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Chapter 1

General Introduction

The menopause which signals the end of the female reproductive life is 

associated with a gradual decline in health. This is most manifest in the 

increased risk of osteoporosis and of heart disease. The menopause is also a 

period of major social adjustment during which the woman experiences many 

psychological and psychosomatic symptoms, some of which have been linked 

to oestrogen deficiency. Many of the symptoms associated with the menopause 

respond to treatment by exogenous sex steroids, which are also effective in 

reducing the rate of the degenerative effects on the bone and blood vessels.

Taken together, the overall mortality rates are lower for women as compared 

to men with an obvious increase after the menopause, and this rising mortality 

rate has been interpreted to indicate an adverse health impact of the 

menopause per se (1).

1.1. Definitions

The following recommended definitions (2) will be used in this thesis:

- Menopause: is the permanent cessation of menstruation resulting from loss 

of ovarian follicular activity.
- Perim enopause (climacteric): is the period immediately prior to the 

menopause (when the endocrinological, biological and clinical features of 

approaching menopause commence), and the first year after menopause.

- M enopause transition: the period immediately prior to the menopause 

(when the endocrinological, biological and clinical features of approaching 

menopause commence) and till the final menstrual period (FMP).

- Premenopause: the whole reproductive life prior to the FMP.

- Postmenopause: commences after the FMP.

1.2. The biological significance of the menopause

The age at which natural menopuse occurs in women world-wide is between 

45-55 years, and a woman who reaches that age will have a life expectancy
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between 27-32 years (1,3). Women past the menopause are faced with the age 

concerns of the elderly. Three of these are of particular importance:

1- Age related metabolic changes (as atherosclerosis, osteoporosis and 

diabetes).

2- Cardiovascular and cerebrovascular disease.

3- Malignancies.

The chronological association between the increased incidence of these 

conditions and the cessation of ovarian activity, has stimulated interest in a 

possible causative link. Although reliable statistics relating to overall and 

cause specific mortality is only available from developed countries, evidence 

suggest that the same general patterns apply elsewhere. Statistics from the UK 

and USA (Figure 1.1. & 1.2.) demonstrate the gradual increase in mortality 

rates in association with age and the higher rate of increased mortality after 

the age of menopause (4). The overall life expectancy of females is longer 

than that of males (Figure 1.3. & 1.4.), which suggests a biological advantage 

for females (5). The rise in cause specific mortality in females after the 

menopause suggests that this biological advantage may be, at least in part, 

related to factors that are operational in the premenopausal state, the most 

prominent of which are the functioning ovaries and their main steroid product: 

cestradiol. However, it is notable that despite the loss of oestrogen at the 

menopause, women retain a lower mortality rate compared to men.

1.3. The Menopause and ageing in the female

Advancing age is associated with adverse changes in many physiological 

functions, increased morbidity and mortality, and reduced reproductive 

capacity in both men and women. But contrary to the case in males, 

reproductive capacity in females is completely lost at menopause. As age 

advances women experience more anovulatory cycles, reduced fecundity, and 

a higher incidence of spontaneous abortion and congenital anomalies in the 

offspring, both of which are attributed to chromosomal anomalies in oocytes. 

It was suggested that reproductive capacity is a biological marker of ageing 

(6), and this was supported by the study of mortality in Seventh-Day 

Adventists (7), which demonstrated a positive link between the age at natural 

menopause and life expectancy. It was hypothesised that the menopause being 

consequent to depletion of ovarian follicles, is an index of ovarian ageing
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which in turn is an index of an ageing body (7). In support of this, is the 

positive correlation between the duration of premenopause and longevity 

(Figure 1.5.) (8). This occurred despite the negative correlation between the 

age at menopause and the duration of postmenopausal life (8). Thus the 

relation between oestrogen deficiency and longevity is not unambiguously 

established.

1.4. The health risks in the postmenopause 

1.4.1 Metabolic changes

The most important metabolic changes at the time of the menopause and 

postmenopause, are the effects on the bone resulting in osteoporosis, and on 

the vasculature leading to the developm ent of atherosclerosis. Other 

degenerative conditions e.g. urogenital ageing will also manifest.

1.4.1.1. Osteoporosis

Is define as 'a disease characterised by low bone mass and microarchitectural 

deterioration of bone tissue, leading to enhanced bone fragility and a 

consequent increase in fracture risk' (9).

Bone mass reaches its peak in both sexes by the late teenage years (10), and 

this peak bone mass is equivalent in men and women after correction for body 

weight (11). After reaching this peak, bone loss commences in both sexes at 

an equivalent rate of 0.5-1% per year (12), till the first 5-10 years 

postmenopause when the rate of bone loss in women accelerates resulting in a 

loss of about 15% of the average bone density (12). The rate of bone loss 

subsequently reduces to parallel that in men, and continues albeit at a lower 

rate. The cause of the adverse effect on bone mass in postmenopausal women 

is subject for debate (13), but the majority attribute it to the loss of the 

protective effect of oestrogen (14).

1.4.1.2. Cardiovascular and Cerebrovascular disease

Data from industrial countries show that women of all ages, have a lower age 

specified cardiovascular and cerebrovascular mortality rates when compared 

to men. This apparent advantage diminishes with advancing ages to equal the 

rate in men by the age of 75 years. The increased rate of coronary heart
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disease in postmenopausal women with advancing age compared to the rate in 

premenopausal women, has been taken as an indicator of a protective effect of 

oestrogen (15). Bilateral oophorectomy has also been shown to increase the 

risk of coronary heart disease (16).

1.4.1.3. Urogenital ageing

The female reproductive and lower urinary tracts contain oestrogen receptors 

(17), and both tracts are known to undergo atrophy upon withdrawal of 

oestrogen (18). The vaginal mucosa becomes thinner (19), and exfoliative 

cytology of the vagina demonstrates a predominance of basal and parabasal 

cells. The uterus and the cervix involute to about half the size in the 

premenopausal women (20). These atrophic changes manifest clinically with 

symptoms of dyspareunia, and may be contributory to the increased 

complaints of urgency, dysuria, nocturia and urinary stress incontinence 

reported by 25-50% of postmenopausal women (21).

1.4.2. Malignant tumours

Age specifies cancer mortality rate is higher in women in the early and mid 

reproductive years than it is in men. As is the case in men, the overall cancer 

mortality rate increases with age, but because of the higher rate of rise in men, 

a reversal takes place around the age of the menopause, when older men 

experience a higher mortality rate than women. This male/female 

disadvantage continues to widen into old age as exemplified in the statistics 

from the UK and USA (Figure 1.6.) (4). The female disadvantage during 

reproductive life is largely accounted for by the high rates of breast and 

cervical cancer (Figure 1.7.) (4).

