.7 na 20 na 23 na

Mean 140° 131 5.3 4.7 0.4 03 1.6 14 3.1 28

! cells at 10°.
* not available.
? p<0.05, two-tailed, non-parametric.
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Table B.1-B.15. Original sample data, means, and dard deviati for all the vol in
the study. Tables include the parameters measured in serum and day that the sample was taken.
For the female volunteers "day" is expressed as day in the cycle the sample was taken and for
the males and post-menopausal women "day" is expressed as month and day the sample was

btained. Serum included in the tablesareIL—Im. IL-1B, C'HS50, C3 and the
h 17B-Estradiol, Pra and Luteinizi For the cycling women cycle
length and day of ovulation (O) are given below the volunteer identification code.
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Volunteeer 21.04.70
Cycle 29 Days (O=Day 17)

DAY c3 IL-ira IL-1p C'HS0 E2 LH PRO
mg/ml pg/mi pg/ml Ulml pg/ml wl ng/mi
2 0.95 183 0.30 282 68 4 04
-] ot’ at ot ot 70 4 02
7 0.90 138 0.17 262 65 5 02
13 0.77 217 0.84 nt 115 3 0.1
14 0.78 176.7 <t ot 140 5 0.2
16 0.88 1555 < ot 180 33 0.8
19 0.78 1858 223 270 131 6 77
21 079 1396 126 ot 150 4 132
23 082 503 027 269 123 2 9.6
26 0.86 293 1.50 222 173 2 122
28 091 635 2.10 210 102 3 20
1 083 206.7 1.63 226 61 3 02
4 084 ot 0.10 295 55 6 0.1
6 0.86 705 < at 53 4 0.1
MEAN 0.84 943 1.04 255 106 6 34
SD. 0.06 73.1 081 3Ll 45 8 49
" not tested.

¢ < 0.083 pg/ml.
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Volunteer 01.04.75

Cycle 27 Days (O=Day 16)

DAY c3 LL-tra IL-1 C'HS0 E2 LH PRO
mg/ml pg/ml pg/ml units pg/ml wl ng/ml
3 1.06 116.1 43 196 45 3 08
5 0.94 2130 > 171 48 3 02
9 1.07 180.3 > ot 59 5 0.1
10 at’ 1415 > 163 79 6 0.1
12 1.02 380.2 > ot 102 6 0.1
15 091 2309 > 136 210 25 0.3
17 091 3372 > at 84 7 1.0
19 0.87 266.5 > 144 102 4 238
22 0.99 406.6 > at 173 3 5.1
24 0.88 3998 > nt 161 5 48
2 105 386.5 > 152 131 4 3.8
2 092 507.0 > 140 38 2 0.2
4 092 567.2 > 174 40 3 02
MEAN 097 3179 - 160 98 6 LS
sD. 0.08 139.5 g 20 56 6 19

* not tested.
/> 10 pg/ml.
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Volunteer 06.09.72

Cycle 28 Days (O =Day 16 )

DAY c3 IL-lra IL-1B C'HS0 E2 LH PRO
mg/ml pg/mi pg/ml units pg/ml wl ng/ml
4 116 44.0 1.61 202 68 1 02
8 0.99 164.0 0.45 at 63 2 0.1
1 1.03 73 1.03 179 84 3 03
14 0.93 att 0.50 190 187 10 02
16 0.98 1333 1.26 196 251 2 14
18 0.93 1792 0.28 ot 105 8 3.0
21 1.06 803 061 at 161 2 14.5
23 1.02 66.0 2.02 199 151 4 96
25 1.04 170.0 0.10 187 145 2 2.2
28 101 191.7 031 206 180 1 0.9
2 113 158.6 028 at 57 3 02
4 119 3325 < ot 52 2 02
MEAN 1.04 1446 0.77 194 125 5 36
SD. 0.13 81.2 0.63 10 63 6 5.3
* not tested.

¢ <0.083 pg/ml.
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Volunteer 22.09.75

Cycle 26 Days(O=Day 13)

DAY o= ] IL-1ra IL-1B C'HS0 E2 LH PRO
mg/ml pg/ml pg/ml units pg/ml ul ng/ml
7 at’ nt ot ot 112 3 ot
10 nt 9122 055 ot 193 3 03
12 ot 1029.0 at ot 302 11 02
14 121 1025.0 0.086 nt 120 15 07
17 1.23 1007.0 <t ot 140 5 6.7
19 1.32 1036.0 < 143 244 4 17.1
21 1.23 8774 582 138 244 6 188
24 1.28 972.9 < 144 221 2 T2
26 1.28 851.9 0.87 163 78 2 05
2 1.40 9296 0.14 171 46 3 03
5 137 116.1 0.086 158 3 2 02
MEAN 129 8757 126 153 161 5 52
SD. 0.07 2749 226 13 84 4 73
' not tested.