1.4.3. Symptoms associated with the peri- and postmenopause

The menopause is not a universal experience of uncomfortable symptoms. On 

the contrary, it is uneventful for the majority of women (22). For symptomatic 

women the menopause is said to be characterised by thermoregulatory 

disturbances which manifest as hot flushes and night sweats, and the 

association was confirmed in prospective European and North American 

studies (23, 24). These symptoms may be responsible for the increased 

frequency of insomnia. The incidence of hot flushes, however, varies widely 

from 0% in Mayan women, 14.7% in Japanese women, 54% in South East

4



England and 80% in Holland (22, 25, 26). It is, however, difficult to explain 

these racial differences based on endocrinology, as women with a low 

incidence of flushes, have a similar endocrine profile (high FSH, low oestrone 

and oestradiol) and experience similar bone demineralisation as those with a 

high incidence of flushes (25).

A range of other psychological and psychosomatic symptoms, as headaches, 

depression, mood swings, etc. have been related to the menopause but none of 

these associations is specific (22).

1.5. Hormone replacement therapy (HRT)

(Estrogen levels fall gradually in the years preceding the menopause, with a 

sharp drop after the FMP (27). (Estrogen administration, coined 'oestrogen 

replacement therapy' (ERT), or combined oestrogen and progestogen 

replacement therapy (HRT), is designed to increase oestrogen levels in 

postmenopausal women aiming to prevent or to treat clinical features 

associated with the menopause.

Two main aspects distinguish HRT from other therapeutics: firstly, HRT is 

directed to healthy women with the aim of compensating for the effects of a 

biological process represented by the cessation of ovarian activity. Second, 

HRT is targeted at the whole population of postmenopausal women and is 

projected as having ’public health’ objectives and thus commonly subjected to 

economic cost-benefit analyses (28, 29). This view of HRT assumes that the 

cessation of oestrogen production by the ovaries at the time of the menopause 

is a biological ’deficiency’ in that it, per se, predisposes postmenopausal 

women to health risks. This view also assumes that this ’biological deficiency’ 

can be compensated for by administering exogenous oestrogens in order to 

mimic the effect of ovarian oestrogen.

The use of the main ovarian endocrine product (oestrogen) has increased 

gradually over the past forty years. Initially used for treating menopausal 

symptoms and atrophic changes, the current indications include the treatment 

of menopausal symptoms as well as the prevention of osteoporosis (30, 31). 

There is also evidence that unopposed oestrogen therapy is protective against 

ischaemic heart disease and strokes (30, 32). It is estimated that 15% of 

women in Britain are currently using HRT (33). In the USA, where up to a
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third of an upper middle class community aged between 50-65 are currently 

using HRT (34), the figure is even higher. This major expansion has been 

largely based on epidemiological studies that demonstrated a beneficial effects 

of oestrogen on bone mineral density and cardiovascular risk markers.

Although all the beneficial effects o f  HRT are linked to the oestrogenic 

component, unopposed oestrogen is suitable only for women who had a 

hysterectomy. In women with an intact uterus, progestogens are added to 

replacement regimens in order to avoid the increased incidence of endometrial 

carcinoma which was noticed with the use of unopposed oestrogen regimens 

(35). The most commonly used regimens contain continuous oestrogen and 

cyclical progestogens based on a 28 day cycle, but cyclic regimens based on 

longer cycles (bimonthly, trimonthly or quarterly) have been introduced. 

Continuous combined regimens containing a daily dose of oestrogen and 

progestogen, have recently been used as an alternative for those women who 

wish to avoid withdrawal bleeding.

1.6. Benefits of HRT

1.6.1. Cardiovascular disease

Evidence from epidemiological studies on the use of oestrogen replacement 

therapy support the hypothesis that postmenopausal oestrogen use is protective 

against cardiovascular disease, possibly by a factor of 50% (30), and the 

beneficial effect remains after adjusting for known cardiac risk factors (15). 

Studies have also identified possible mechanisms for a beneficial effect. These 

include lowering low density lipoprotein cholesterol (LDL) levels, increasing 

high-density lipoprotein cholesterol (HDL) levels (36-38), and arteriolar 

smooth muscle relaxation resulting in improving blood flow (39-41), and 

possibly mediated the production of vasodilators (42). Other proposed 

mechanisms include a favourable effect on insulin resistance (43) and on 

homocysteine metabolism (44). The known adverse effects of progestogens 

on the lipid profile (36) and on arterial dilatation and blood flow (45), have 

raised many questions about the magnitude of any possible cardioprotective 

effects of combined therapy, although the balance seems to be favourable (15, 

30).

1.6.2. Osteoporosis
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A cause and effect relationship is said to be established between oestrogen 

deficiency and osteoporosis (46). In all published studies, oestrogen has been 

shown to prevent postmenopausal bone loss and to reduce the risk of fractures 

(47, 48). C19 progestogens, such as norethisterone, also spare bone, and this 

effect may be additive (49). The effect of adding C21 progestogens is less 

clear but not adverse (50).

1.6.3. Menopausal symptoms

Double blind studies have demonstrated that hot flushes are significantly 

improved by oestrogen treatment (1,51).

1.6.4. Urogenital Effects

(Estrogens are effective in reversing the atrophic changes in the urogenital 

tract which result from hormone deficiency (52).

1.7. Risks associated with the use of HRT

1.7.1. Side effects of treatment

Both oestrogenic and progestogenic side effects are noted with the use of 

HRT. Examples of the former include nausea, breast swelling and tenderness 

and increased vaginal discharge. Progestogenic side effects include bloating, 

weight gain, and symptoms of premenstrual tension (53).

1.7.2. Breast cancer

Long term use of HRT is associated with an increased risk of breast cancer, 

although estimates of the magnitude of this risk varied in different studies 

(54).

1.7.3. Thromboembolism

The risk of developing venous thromboembolic disease is increased by a 

factor of 2-4 in women who are current users of HRT (55-57).
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1.8. Monitoring HRT

Little is known about the factors that any affect the efficacy of HRT. The 

paucity of knowledge may be partly attributable to the absence of an overall 

objective measurement of such efficacy, and the general assumption that 

oestrogen intake above the calculated minimum dose (2mg of oestradiol or 
0.625mg conjugated equine oestrogen orally; or 50fig transdermally daily; or 

50mg by implant every 6 months), is effective for bone protection in all 

women. Bone protection can be monitored over time by repeated bone 

densitometric measurements, but based on the assumption of uniformity of 

response above the minimum dose, monitoring is not routinely advised (58). 

However, this assumption may be inaccurate, as there is evidence that about

2-5% and 12-15% of women will continue to lose bone density from the spine 

and the proximal femur respectively, despite receiving doses of oestrogen that 

are thought to be effective bone conservers (52, 59)

Cardioprotection is even more problematic, as the changes induced by HRT in 

the levels of recognised cardiovascular risk markers vary widely. 

Furthermore, there is disagreement on the relative importance of each of these 

markers. The assessment of the relative efficacy of different regimens and of 

the same regimen on different individuals is therefore difficult (60), and the 

minimum dose of HRT required for cardiovascular protection remains 

unknown (61).

The choice of therapy has, so far, relied on dose adjustment in response to 

reported symptoms and/or side effects of a 'standard' oestrogen dose. But there 

is no data to show a correlation between serum oestrogen concentration and 

symptom control, or between serum oestrogen levels and bone response (58, 

61). Furthermore the range of plasma oestradiol levels achieved with any dose 

of oestrogen may vary considerably between women (62). The lack of 

correla tion between serum levels and clinical response, and the 

aforementioned assumption of uniformity of biological response are taken as 

evidence against the use of hormone levels as a guide (63), and in favour of 

symptom guided therapy. This method is not helpful in asymptomatic women, 

and may be misleading. It can be hypothesised that cardiovascular and bone 

protection may be - similar to symptomatic response - variable between 

individuals. As these three responses have not been found to correlate, 

symptomatic response cannot be taken as an index for adequate



cardiovascular or bone protection, this is particularly so if one takes into 

account the high response rate of symptoms to placebo (64).

One may reason that factors known to affect the efficacy of oral 

contraceptives may similarly influence HRT. These include drugs that affect 

liver function or decrease the ability of the body to absorb hormones as 

rifampin, phenytoin, carbamazepine, ampicillin or tetracycline or those that 

increases the level of oestrogen as vitamin C. Also, gastrointestinal factors as 

diarrhoea and vomiting or conditions like coeliac disease may affect intestinal 

absorption. Skin reaction may affect the absorption of transdermal 

preparations. But as most of these factors are short term or transient, they may 

not be significant in relation to the desired long term effects of HRT.

1.9. Factors affecting the acceptability of combined HRT

The effect of HRT on cardioprotection and preservation of bone mass can 

only be achieved after long term therapy, which is hindered by the low 

continuation rate (65). Factors that affect continuation of therapy include 

motivation, the presence and severity of symptoms of the menopause or of 

side effects.

1.9.1. Systemic factors

Many of the well recognised side effects of oestrogen and progestogen therapy 

are dose related, and some are regarded as 'physiological' effects of these 

hormones. GEstrogen related side effects include nausea, vomiting, cholestatic 

jaundice, bloatedness, fluid retention resulting in oedema, weight gain, breast 

tenderness, abdominal and leg pain, headache, migraine, depression, and 

dizziness. Progestogen related side effects include oedema and weight gain, 

skin pigmentation, chloasma, pruritus, premenstrual-like symptoms, change in 

libido and appetite, fatigue, loss of scalp hair, asthma, seizures, migraine, 

headache and depression (66). Of these, the most commonly reported causes 

for discontinuing therapy are breast tenderness, fluid retention, nausea and 

headache (67).

1.9.2. Local target factors
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The addition of progestogens in hormone replacement regimens introduces 

monthly bleeding which many women regard as inconvenient. Withdrawal 

bleeding and irregular bleeding are the most common causes for non

continuance with therapy (65, 67, 68).

1.10. HRT and endometrial bleeding

The organ that exhibits the most obvious changes in response to oestrogen and 

progestogen is the endometrium.

1.10.1. The endometrium as a site of action of HRT

The first histological description of the cyclic changes in the endometrium, 

now recognised to reflect ovarian steroid action, was made by Hitchmann and 

Adler in 1908 (69). The histological changes which occur during the 

menstrual cycle are more pronounced than those occurring at any other site in 

the body, and have enabled the classification of the normal endometrium 

according to the duration of exposure to these steroids: endometrial dating 

(70). The endometrium also responds to administered hormones, e.g. the oral 

contraceptive pills (OCP), although the histological feature differ from those 

of the physiological cycle (69). Under the influence of oestrogen, the 

endometrium exhibits proliferative changes, and oestrogen primed 

endometrium reflects the influence of progestogen as secretory changes (71). 

It is also recognised that endometrial morphology reflects the relative potency 

o f oestrogen and progestogen in combined preparations (72). Endometrial 

histological changes were suggested as a means for recommending preferable 

combinations of OCPs with improved 'hormonal balance' (73).

1.10.2 Endometrial bleeding as a physiological indicator of 
HRT action

Although formal evidence of a causal link is lacking, and no mechanism has 

been established at the molecular level, clinical evidence have linked 

unopposed oestrogen replacement therapy with an increased risk of 

endometrial hyperplasia and cancer (74-77). To guard against these 

developments, the current practice is to add a minimum of 10 days of 

progesterone to every 28 day treatment cycle (78), and the present evidence
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suggested that this is effective in preventing both hyperplasia and carcinoma 

(77).

The addition of a cyclical progestin introduces a monthly bleed which 

simulates the menstrual cycle. This has been the focus of some studies, but 

only in relation to endometrial protection against cancer, and little research 

has been directed to the characteristics of this monthly bleed or to the factors 

that might influence it. Research into bleeding patterns was conducted with 

the objective of avoiding the need for endometrial biopsy. One study linked 

the bleeding pattern to the dose of hormones in HRT(79), and reported that 

the onset of bleeding on or beyond day 11 of the progestogen addition is an 

index of adequate progestogen dosage, and that the onset of bleeding on or 

before day 10 is an index of inadequate progestogen, but this was not 

confirmed (80).

This contrasts to the natural cycle where the relation between the ovarian and 

the endometrial cycle is well established. It is recognised that disturbance of 

the ovarian cycle will be reflected by abnormalities of menstruation and that 

endometrial histology reflects these disturbances e.g. anovulation, luteal phase 

defect, or persistent corpus luteum (81). Thus both endometrial biopsies and 

the bleeding patterns can be used for the evaluation of the endometrial and 

ovarian cycles, not only in relation to carcinoma but also for the diagnosis of 

functional disorders.