% < 0.083 pg/ml.
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Volunteer 29.08.71

Cycle 29 Days (O=Day 15)

DAY ox] L-1ra IL-1B C'HS0 E2 LH PRO
mg/ml pg/ml pg/ml units pg/ml wl ng/ml
7 1.29 497 0.10 at' 87 5 0.1
9 L1 538 < 206 74 5 0.1
11 118 91.1 0.30 202 87 4 0.1
14 0.97 1125 0.20 200 169 33 02
16 0.96 163.4 0.13 201 112 20 1.2
18 112 208.9 0.45 nt 116 4 46
21 123 162.2 < 243 169 1 6.0
23 114 283.0 < 250 137 2 92
25 L12 3778 0.89 ot 132 4 140
29 L12 2914 0.19 239 57 2 05
8 1.25 2672 < 249 102 5 08
10 LIl 2816 < 232 95 5 02
MEAN L13 1952 032 225 111 8 31
SD. 0.09 106.2 028 22 35 9 45
' not tested.

$ < 0.083 pg/ml.
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Volunteer 15.12.73

Cycle 29 Days (O=Day 14)

DAY c3 L-1ra IL-1B C'H50 E2 LH PRO
mg/ml pg/ml pg/mi units pg/ml ol ng/ml

3 091 1076 13.82 ot 68 3 02

6 0.93 96.9 13.49 205 87 3 0.1
8 0.97 181.1 1439 193 87 4 0.03
10 0.93 128.8 14.80 nt 125 6 0.03
13 0.85 2363 12.49 ot 271 60 0.6
15 0.93 579.9 13.13 153 116 7 26
17 0.84 3449 13.63 ot 134 4 42
20 1.04 754.1 14.11 213 270 7 132
22 0.98 191.7 11.85 ot 193 3 156
24 0.89 2012 10.04 149 202 8 103
28 0.94 3104 12.08 186 97 4 06
29 0.95 408.1 12.43 143 58 2 0.1

2 0.96 576.6 11.59 154 56 3 0.1

6 0.98 276.1 1133 196 65 4 0.1

7 1.02 316.1 12.20 ot 44 4 0.1
MEAN 0.94 314.0 12.76 177 125 8 32
S.D. 0.06 192.7 1.30 27 75 14 53

' not tested.
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Volunteer 09.10.64

Cycle 28 Days (O=Day 13)

DAY c3 IL-1ra IL-1B C'HS0 E2 LH PRO
mg/ml pe/mi pg/ml units pg/ml ull ng/ml
4 0.90 73.0 <t ot kel 4 0.1
6 0.92 9L.1 < 187 115 2 0.4
8 0.94 95.9 < ot 123 5 03
11 0.86 845 093 191 235 12 0.1
13 1.00 3477 0.58 ot 259 24 0.5
15 0.94 126.3 0.17 ot 92 7 1.8
19 0.98 92.1 < at 108 4 17.0
20 0.95 138.7 < nt 74 3 21.0
22 097 100.6 < ot 169 8 128
26 0.90 1645 025 ot 124 1 79
27 093 1102 0.17 ot 95 2 28
1 097 1082 0.79 210 69 5 05
5 083 1197 < 197 90 4 02
6 0.96 152.1 < 212 128 5 01
MEAN 093 1289 048 199 126 6 47
SD. 0.07 68.2 033 11 58 6 7.1
* not tested.

%< 0.083 pg/ml.

220



Volunteer 22.11.75

Cycle 31 Days (O=Day 18)

DAY c3 IL-lra IL-1B C'HS0 E2 LH PRO
mg/ml pg/ml pg/mi anits pg/ml un ag/ml

3 1.20 199.7 243 194 61 7 03

s 117 2093 227 206 52 4 0.2

9 114 132.1 2.87 at’ 52 6 ot

10 115 1435 159 184 63 7 04
12 113 176.9 2.06 ot 93 7 04
16 1.09 181.6 4.08 197 270 10 03
17 1.04 200.7 3.06 185 285 14 0.1
19 1.07 2474 3.02 170 125 13 1.0
23 1.08 1473 426 165 134 2 15.6
24 1.03 154.0 m 177 170 3 156
26 L1 193.1 4.03 ot 211 5 156
29 L17 2055 497 172 211 1 89
31 109 4709 3.76 198 3 1 05

2 1.08 286.6 334 197 33 2 03

5 112 200.7 3.52 174 51 3 04
MEAN L1 209.9 327 185 126 6 40
SD. 0.05 82.5 0.92 13 84 4 6.5

* not tested.
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Volunteer 30.04.65
Cycle 31 Days (O=Day 18)

DAY c IL-1ra IL-1B C'HS0 E2 LH PRO
mg/ml pg/ml pg/mi units pg/ml al og/ml
6 132 262.7 < 67 90 4 ot
8 129 2493 < 67 99 4 0.1
12 120 368.7 < 60 95 5 0.1
13 ot 3333 035 62 95 7 02
20 121 318.1 < 71 152 9 39
22 1.36 3266 < 73 247 > 10.8
25 145 2617 < 73 176 1 6.0
27 1.36 236.0 < 74 112 1 56
29 132 3133 < nt 79 4 25
8 1.29 3104 < ot 84 5 001
MEAN 131 2980 - 68 123 5 32
SD. 0.08 430 - 5 54 3 37
! not tested.

< 0.083 pg/ml.
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Volunteer 24.02.71

Male Control

DATE ox ] IL-ira IL-1p C'H50 TEST
mg/ml pg/ml pg/ml units ng/ml
M5 132 2578 1.06 ot 7
17 127 981.4 <t 155 4
19 ot' ot ot ot ot
23 145 3053 < at 12
24 1.29 246.7 < 164 7
26 1.29 4346 < 173 ot
29 143 2349 < 172 13
31 146 276.6 < 174 10
J2 136 1953 < ot 6
5 147 2129 < at 3
7 126 2239 < 167 6
9 1.29 191.6 < 169 6
MEAN 1.35 534.7 - 168 7
SD 0.08 714.8 - 7 3
" not tested.

* < 0.083 pg/ml.
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Volunteer 06.11.71

Male Control
DATE c3 IL-ira IL-1p CHSO  E2 TEST
mgml pgml  pgml  units  pg/ml ng/ml
Mis 129 2256 491 169 49 6
17 138 3024 528 153 35 10
19 133 65.5 541 157 27 4
23 L13 133.1 6.49 158 32 9
24 L1 36.8 475 156 44 13
26 132 258 2,09 171 48 9
29 120 18.5 222 156 59 9
31 132 46.3 2.06 171 64 7
12 126 44.8 1.84 at' 44 8
5 121 321 238 ot 41 7
7 119 39.4 223 168 34 3
9 124 228 3.04 162 55 5
MEAN 125 8238 356 162 44 8
SD. 0.08 91.3 167 7 11 3
* not tested.
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Volunteer 17.02.75

Male Control
DATE c3 L-1ra IL-1B C'HS0 E2 TEST
mg/ml pg/ml pgml  units pgmi  ng/ml
M24 i.28 46.3 455 ot’ 78 7
26 1.21 108.4 433 83 64 7
J2 116 46.3 4.18 82 53 13
5 119 425 4.05 82 59 10
7 1.24 49.5 7.23 ot 81 12
9 1.15 455 397 86 7 10
14 123 759 3.79 86 68 13
16 1.27 919 797 88 49 9
19 1.27 257 8.67 98 46 7
MEAN 122 59.1 542 86 63 10
SD. 0.48 2638 1.95 6 12 2
" not tested.
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Volunteer 16.05.74
Male Control

DATE c3 IL-ira IL-1p C'H50 TEST
mg/ml  pg/ml  pg/ml units  ng/ml

Ji4 ot’ ot at ot nt
19 1.06 1926 3.93 168 6
21 109 160.8 3.59 ot 5
24 1.00 1024 454 174 4
26 116 8172 4.06 186 6
28 1.07 95.55 4.50 188 3
31 nt 9161 4.56 178 5
Al 107 90.63 2.90 175 13
3 1.02 1295 5.08 ot 4
MEAN 1.07 118.1 4.15 178 6
S.D. 0.05 39.7 0.68 8 3
" not tested.
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Volunteer 19.02.36

PM Control

DATE C3  M-tra IL-1p CHSO E2 LH PRO

mgml pgml pgml pgml pgml wl  ngml
MIs L19 1372 057 130 29 10 0.1
19 143 1314 055 ot! 32 10 02
23 125 1353 379 122 27 10 04
24 125 146.2 128 122 40 10 04
26 127 2171 050 124 59 8 02
29 120 86.5 037 128 41 9 01
nz L4 1150 075 127 34 9 0.1
14 124 1482 063 138 37 10 03
16 122 1462 0386 at 51 9 04
23 136 973 0.90 132 46 10 02
27 129 1294 097 125 46 8 0.1
28 L16 1363 188 122 28 10 0.1
30 1.21 171.5 0.51 123 44 10 03
MEAN 125 1383 1.04 127 40 9 02
SD. 0.08 324 0.92 6 10 1 0.1

! not tested.
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Volunteer 17.10.38

PM Control
DATE c3 IL-ira  IL-1B C'h50 E2 LH PRO
mg/ml pg/ml pg/ml units pg/ml wl ng/ml
Mi15 131 260.4 >/ ot" 23 29 0.5
17 1.43 276.3 > ot 28 22 03
19 131 2347 > 224 20 24 0.2
23 136 302.9 > ot 13 24 0.1
24 121 292.4 14 237 13 26 03
26 124 290.1 > 202 31 25 03
29 125 2458 > ot 31 25 0.2
31 1.20 368.6 > nt 19 23 0.1
J2 1.34 299.4 1.9 ot 28 29 0.1
5 123 269.5 > ot 76 28 03
7 121 2729 > ot 44 26 03
9 112 268.3 > 202 32 24 0.1
MEAN 127 281.8 - 216 30 25 02
SD. 0.10 342 - 17 17 2 0.1
" not tested.
1 >10 pg/mi.
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Table B.16-B.30. Original sample data, means and dard deviati for all the vol in
the study. Tables include all the cytokines d in culture sup and day that the
sample was taken. For the female volunteers "day” is expressed as day in the cycle the sample
was taken and for the males and post-menopausal women "day" is expressed as month and day
the sample was obtained. The cytokines included in the tables are IL-2, IL-, IFNy, IL-1ra and
IL-1B. For the cycling women cycle length and day of ovulation (O) are given directly below
the volunteer identification code.