1.11. The histology of the endometrium

1.11.1. The menstrual cycle

The endometrium responds to ovarian hormones produced at puberty by 

proliferation and increase in thickness. The initial few cycles after menarche 

are often anovulatory, but the endometrium responds to progesterone as soon 

as ovulation is established. Subsequently the menstrual cycle follows the 

ovarian cycle. While adequate reproductive function is compatible with a 

range of physiological changes, the sequential endometrial morphological 

patterns are remarkably consistent (82). This consistency allows endometrial 

dating with a high degree of accuracy (70). The menstrual cycle can be 

divided into three phases; the proliferative, the secretory and the menstrual 

phase.
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1.11.1.1. The proliferative phase

The wide variability in the duration of this phase (range= 10-20 days, 

average=14 days) renders determining the exact day of the cycle impossible 

(69). For descriptive purposes, the proliferative phase is commonly divided 

into three stages; early (day 4-7), mid (day 8-10) and late (day 11-14) 

(considering the first day of bleeding as day 1). All stages are characterised by 

oestrogen induced proliferation reaching the maximum at day 8-10. In the 

early proliferative phase, the glands are narrow and tubular but gradually 

become more tortuous and distended in the late proliferative phase. The 

glandular epithelium proliferates and may appear pseudostratified and the 

whole endometrium increases in thickness from 1 to 10 millimetres. Surface 

and glandular epithelial cells become tall columnar and have sharply defined 

upper borders and sparse, short, and blunt microvilli.

During the proliferative phase, the stromal cells have little cytoplasm, and 

characteristic stromal oedema appears in the mid-proliferative phase in the 

functionalis layer (82).

- The early proliferative phase (day 4-7). At the beginning of this phase the 

thin basalis is fully epithelialised. The glands are sparse, narrow, and straight. 

The stroma is formed by loose spindle cells with dense chromatin and scanty 

cytoplasm. The superficial epithelium remains flat and the glandular 

epithelium is low columnar, with small oval nuclei and dense chromatin and 

no apparent nucleoli.

- The midproliferative phase (day 8-10). The endometrium increases in 

thickness due to proliferation and stromal oedema. The glands become 

tortuous and their lining epithelium becomes tall columnar with large oval 

nuclei, dense chromatin and apparent nucleoli. The stromal cells remain 

unchanged, spindle shaped with scanty cytoplasm. Interstitial oedema 

separates the stromal cells, which remain attached to a reticulum network. 

Mitosis is abundant in both glandular and stromal cells.

- The late proliferative phase (day 11-14). During this phase, stromal 

oedema regresses and this increases glandular tortuousity. Glandular 

epithelium continues to proliferate and forms into a pseudostratified layer. 

The nuclei enlarge but remain fusiform with multiple nucleoli, and the
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cytoplasm becomes abundant. The epithelial cells acquire few basal glycogen 

granules at the end of this stage. With the regression of stromal oedema, the 

stromal cells appear compact, enlarge and acquire prominent nucleoli.

1.11.1.2. The secretory phase

This phase has a constant length (14+1 days), determined by the life span of 

the corpus luteum (83, 84), and is characterised by the accumulation of 

glycogen and glycoproteins in epithelial cells. Early signs of secretory activity 

begin in the late proliferative phase shortly before ovulation and may be 

triggered by progesterone derived from the adrenal cortex or from non

dominant follicles. Basal secretory granules increase in size after ovulation 

and displace the nuclei upwards. This being most pronounced at 3-4 days after 

ovulation. Subsequently secretory granules become displaced towards the 

lumen and the nuclei return to a basal position. Luminal secretions appear 

from the fifth or sixth postovulatory day, and apocrine secretions accumulate 

at the luminal borders which by the seventh postovulatory day, appear 

bosselated. Mitotic activity is inversely related to cellular differentiation and 

later becomes undetectable. There is little change in the stromal appearance 

during this phase.

The glands in the functionalis begin to involute with the demise of the corpus 

luteum. The luminal secretions inspissate or disappear and the distended 

glands collapse to produce the characteristic saw-toothed appearance. The 

epithelium degenerates and the luminal borders of the cells appear ragged. 

Apoptosis can be detected in the premenstrual or menstrual phases.

This involution contrasts with the progressive changes which continue in the 

stroma and the blood vessels. At about nine or ten days after ovulation, the 

spiral arteries and arterioles become more prominent, and areas of 

decidualization surround the blood vessels by day 11-12. The nuclei of 

stromal cells become larger and vesicular and the cells accumulate glycogen. 

Stromal oedema increases in the deep functionalis. Subluminal decidualization 

increases progressively in depth from day 12 postovulation to form a 

coalescent layer.

1.11.1.3. The menstrual phase
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The glands in the functionalis show advanced degeneration by the time of 

menstruation. Break up commences in the decidualized compacta and stromal 

cells clump together and become more basophilic. The functionalis 

disintegrates and has lakes of proteinaceous fluid and focal haemorrhages. 

The first day of bleeding is characterised by haemorrhage in the superficial 

stroma and by the second day, only remnants of glands and scattered stromal 

cells remain amid fresh blood and polymorphonuclear leukocytes. A 

regenerative phase follows and lasts for 2-3 days, by the end of which the 

whole surface is reepithelialised. This occurs by both migration and 

proliferation of glandular epithelium from the remaining glandular stumps and 

from the tubal recesses and the isthmus.

1.11.2. Dating of the endometrium during the secretory phase

As mentioned previously, the predictability of endometrial changes under the 

influence of progesterone during the secretory phase of the natural cycle, 

allows accurate identification of date of the cycle (70).

1.11.3. Changes in the leukocyte population

Leukocytes are present within the endometrial stroma and between epithelial 

cells. The leukocyte cell population are under the influence of steroids, and 

form between 10-15% of stromal cells, rising to 20-25% premenstrually (85).

1.11.4. Effect on vasculature

In the uterus, arcuate arteries give off radial arteries that continue into the 

endometrium after giving off the basal artery which supplies the basalis. This 

basal artery does not respond to hormonal stimuli, whilst changes have been 

noted in the spiral artery and in the precapillaries (86). Changes in vasculature 

may have a pivotal role in menstruation, and it has been hypothesised that 

intense vasoconstriction of the spiral arterioles prior to menstruation results in 

ischaemic necrosis, which leads to tissue shedding once blood flow resumes 

(87).

Under the influence of steroid hormones, passing from the early proliferative 

into the late secretory phase, the arterioles increase in length by about five 

fold, with a noticeable increase in coiling (88).
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Microvascular density does not vary with the stage of the normal cycle (89- 

92), but is increased with continuous progestogen therapy (90). There is also 

evidence that oestrogen antagonises the effect of progestogen and restores to 

normal the endometrial vascular density (90).