Volunteer 21.04.70

Cycle 29 days (O=Day 17)

DAY FNy  IL-2 1 ] IL-1ra n-1p°
pg/ml  pg/ml pg/ml ng/ml pg/ml
nsT st ns s
2 ot 473 85 457 3843 m 11770
5 8689 559 87 293 2460 mt 9149
7 1262 67.4 10.5 316 2553 m 14010
13 2934 1137 3.7 231 4488 45 13610
14 5705 946 14.7 228 5056 8.1 14850
16 2572 858 77 356 3698 52 14480
19 2058 956 143 287 4908 39 16010
21 2875 448 107 304 3493 43 12300
23 2511 103.0 32 334 7426 82 15970
26 3958 946 ot at ot ot nt
28 367.1 619 75 747 3892 2544 9617
1 6768  94.1 30 ot ot ot nt
4 5007 1768 10.9 587 6099 257 at
6 565.5 1263 169 657 2703 508 15360
MEAN 5002  90.1 93 400 4218 406 13375
SD. 300.1 34.9 42 173 1486 817 2391

 non stimulated.

* stimulated

° Stimulated culture samples were diluted 1:20.

" not tested.
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Volunteer 01.04.75

Cycle 27 Days (O=Day 16)

DAY IFNy IL-2 L4 IL-Ira IL-18°
pg/ml pg/ml pg/ml ng/ml pg/ml
nst o ns s
3 48.6 403.5 46.6 at’ ot ot ot
5 160.6 205.8 4.0 284 49.16 <t 7868
9 195.1 2119 239 349 4436 < >
10 353.0 5184 205 276 4143 ot 8216
12 1733 1715 21 482 5005 1739 8444
15 66.7 624.0 234 334 4886 < ity
17 81.0 68.4 387 287 3437 2.1 7161
19 3444 488.0 275 255 4783 < 8476
22 153.9 386.5 284 360 4803 35 6840
24 3842 399.8 326 3.78 3748 105 7341
26 3474 368.5 66.5 339 3232 38 8765
2 202.5 507.0 49.7 236 3558 15 6458
4 4378 567.2 744 478 4080 403 8153
MEAN 2268 3785 337 338 4246 337 7713
SD. 1311 1688 214 0.79 6.42 633 763

T

non stimulated.

* stimulated

° Stimulated culture samples were diluted 1:10.

b

not tested.
<1 pg/ml.
> 10,000 pg/ml.
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Volunteer 06.09.72

Cycle 28 Days (O =Day 16)

DAY IFNy -2 L4 [L-1ra IL-1p"
pg/mi pg/ml pg/ml ng/ml pg/ml
ns? s s s
4 1482 2459 485 ot’ ot ot ot
8 186.2 5454 67.1 262 22.89 28 5545
11 3929 619.4 275 269 30.62 56 6131
14 161.1 3328 228 1.39 28.78 0.5 6494
16 2471 3113 330 237 37.61 1.0 8460
18 236.7 7272 219 3.86 5181 0.7 8294
21 299.3 693.2 ot 13.7 5745 4931 6234
23 3703 3289 294 3.66 3226 54 7733
25 4095 881.1 244 1266 63.54 118 = L
28 172.1 7109 233 6.11 4593 3608 8665
2 2836 768.1 303 866 4806 2477 >
4 2113 876.9 367 ot ot ot ot
MEAN 2599 586.8 332 577 4190 1236 7195
SD. 919 22838 136 444 1348 1814 1226

% non stimulated.
* stimulated

* Stimulated culture samples were diluted 1:10.

" not tested.
* > 10,000 pg/ml.
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Volunteer 22.09.75

Cycle 26 Days (O=Day 13)

DAY IFNy -2 L4 IHira IL-1p°
pg/ml pg/mi pg/ml ng /ml pg/ml
nst s ns s
7 ot ot 299 ot ot ot at
10 207.0 166.3 389 370 2692 55 >
12 119.1 2538 20.1 5.46 > 108 >
14 514 3532 54 6.26 5741 301 >
17 61.6 414.0 210 6.62 4626 46.1 >
19 139.2 4514 299 587 3247 149 >
21 176.9 173.4 43.1 715 3612 622 5744
24 199.8 766.7 49.0 428 2888 121 5783
26 276.5 5109 112 2362 3932 132 >
2 4.0 4871 386 1318 5974 403 >
5 803 5662 578 856 5733 519 >
MEAN 1356 4143 314 847 4272 866 5764
SD. 78.2 186.3 16.1 594 1291 1186 276
% non stimulated.
* stimulated
° Stimulated culture samples were diluted 1:10.
" not tested.
® > 10,000 pg/ml.
<> 300D
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Volunteer 29.08.71

Cycle 29 Days (O=Day 15)

DAY IFNy IL-2 L4 IL-1ra IL-1p°
pg/ml pg/mi pg/ml ng/ml pg/ml
nsT s ns s
7 126.4 673.4 40.1 1558 4116 170.0 15930
9 1283 670.6 40.2 682 3562 44.9 11210
11 341.1 7755 103.6 2173 4706 2746 15460
14 1319 7783 275 13.05 56.71 1496 16370
16 206.8 773.2 39.0 1734 3744 1777 16710
18 186.0 7473 61.5 1632 5023 227 >
21 173.5 1102.0 63.0 1.79 5737 287 >
23 1350 460.3 877 1700 7653 2908 >
25 2146 1021.0 61.1 1759 6122 224.1 16430
29 264.0 880.9 2458 1207 5922 1289 18400
8 1449 999.3 90.4 1841 4875 2602 18200
10 104.7 893.1 349 1485 67.92 61.1 >
MEAN 179.7 814.6 746 1521 5327 152.8 16089
SD. 68.6 177.1 59.2 3.86 1228 974 2223