Vasculature has also been linked to bleeding on steroids. Abnormal 

proliferation of endothelial cells (93), dilatation and thrombosis of venules 

(94), inadequate development of spiral arteries (69), and an increase in 

plasmolemmal vesicles (95), have all been reported in endometrial tissue 

under the influence of OCP, and were thought to account for the increased 

incidence of irregular bleeding.

1.11.5. Ultrastructural changes

During the proliferative phase, the endometrium exhibits the ultrastructural 

evidence of the increased protein synthesis which accompany cellular 

proliferation, e.g. increase in free and bound ribosomes, mitochondria, Golgi 

and primary Ivsosomes both in the glands and the stroma.

Studies using endometrial biopsies dated from the LH surge have shown that 

the structural changes in the glandular epithelium during the first 6 days of the 

secretory phase are precisely regulated with small interindividual variation 

(Table 1.8.) (96-98).

In the luteal phase, ribosomes increase in number and the rough endoplasmic 

reticulum develops. The nuclear (nucleolar) channel system (NCS) which may 

be produced by infolding of the nuclear membrane is characteristic of the 

postovulatory uterine epithelium in the human, and is detected as seven sets of 

three-branched tubules connected to the nuclear membrane. This system is 

detected between days 18-25 of the cycle, and is maximally developed 
between days 19-21 (99). The NCS is ovulation related and is absent in users 

of progesterone IUDs or the Minipill. The NCS is found in the endometrium 

after oestrogen and progesterone treatment in IVF cycles, where the 

ultrastructure of the endometrium has been shown to be a sensitive indicator 

of the oestrogen/progesterone balance (100) and of infertility (101).

The development of the NCS system is not a prerequisite for secretory 

activity, and is a function of the type of progesterone used and of the 

adequacy of the initial oestrogenic priming. Progesterone, chlormadinone, and



medroxyprogesterone acetate, but not 19-nortestosterone derivatives, could 

produce this NCS (99), although 19-nortestosterone derivatives do induce 

giant mitochondria and the glycogen deposits (102).

1.11.6. The endometrium in the postmenopause

The endometrium, deprived of cyclical oestrogen and progesterone, involutes 

acquiring the histological features of either cystic or simple atrophy, or of 

inactive endometrium. The mucosa becomes thinner (0.4mm) and the gland 

diameters narrower (0.1mm). Many endometrial biopsies taken after the 

menopause have cystically dilated glands lined by inactive and flattened 

epithelium. These are surrounded by stroma made of spindle cells in a 

myxomatous ground substance. This histological form, is more commonly 

localised to form a polyp, and less commonly diffuse. The diffuse form may 

develop directly from premenopausal proliferative endometrium, especially if 

the last cycles were anovulatory (69), or as a consequence of ageing in a 

previously simple atrophic pattern (103). It is possible that with advancing age 

more glands become cystic and filled with proteinaceous material, and that the 

stroma becomes less cellular (82). Evidence suggest that both patterns may 

develop independently (104).

The inactive endometrium is thin and is made of sparse, small glands, set in a 

dense stroma with spindle shaped cells. These glands resemble those of the 

proliferative phase but are devoid of mitoses, and the supportive stroma is 

more compact (105). The surface epithelium is cuboidal or flattened. Mitosis 

are only occasionally seen in the glands and the stroma, and this continues for 

several years till the endometrium becomes atrophic (82). The dividing line 

between the inactive and the atrophic endometrium is, however, somewhat 

vague. Simple atrophic pattern proceeds progressively and may take several 

years (103). Here, the glands are sparse and narrow and are lined by low 

epithelium with inactive nuclei, and the stroma is dense and fibrous with no 

spiral arterioles.

1.12. Histological endometrial changes linked to steroid action

The endometrial histological changes (1.11.) develop in response to the cyclic 

hormones produced by the ovaries. The normal menstrual cycle can thus be 
described with reference to either the ovarian or the uterine cycle depending 

on the organ under investigation. The ovarian cycle has two phases: the
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follicular phase during which follicles are recruited and subsequently develop 

with one single follicle reaching maturation and releasing its ovum before the 

rest. Follicle rupture at ovulation heralds the beginning of the luteal phase 

which commences from the time of ovulation till the onset of menstruation.

1.12.1. Hormonal changes during the normal ovarian cycle

Levels of ovarian steroids are low at the beginning of the follicular phase 

subsequent to the demise of the corpus luteum. The low level of ovarian 

steroids releases the negative feedback effect that oestrogen exerts on the 

pituitary. Consequently, the level of follicle stimulating hormone (FSH) starts 

to rise. The rising FSH level, recruits the next wave of ovarian follicles into 

growth, and these secrete increasing levels of oestrogens (mainly oestradiol). 

The rising levels of oestrogens exert a negative feedback on the pituitary FSH 

secretion, and inhibit further recruitment. The rising levels of oestrogens also 

exert a positive feedback effect on another pituitary hormone: luteinizing 

hormone (LH). The increasing LH release reaches a critical point when a 

sharp LH surge is triggered. This LH surge is, in turn, the trigger for ovulation 

which takes place 24-36 hours later. At ovulation the dominant follicle 

ruptures releasing the ovum. Subsequently, the follicle undergoes a process of 

luteinization and starts to secrete progesterone. Progesterone secretion 

increases gradually till the mid-luteal phase and reaches a plateau before it 

drops rapidly with the demise of the corpus luteum. (Estrogen levels reach a 

peak prior to ovulation, and drop in the few days following ovulation, and 

start to rise again to reach a second peak in the mid-luteal phase, they 

subsequently decline with the demise of the corpus luteum. The demise of the 

corpus luteum in the mid-luteal phase results in a drop in the levels of 

oestrogen and progesterone, this drop continues into the early follicular phase 

of the following cycle, when the levels of oestrogen start to rise (106).

1.12.2. Effect of hormones on the endometrium

1.12.2.1. The endometrium without hormones

There are two physiological conditions where the endometrium is not under 

the effect of ovarian steroids: before puberty, and after the FMP. Before 

puberty, the endometrium is at most 0.4mm thick, and contains short sparse 

glands embedded in a delicate stroma of spindle cells, and the glandular and 

surface epithelium is thin. The histological appearance of the postmenopausal



endometrium has been describe previously (1.11.6), During both these stages, 

the endometrium is dormant and shows no cyclic changes, but remains able to 
respond to administered hormones.

1.12.2.2. Effect of cestrogen

Various ovarian steroids as well as other chemical compounds have 

oestrogenic potency. The ovarian hormone with highest affinity to oestrogen 

receptor being oestradiol. Synthetic derivatives of oestradiol and other source 

oestrogens as the equine oestrogen premarin; are also suitable for oral 

administration, and are, therefore, used in therapeutics.