% non stimulated.
* stimulated

° Stimulated culture samples were diluted 1:20

® > 20,000 pg/ml
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Volunteer 15.12.73
Cycle 29 Days(O=Day 14)

DAY IFNy IL-2 L4 IL-ira IL-1B"
pg/ml pg/ml pg/ml ng/mi pg/ml
ns’ st ns s
3 206.4 6753 269 at ot at ot
6 ot 6353 at 10.13 39.65 516 7578
3 4268 584.0 143 061 27.81 280 6576
10 1213.0 889.8 252 137 61.79 2121 6699
13 5128 11050 264 0.86 > 128 >*
15 4993 894.0 474 225 60.08 51.8 5648
17 5092 1109.0 36.1 1.28 19.91 163 >
20 587.7 1594.0 66.8 047 4529 9.8 8057
2 256.9 921.3 61.8 121 > 134 >
24 508.9 10350 384 177 39.82 1525 8851
28 4309 1240.0 857 143 3412 369.0 8133
29 3387 13480 48.1 ot at at ot
2 153.9 8343 418 1.37 45.60 63.5 >
6 124.1 652.3 35.5 1.68 41.42 67.9 7679
7 226.7 1091.0 477 nt ot at at
MEAN 4282 973.9 43.0 204 41.55 874 7403
SD. 272.0 285.7 18.8 2.60 12.92 108.0 1030

7 non stimulated.

* stimulated

! not tested.

* Stimulated culture samples were diluted 1:20.
® > 20,000 pg/ml.

¢ >300D.



Volunteer 09.10.64

Cycle 28 Days (O=Day 13)

DAY FNy -2 i IL-Ira IL-1p"
pg/ml pg/ml pg/ml ng/mi pg/ml
ns® s ns s
4 586.1 649.2 506.4 551 2469 196 3501
6 384.7 942.6 3270 10.08 55.21 16 4886
8 3628 280.7 2277 1003 2809 338 5867
11 3077 362.5 246.2 736 46.03 36.0 5547
13 1245 853 1230 ot nt ot ot
15 592.9 407.5 469.1 10.52 5982 649 >b
19 2994 196.2 2896 29.07 2853 >4 4221
20 5170 5184 3247 ot nt at ot
22 2477 2978 538 ot ot ot nt
26 201.6 1356 183.1 29.50 55.19 446.7 >
27 259.1 3752 2534 at nt nt ot
1 3303 4246 276.4 ot nt nt ot
5 3333 2242 253.1 nt ot ot ot
6 509.3 380.1 4498 ot nt at ot
MEAN 361.1 377.1 2846 1458 4251 1028 4804
SD. 1426 220.5 1272 1020 1503 1693 965

* non stimulated.
* stimulated
! not tested.

° Stimulated culture samples were diluted 1:10.

® > 20,000 pg/ml.
4 > 500 pg/ml
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Volunteer 22.11.75

Cycle 31. Days (O=Day 19)

DAY TFNy IL-2 L4 IL-1ra IL-1p
pg/ml pg/ml pg/ml ng/ml pg/ml
ns” s ns s
3 73.7 116.1 395 430 4127 208 >
s 555.3 2190 123 388 2939 210 16160
9 899 1595 1014 424 3014 406 9091
10 59.1 218 48.1 at’ at ot ot
12 101.8 282.1 415 ot 4859 ot >
16 13 1002 341 1251 4471 2868 14670
17 762 209.9 376 766 5286 831 16450
19 513 1496 383 ot at ot ot
23 62.5 152.7 413 573 4355 2547 12980
24 167.7 2429 62.9 982 5579 2827 15910
26 57.0 6526 923 ot at ot ot
29 709 4321 432 9.18  59.56 399 12730
31 70.1 1268 200 ot ot ot ot
2 103.4 1803 60.8 ot ot ot ot
s 1228 2706 496 at at at nt
MEAN 1115 2344 54.9 716 4510 1287 13999
S.D. 127.8 1426 267 3.15 1051 1228 2630
T non stimulated.
* stimulated
! not tested.

* Stimulated culture samples were diluted 1:20.

* > 20,000 pg/ml.
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Volunteer 30.04.65

Cycle 31 Days(O=Day 18)

DAY IFNy IL-2 L4 IL-1ra IL-1§°
pg/m! pg/ml pg/ml ng/ml pe/ml
nsT st ns s
6 3788 579.0 429 533 5057 403 6226
g 2333 4686 266 27.10 6057 6053 7132
12 187.8 747.6 739 747 3506 5012 6970
13 2107 675.4 56.0 1349 29.13 3974 8262
20 148.5 340.8 352 469 5026 84 6350
22 2419 6343 126.5 7.1 3498 635 7894
25 496.6 545.9 96.2 1063 5761 >4 2F
27 39.7 2443 156.5 ot' ot ot ot
29 1515 7233 1192 1643 5650 1464 4866
8 1539 578.0 858 ot ot ot ot
MEAN 2243 553.7 819 11.53 4684 2518 6814
SD. 129.1 162.5 43.0 749 1205 2446 1136

* non stimulated.
* stimulated
" not tested.

* Stimulated culture samples were diluted 1:10.

® > 10,000 pg/ml.
¢ > 1000 pg/ml.
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Volunteer 24.02.71

Male Control
DATE FNy L2 o4 [L-ira n-1p°
pg/ml pg/mi pg/ml ng/ml pg/ml
ns’ B ns s
M5 453.0 303.6 364 ot at ot ot
17 1221.0 262.1 455 1.67 ot < ot
19 ot’ ot at ot ot ot at
23 729.5 483.0 326 191 4125 02 <t
24 1669.0 668.7 444 227 3255 ot 5277
26 599.5 3802 67.7 105 2170 < 3724
29 1150.0 559.9 310 273 3173 < 6728
31 7242 4358 60.4 201 718 69 7294
J2 941.6 5314 308 290 4978 239 459
5 4986 5125 542 533 6118 174 6178
7 594 1748 314 263 4780 5.1 7048
9 1602.0 2521 332 303 5892 245 5017
MEAN 877.1 4149 425 255 4631 39.1 5733
SD 496.3 1532 13.1 115 1613 668 1276

% non stimulated.

* stimulated
'

not tested.

Stimulated culture samples were diluted 1:10.

* <1 pg/ml.
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Volunteer 06.11.71

Male Control
DATE IFNy oL-2 L4 IL-1ra IL-1p°
pg/ml  pg/m!  pg/ml ng/mk pg/ml
ns® B ns s
M1S5 154.1 3449 487 at’ at ot at
17 104.0 2128 303 ot ot ot at
19 199.8 490.3 56.2 313 41.96 27 11770
23 107.0 3213 211 532 578 30 16510
24 92.5 445.1 354 3.65 57.50 1.9 11220
26 207.9 4232 213 499 6476 36 14170
29 2023 715.6 1389 6.00 63.09 30 17720
31 3113 616.8 146.3 2353 6242 3845 17020
Jj2 1133 4713 548 231 45.66 11 15730
5 245.7 2138 139.8 4.44 > 97.4 g
7 296.7 509.2 1052 421 3199 1107 6608
9 471.7 8478 102.9 432 3237 1565 8032
MEAN 208.9 467.7 75.1 6.19 5084 764 13198
S.D. 111.1 190.4 48.5 6.18 13.10 1228 4023

* non stimulated.

* stimulated
" not tested.

* Stimulated culture samples were diluted 1:20.
® > 20,000 pg/ml.

©>300D.
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Volunteer 17.02.75

* Stimulated culture samples were diluted 1:20.

© > 20,000 pg/ml.
¢ <2 pg/ml

241

Male Control
DATE IFNy -2 170} IL-1ra IL-18°
pg/ml  pgml  pg/mi ng/ml pg/ml
ns’ s ns s
M24 68.0 633.1 78 ot' ot ot ot
26 16.9 1712 < 1.76 > 44 5173
J2 455 4119 173 L12 6271 25 5848
5 881 5884 180 204 5432 44 10250
7 630 5365 232 160 4307 34 10890
9 209.1 5765 151 159 > 4422 14500
14 837 6589 381 123 3454 54 11440
16 944 5189 204 218 5903 43 13980
19 1386 8074 269 187 6102 122 9363
MEAN 897 5448 209 242 5245 599 10181
S.D. 56.1 177.0 9.0 212 1126 1545 3374
* non stimulated.
* stimulated
" not tested.



Volunteer 16.05.74

Male Control
DATE IFNy IL-2 IL-4 IL-ira IL-18
pg/ml  pg/ml  pg/ml ng/ml pg/ml
ns™ s ns s
4 ot ot ot ot at ot ot
19 2113 3972 363 ot ot ot ot
21 2738 3762 748 9.12 4611 165 >*
24 4822 4139 955 905 6037 1452 ot
26 3800 8245 1952 ot at ot ot
28 7067 5336 1467 2157 3858 2647 6167
31 nt 201.1 586 nt 3235 m ot
Al 1016 6774 1323 ot ot nt ot
3 ot at at ot ot ot ot
MEAN 5117 4891 1056 1324 4435 1916 -
SD. 3025 2081 55.5 721 1206  64.1 -

* non stimulated.
* stimulated
! not tested.

“ Stimulated culture samples were diluted 1:10.

® > 10,000 pg/ml.
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Volunteer 19.02.36

PM Control
DATE IL2 IL4 IL-ira IL-1p°
pg/ml  pg/ml ng/ml pg/ml
nst s ns s
Mi1s 2756 66.4 at' ot ot ot
19 90.8 54 0.17 3248 26 7189
23 151.9 206 041 59.49 34 >
24 308.0 339 0.70 59.30 35 8587
26 2129 246 088 > 94 7778
29 2633 306 at ot ot nt
12 349.1 826 071 58.87 169 9281
14 2108 184 275 > >¢ >
16 2359 36.0 133 > 223 >
23 3936 59.2 at ot nt nt
27 346.6 1949 ot ot ot ot
28 1442 772 at ot nt
30 147.0 739 ot nt ot ot
MEAN 2407 557 099 5254 9.7 8208
SD. 92.5 488 086 1337 82 916
* non stimulated.
* stimulated
" not tested.