The endometrium responds to ovarian oestrogens produced by the developing 

follicles by proliferation of both the glandular and the stromal elements. The 

histological features have been discussed previously (1.11.1.), This follicular 

phase continues till the effect of oestrogen is antagonised by progesterone. If 

ovulation does not occur and the endometrium remains under unopposed 

oestrogenic stimulation, it grows in thickness, and may develop the 

histological features of hyperplasia. Over a prolonged period of time, this may 

develop into endometrial adenocarcinoma (35, 107). Cessation of unopposed 

oestrogen leads to an oestrogen withdrawal bleed after a period of 

amenorrhoea. The mechanism(s) responsible for this are not clearly 

understood, but are thought to be different from those operating in the normal 

menstrual cycle. It has been postulated that prolonged unopposed oestrogen 

stimulation leads to the development of abnormal vasculature and abnormal 

ground substance and that withdrawal of oestrogen results in vascular stasis, 

thrombosis and necrosis. It is assumed that it is this process of necrosis that is 

responsible for the irregular and often heavy bleeding that accompanies 

anovulation (81). Administering oestrogen during the secretory phase results 

in the development of stromal oedema and delayed secretory transformation of 

the glands and the stroma (108).

1.12.2.3. Effect of progesterone and progestogens

The effect of progestogens depends on many factors including the exact type 

of progestogen, its dosage, the duration of treatment, and on prior exposure to 
oestrogen. Progestogens belong to one of two groups: 1 7 a -

hydroxyprogesterone or 19-nortestosterone derivatives. The former have less 

androgenic effects than the later. The potency of different progestogens,
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which varies between compounds, is measured by their ability to induce basal 

glycogen granules in proliferative endometrium (the transformation dose), or 

by their ability to delay the onset of menstruation (delay of menstruation test). 

The former test is believed to be more accurate than the latter, which may be 

attributed to the finding that neither oestrogen nor androgen produce or alter 

the effect of progestogens on inducing endometrial glycogen granules (109).

Generally, progestogens inhibit growth, induce secretory changes in the 

glandular epithelium, induce stromal decidualization, and increase leukocyte 

infiltration. Continuous progestogen stimulation induces glandular atrophy 

and focal stromal necrosis. Progestogens also induce an increase in the total 

number and the proportion of the different types of leukocytes in the 

endometrium. Derivatives of 19-nortestosterone have an enhanced effect on 

the stroma, thus producing more profound decidualization and subsequently 
more extreme atrophy than 17a-hydroxyprogesterone derivatives (69).

The effect of exogenously administered progestogen (alone) in oral 

contraception (minipill) on the endometrium, will be influenced by the effect 

of the pill on inhibiting ovulation. This aspects of pill use, is absent in 

postmenopausal women whose ovaries have ceased to ovulate. But, in 

general, the endometrium under the influence of the mini-pill may exhibit one 

of four main patterns: a histological appearance corresponding to the day of 

the cycle, a pattern with irregular secretion, a predecidual reaction with 

atrophic glands, or a pattern of complete atrophy with stromal fibrosis and 

inactive glands (110).

The administration of progesterone alone during the proliferative phase results 

in the appearance of secretory changes and inhibition of mitoses. Stopping 

treatment induces withdrawal bleeding, whilst continuing treatment with a 

low dose progesterone results in breakthrough bleeding. If treatment is 

continued in a somewhat larger dose, the endometrium exhibits reduction in 

the glandular epithelium, gland diameter and gland density, but features of the 

late secretory phase do not develop. The glandular epithelium appears 

pseudostratified (111, 112). With prolongation of treatment, focal stromal 

oedema and predecidualization appears. This treatment also affects 

endometrial vessels causing a reduction in the number of arteries and an 

increase in the number of veins and dilated venules in the functionalis (88).
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If treatment is continued in higher doses, the secretory changes are abolished 

and the endometrium enters a stage of arrested proliferation. This progresses 

to atrophy of the glands and stromal decidualization. Continued therapy 

results in a state of total stromal atrophy (69).

The effect of progestogens on the endometrium is dependent on local 

bioavailability rather than on serum steroid levels (113). There does not 

appear to be any simple relationship between the plasma hormone levels and 

morphometric indices, but it has been shown that endometrial glands are a 

sensitive indicator for gauging the effect of steroids which is dependent on 

both the dose and the duration of therapy (112).

1.12.2.4. The effect of combined hormones

The development of secretory endometrial changes is dependent not only on 

the adequacy of the progestogenic challenge, but also on adequate oestrogenic 

priming. One theory is that there is a certain threshold of development before 

the endometrium can respond to progesterone (96). For a certain level of 

endometrial development there seems to be a level above which further 

progestogenic stimulation cannot lead to enhanced secretory changes (100, 

114).

It has been demonstrated since 1933, that menstrual like bleeding can be 

induced in amenorrhoeic women by the administration of exogenous gonadal 

steroids (115). Good and Moyer, using the M acaca mulatta  model, 

demonstrated that simulating the normal menstrual cycle is dependent on an 

optimal dose of oestrogen and progesterone (72). Alterations in the 

administered dosage result in (Figure 1.9.) (72):

1- A suboptimal dose of oestrogen and a suboptimal dose of progestogen 

results in glandular and stromal underdevelopment.

2- A suboptimal dose of oestrogen and a high dose of progestogen results in 

underdeveloped glands and a predecidualized stroma.

3- A high dose of oestrogen with a suboptimal dose of progestogen results in 

excessive glandular proliferation, dilatation and pseudostratification of the 

epithelium while the stroma remains underdeveloped.

4- A high dose of oestrogen and of progestogen result in involution of the 

glands and stromal predecidualization.
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5- Shortening or prolongation of the length of the proliferative phase had no 

influence on endometrial histology in biopsies taken during the luteal phase.

6- The absolute amount is more important for an optimum response than the 

ratio between the two hormones.

The need for an optimal oestrogen/progestogen balance demonstrated in this 

study confirms the findings of the earlier, more limited observational study on 

oophorectomised women (116).

1.12.2.5. Modulation of leukocytic infiltration by steroids

There is evidence that sex steroids affect the function and number of 

endometrial lymphoid cells. The mechanisms underlying this effect are not 

completely understood, but it may be mediated through oestrogen receptor 

(ER) which has been localised on endometrial lymphoid cells (117). ER+ cells 

are mainly localised in lymphoid aggregates and are rare amongst the 

scattered cells in the stroma or amongst the intraepithelial lymphocytes. T 

cells are believed to be the primary target cells for oestrogen action (117), but 

a role for oestrogen in regulating the number of macrophages has also been 

demonstrated (118).

T lymphocytes in lymphoid aggregates express oestrogen receptor (117) and it 

has been shown that oestrogen administration leads to an increase in the 

number of both macrophages and T lymphocytes of the helper/inducer 

phenotype in the rat (119). A role of progesterone in the regulation of T 

lymphocyte population cannot be excluded, for although progesterone 

receptors (PR) were not detected in lymphoid cells in the human endometrium 

(117), PR is expressed on peripheral blood lymphocytes (120).

1.12.3. Effect of endogenous and exogenous hormones

The hormonal changes of the normal menstrual cycle and the cyclical 

endometrial changes have been described previously ( 1. 12., 1. 11.). 

Menstruation usually coincides with the fall of oestrogen and progesterone 

consequent to the demise of the corpus luteum, although it can occur without 

very low hormone levels (71).

1.12.3.1. Contraceptive steroids and the endometrium
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The most commonly prescribed OCP are combination pills containing a daily 

dose of an oestrogenic and a progestogenic compound for 21 days, although 

some of the older preparations contained sequential hormones. A 'withdrawal' 

bleeding attributable to withdrawal of combined oestrogen and progestogen, 

occurs during the seven days 'treatment free’ period. The bleeding is, however, 

clinically remarkably similar to that occurring in the natural cycle. The 

distinction that is to be made between the OCP and HRT is that the OCP is 

neither designed or required to mimic the physiological state on the 

endometrium. On the contrary it is intended to prevent a physiological state: 

pregnancy. OCP achieve this through various mechanisms including the 

development of endometrium hostile to the embryo (121), and which differs 

morphologically (69, 73) and biochem ically  (71) from the normal 

endometrium.

Histological differences have been described according to the type of 

progestogen used (122). Combination preparations shorten the proliferative 

phase, resulting in the premature appearance of secretory changes. The glands 

remain underdeveloped and uncoiled. The glands and the stroma appear 

dysynchronous in the same field and from area to area. Glands vary from the 

atrophic to the cystically dilated, the lining epithelium spans the range from 

the low cuboidal to the tall columnar. Glycogen granules are irregular in size 

and distribution, with very few if any luminal secretions. Intracellular 

organelles are poorly developed. There is patchy stromal oedema, premature 

decidualization and dense leukocytic infiltration. The spiral arteries are poorly 

developed, but there develops a network of small or dilated capillaries in the 

subepithelial layer, and areas of focal necrosis appear in the stroma. During 

bleeding, the endometrium does not shed normally or may not shed at all. 

Accurate dating is impossible. Basal vacuoles usually appear on the 7th to 8th 

day of the cycle and reaches maximum by the 13-15th day. Focal 

decidualization begins on the 20th day. Prolonged treatment may result in the 

glands disappearing, or be lined by flattened endothelial like cells. If the 

oestrogenic influence predominates this may lead to the development of 

hyperplasia, but a predominant progestogenic influence leads to the 

dominance of stromal predecidualization (73).

Sequential oral contraceptive pills, result in prolongation of the proliferative 

phase. The secretory changes are more uniform but underdeveloped (123), the 

endom etrium  remains thin despite stromal oedema. There is no 

predecidualization and only rare endometrial granulated lymphocytes (73),
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except in regimens with a long (10 days) progestin phase (124). Prolonged 

treatment with sequential agents may lead to hyperplasia but rarely to atrophy. 

Differences were also noted in the activity of alkaline and acid phosphatase, 

succinic and lactic dehydrogenase and carbonic anhydrase when compared to 

the normal endometrium (71, 125).

1.12.3.2. Assisted conception in the pre-menopausal endometrium

In Vitro Fertilisation and Embryo Transfer (IVF-ET) using the patient's own 

ova has highlighted the importance of implantation failure (126). The higher 

success rate achieved in programmes using donor oocytes, was attributable to 

either better oocyte quality or to improved uterine receptivity (127, 128). But 

shared oocyte programmes provided further evidence for the significance of 

uterine receptivity (128, 129), and this was supported by evidence from IVF 

cycles in older women. These demonstrated that the age related decline in 

fertility is caused by ageing oocytes and that the uterus in older women can be 

induced into a receptive state comparable to that in younger women (130).

Uterine receptivity is achieved using hormonal regimens based on an 

incremental oestrogen to mimic the proliferative phase of the cycle with the 

addition of progesterone (the natural hormone) to a fully developed 

proliferative cycle. Continuation of oestrogen stimulation after the addition of 

progesterone may not be crucial (126), but ovarian androgens or other 

unidentified factors may play a part, at least in that they may impair 

receptivity in situations characterised by their increased production (126). 

Implantation in humans is limited to a narrow 'implantation window' between 

days 16-19 of a 28-day cycle (131), and as evidenced by impairment in 

regimens using clomiphene citrate or hyper-stimulation programmes, is 

dependent on a fine hormonal balance. The effect of disturbance of this 

balance may be demonstrated morphologically or using biochemical markers 

(132).

1.12.3.3. Assisted conception following ovarian failure

Achieving a pregnancy after ovarian failure whether this was timely or 

premature, and whether it occurred spontaneously or iatrogenically is 

dependent on donor oocytes. Initially confined to young women with 

premature ovarian failure, currently, more women past the natural 

reproductive age are undergoing such pregnancies.
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Fecundity in women is known to decline with age and is almost totally lost by 

the age of 45 (130). However, it has been demonstrated that the 

postmenopausal uterus can still achieve a high pregnancy (39.02%) and 

delivery (21.6%) rate. Furthermore, the implantation rate per embryo is 

comparable in women aged <40 and those aged 40 or more (13.5% and 12.2% 

respectively), (133). There is, however, no data on endometrial histology in 

the group of older women undergoing oocyte donation.

1.12.3.4. HRT regimens and the postmenopausal endometrium

Data on the endometrial effects of HRT is scarce, except in relation to 

endometrial safety and the prevention of hyperplasia and cancer. Endometrial 

hyperplasia (134), and an increase by 3-25 fold in endometrial cancer risk (74- 

76), have been linked to ERT.

The addition of progestogens to oestrogens is advocated in order to reduce the 

risk of hyperplasia and cancer. In order to be effective, some argue that, 

progestogens need to be added for a minimum of 13 days (78, 135). Meta

analysis of all studies combined suggests that the relative risk for developing 

endometrial cancer in women on combined HRT is 0.8 (Cl 0.6-1.2), although 

cohort studies suggested a different relative risk of 0.4 (Cl 0.2-0.6) compared 

to the 1.8 (Cl 1.1-3.1) calculated from case controlled studies (136).