* Stimulated culture samples were diluted 1:20.
® > 20,000 pg/ml.

©>300DL
¢ > 500 pg/ml.
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Volunteer 17.10.38

PM Control
DATE IL-2 L4 IL-1ra IL-18°
pg/mi  pg/ml ng/ml pg/ml
nst s ms s
Mi15 415.1 1249 232 47.25 07 9879
17 485.1 560.4 321 ot 18 ot
19 4846 5933 274 5241 >4 10960
23 6174 1617.5 5.75 > > 13230
24 5238 6002 137 51.24 08 10530
26 499.5 6329 1.38 47.48 15 7955
29 1306.0 633.4 3.56 66.11 21 12510
31 762.5 13405 2.19 > 18 12440
J2 5517 988.0 329 > 26 12010
5 ot 1295 12.74 > 251 9665
i g 855.6 13440 9.34 > 174 12620
9 566.3 414.9 22.52 > 356 B
MEAN 6425 842.0 587 52.90 79.2 11180
SD. 255.1 453.9 6.27 7.73 1322 1673

? non stimulated.

stimulated
not tested.

° Stimulated culture samples were diluted 1:20.

d

> 20,000 pg/ml.
>3.00.D.
> 1000 pg/ml.
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Table B.31. Means and standard deviations for the phase of the cycle profiles for all the
cytokines d in culture sup

EF MF LF [ EL ML LL M EF
IL-2° pg/ml
n 7 8 9 8 8 9 8 8 s

mean 382 445 434 401 521 528 638 532 476
SD. 249 213 317 317 338 333 337 367 274

IL-4= pg/ml
n 6 8 8 7 8 8 7 7 5
mean 38 35 38 28 37 50 55 64 42
SD. 23 21 33 11 24 34 38 83 23
IFNY* pg/ml

n 7 8 9 8 8 9 8 8 5

mean 3726 3762 3642 2122 2301 2708 3098 2781 2634
S.D. 2724 3739 3432 1546 1468 137.1 1437 1194 1983

IL-1ra" ng/ml

n 5 8 9 8 8 9 7 7 3
mean 4.14 836 7.44 6.17 5.65 9.60 9.38 12.05 7.94
SD. 1.27 8.24 6.58 4.76 4.69 837 6.37 10.63 4.57

IL-1ra° ng/ml
n 5 8 9 8 8 9 7 7 3
mean 36.87 38.13 43.00 4863 43.03 50.62 4957 4478 53.84

S.D. 12.65 11.65 11.09 1053 999 14.68 13.83 9.38 1131
¥ volunteer 09.10.64 excluded.
. :

non d culture
© sti d culture
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Table B.31 continued.......

EF MF LF o} EL ML LL M EF

IL-1P° pg/ml
n 3 6 9 8 a a 7 7 3
mean 269 136.8 161.1 526 544 107.7 100.5 2122 1563
SD. 11.6 2322 159.1 55.5 89.2 1212 81.6 1429 213.7
IL-1B* pg/ml
n S 8 8 6 5 6 5 5 1
mean 8571 8752 9850 11289 10205 9664 10044 10485 8153
S.D. 4734 3346 4196 5059 3140 5023 4570 4486 -
IL-1 Ratio®
n 3 6 9 8 7 7 7 74 3
mean 0.541 0.874 3.12 110 1.04 1.32 1.82 3.74 1.45
SD. 0202 0.755 4.88 125 1.56 1.16 3.02 537 141
IL-1Ratio®
n 5 8 8 6 5 6 5 5 1
mean 2694 26.56 2243  26.11 23.01 18.29 19.73 2423 19.98
S.D. 1862 13.77 8.89 1159 8.24 5.89 6.76 442 -

® non lated culture

¢ stimulated culture

¢ Volunteer 22.09.75 excluded
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Table B.32. Means and standard deviations for the phase of the cycle profiles for all the
immune parameters measured in serum.

EF MF LF o EL ML LL M EF
IL-1ra pg/ml
n 6 8 9 8 8 9 8 8 4

mean 1427 1279 2556 3259 3299 3031 3289 3628 5075
S.D. 83.1 73.5 272.0 2975 2832 2841 2858 2308 3196

IL-1B pg/ml

n 4 5 8 6 5 5 5 7 2
mean  5.52 337 2.86 289 4.07 4.86 3.50 2.66 1.83
SD. 5.65 5.97 4.98 4.98 5.57 5.03 4.10 431 239

IL-1 Ratio*
n 3 5 7 6 5 5 5 7 2
mean  5.88 2.63 2.50 0909 166 1.58 2.56 0.81 0.88

SD. 6.15 4.17 4.03 1.20 1.69 0.98 246 1.01 1.23

C3 mg/ml

n 6 8 8 7 8 9 8 8 5
mean 1.08 1.05 1.01 0.95 1.02 1.09 1.07 1.04 1.09
S.D. 0.17 0.14 0.15 0.06 0.18 0.19 0.019 0.13 0.22

C'H50 UL®
n 3 6 4 S 3 6 5 8 4
mean 195 200 192 172 193 208 175 193 204

S.D. 99 33.6 9.9 273 67.5 46.5 31.6 324 61.0
¥ Volunteers 01.04.75 and 30.04.65 excluded.
® Volunteer 30.04.65 excluded.
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% Bound

10 30 100 300 1000 3000
Estradiol (pg/ml)

!—Run 1 —Run2 *~Run3 = Run4 |

Figure C.1. Standard curves from the Estradiol RIA run at four different times.
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Table C.1. Values for the same serum sample run or different RIA estrogen a:says with
the calculated coefficient of variation.

Assay Number Value pg/ml
1 247

2 26.7

3 214

4 215

Mean + S.D. 236 +26
C.v. 11.1%
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% Bound

o
0.2 0.5 2.0 5.0 100 25.0 50.0
Progesterone (ng/mi)

~Run1 —Run2 " Run3 = Run4

Figure C.2. Standard curves from the Progesterone RIA run at four different times.
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Table C.2 Values for the same serum sample run on different RIA progesterone assays
with the calculated coefficient of variation.

Assay Number Value ng/ml
1 03

2 03

3 03

4 0.6

Mean + S.D. 0375 £ 0.15
C.V. 40.0%
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2 s 20 50 200
Luteinizing Hormone (U/L)

{—Run 1 —Run2 —Run3 = Run 4

Figure C.3. Standard curves from the Luteinizing hormone RIA run at four different
times.
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Table C.3. Values for the same serum sample run on different RIA Luteinizing hormone
assays with the calculated coefficient of variation.

Assay Number Value U/L
1 0.08

2 0

3 0

Mean + S.D. -

C.v. -

Note: The values seen in the above table are not different from O thus the luteinizing
hormone concentration in the sample run was below the sensitivity of the assay and a
coefficient of variation is not available.
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% Bound (Thousands)
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Testosterone (ng/ml)

—Run 1 =~ Run 2 --Runal

Figure C.4. Standard curves from the Testosterone RIA run at three different times.
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Table C.4. Values for the same serum sample run on different testosterone RIA assays
with the calculated coefficient of variation.

Assay Number Value ng/ml
1 0.19

2 0.20

3 017

Mean + S.D. 0.187 £ 0.015
C.v. 8.0%
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Figure C.5. Standard curves from the IL-2 ELISA run at six different times.
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Table C.5. Values for the same culture supernatant sample run on different Interleukin 2
ELISA assays with the calculated coefficient of variation.

Assay Number Value pg/ml
1 1326

2 1322

3 1378

4 1245

5 1393

6 1359

7 1377

Mean + S.D. 1342 + 51
CV. 3.8%
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Figure C.6. Standard curves from the R&D Systems IL-4 ELISA run at three different
times.
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Figure C.7. Standard curves from the Biosource [L-4 ELISA run at five different times.
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Table C.6. Values for the same culture supernatant sample run on different Interleukin 4

ELISA assays with the calculated coeffi of

Assay Number Value pg/ml
1 1200

2 1187

3 1043

4 2998"

Mean + SD. 1143 + 87
CV. 7.6%

“This value was obtained from the Biosource kits and was not used in the calculation of
the coefficient of variation. The remaining four values were all above O.D. 3.0 and not
available.
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Figure C.8. Standard curves from the [FNy ELISA run at eight different times.
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Table C.7. Values for the same culture supemamnt sample run on different Interferon
gamma ELISA assays with the calcul; ient of variati

Assay Number Value pg/ml

1 556.7
2 5514
3 551.6
4 498.6
5 538.0
6 546.4
7 508.0
8 503.4
Mean + S. D. 531.8 +243
C.V. 4.6%
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Figure C.9. Standard curves from the IL-1ra ELISA run at ten different times to measure
IL-1ra in culture supernatants.
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Table C.8. Values for the same culture supernatant sample run on different Interleukin 1ra
ELISA assays with the calculated coefficient of variation.

Assay Number Value ng/ml
1 36.70

2 67.77

3 33.22

4 38.59

5 35.83

6 55.89

7 42.06

Mean + S.D. 44.29 +12.75
C.V. 28.79%
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Figure C.10. Standard curves from the IL-1ra ELISA run at five different times to

measure IL-1ra in serum.
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Table C.9. Values for the same serum sample run on different Interleukin lra ELISA
assays with the calculated coefficient of variation.

Assay Number Value pg/ml
1 256.7
2 1214
3 2283
4 216.0
5 159.9
Mean + S.D. 196.5 + 54.8
C.V. 27.9%
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Figure C.11. Standard curves from the IL-1f ELISA run at ten different times to measure
IL-1P in culture supernatants.
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Table C.10. Values for the same culture supemnatant sample run on different Interleukin
1B ELISA assays with the calculated coefficient of variation.

Assay Number Value pg/ml

1 6596

2 8180

3 8184

4 14570

5 13850

Mean + SD. 10276 + 3658.0
CV. 35.6%
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Figure C.12. Standard curves from the IL-18 ELISA run at five different times to
measure [L-1B in serum.
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Table C.11. Values for the same serum sample run on different Interleukin 18 ELISA
assays with the calculated coefficient of variation.

Assay Number Value pg/ml
1 0.1559

2 < 0.083

3 < 0.083

4 0.1721

5 < 0.083

6 < 0.083
Mean + S.D. -

C.V. -

Note: Many of the values for [L-1B were not measurable in serum as indicated in the
above table. Coefficient of variation was not calculated due to this.
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