1.12.4. Mechanism of steroid action

1.12.4.1. Mechanism of oestrogen action

CEstrogen exerts its effect on the endometrium through interaction with its 

specific receptors located in the nucleus. The oestrogen receptor (ER) is a 

member of the steroid hormone receptor superfamily. The protein has five 

regions (A-E) and a small C-terminal F region of unknown function (Figure 

1.10.). ER activation requires the binding to oestrogen which is accompanied 

by dissociation of the heat-shock protein 90 (hsp 90) from the E region and 

dimerization of the receptor. This enables the complex to interact with 

oestrogen response elements to activate transcription of target genes, for 

example the progesterone receptor (PR) (137).
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The action of oestrogen on the endometrium is complex. It has been 

demonstrated that the mitogenic effect of oestrogen on uterine epithelium is 

dependent on the presence of adjacent stroma. On the other hand, oestrogen 

can induce epithelial cells, in isolation from stromal cells, to produce specific 

proteins such as the progesterone receptor. The mechanisms that may mediate 

the mitogenic effect of oestrogen are not clear, but may involve paracrine, 

stromal mediated effects, organismal mediated effects, or the inhibition of 

circulating inhibitory factors (138). (Estrogen induces in target cells, a 

paracrine response which influences closely opposed neighbouring cells (139) 

and which may involve epidermal growth factor (EGF) and/or other 

protooncogenes such as c-fos, c-myc, N-myc, erb B, and c-rasHa (140).

1.12.4.2. Alterations in ER levels during the menstrual cycle

The level of ER in the endometrium rises gradually to reach its peak in the 

late follicular phase, and drops gradually during the luteal phase. The rate of 

drop is higher in the epithelium compared to the stroma (141, 142).

1.12.4.3. Mechanism of progesterone action

Progesterone and other progestogens bind to progesterone receptor (PR). 

Progesterone reaches its receptor, located inside the nucleus by passive 

diffusion (141), and progesterone-receptor complex modulates protein 

synthesis.

Progesterone antagonises the effects of oestrogen on the endometrium through 

inhibiting synthesis of ER especially in the epithelium (143, 144). It decreases 

ER binding to its nuclear binding site (145), and increases oestradiol 
inactivation by induction of the 17p-hydroxysteroid dehydrogenase (146). The 

anti-oestrogenic effect of progesterone may also be partly mediated by stromal 

signals. The exact mechanisms involved in this paracrine effect are not known 
but a likely mediator is transforming growth factor-P (TGF-p) (147).

PR has 2 subunits, a  and p. The P subunit has receptor sites for progesterone 

and for chromatin. This binding to chromatin exposes a DNA-binding region 
on the a  subunit and it is the binding of the a  subunit to DNA that initiates 

transcription (92). The human PR exists in two isoforms P R a  (768 amino 
acids, 94kDa) and PRb (933 amino acids, 114kDa). These result from 

translation of two different mRNA populations and are synthesised through
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initiation of transcription from different sites of the same gene. Initiation of 

transcription is controlled by two different oestrogen induced promoters (148). 

The role of each of these forms is unclear although there is evidence that they 

interact differently with target genes (149), PR b being predominantly a 

transcription activator whilst PRa is a transcription inhibitor. It is thus 

possible that alterations in PRa/PRb balance is a mechanism for modulation 
of progestogen action.

1.12.4.4. Alterations in PR level during the menstrual cycle

The action of progesterone on the endometrium will depend on the level of 

PR which fluctuates during the menstrual cycle. Induction of PR requires the 

presence of oestrogen and is inhibited by progesterone (150). In the glandular 

epithelium, PR levels are low during the early- and mid- follicular phase and 

increase markedly in the late-follicular and the early-luteal phase, it then 

drops markedly during the mid-luteal phase till it completely disappears in the 

late luteal phase. PR levels in the stroma follow a similar pattern except that 

the decline during the mid luteal phase does not occur and the receptor level 

remains stable (141, 142). PR is present in the muscular layer in the spiral 

arterioles (151), but not in endometrial lymphoid tissue (117).

1.12.5. Menstruation

Menstruation occurs in humans and some subhuman primates. The only non

primates which menstruate are the bat (Glossophaga soricina) and the 

elephant shrew (Elephantus myuras jamesoni), and an experimental model 

was produced in the mouse (152).

Although most authors agree that the superficial two-thirds of the 

endometrium is lost at menstruation, an alternative view is that some areas of 

the zona spongiosa may be retained with only little tissue loss. These 

divergent views have been attributed to non-uniform loss, where most shed 

tissue being from the body and the fundus but little from other sites.

At the start of menstruation, the glands of the functionalis are mostly effete, 

the compacta begins to break up, the shed stromal cells agglutinate and 

become more basophilic. The functionalis, disintegrates and has lakes of
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proteinaceous fluid and focal haemorrhages containing platelet masses 

between the sheets of collapsed glands. Polymorphs appear in the stoma.

The mechanism of onset of menstruation is not completely understood, but 

may involve collapse and spasm of arterioles (87) possibly secondary to 

increased capillary fenestration (153), or involve lysosomal action (154).

It is not clear whether endometrial glands contribute to the process of 

menstruation, but they have been shown to produce vasoactive substances as 

endothelins and nitric oxide (155). The role of apoptosis has also been argued 

(156). Increased vascular permeability under the influence of vascular 

endothelial growth factor (VEGF) (157), and increased tortuousity and 

vasoconstriction followed by vasodilatation precede menstruation (87). 

Mediators of the vascular events include vasoconstrictors such as endothelin-1 

and prostaglandin F2a and vasodilators like prostaglandin E2, prostacyclin 

and nitric oxide (158).

1.13. Assessment of steroid action upon the endometrium

Monitoring endometrial response both in the physiological and the 

hormonally induced cycle relies on assessment of biopsy material, and on 

physiological response. Imaging methods used in clinical practice for 

measuring endometrial thickness have limited utility in this respect. 

Measurement of blood levels of endometrial-derived products, or of these 

products in luminal secretions are alternatives that have a promising potential 

but which are, as yet, less developed.

1.13.1. Physiological response: the bleeding pattern

The bleeding pattern has been used to monitor physiological cycles and cycles 

treated with oral contraceptive pills (71). The onset of bleeding may reflect 

the histology of the endometrium under HRT (79), but this has not been 

confirmed (80). However, there are very few studies on the bleeding patterns 

in women using HRT (159, 160) which, therefore, remains incompletely 

understood.

1.13.2. Assessment using endometrial biopsy
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1.13.2.1. Methods for obtaining a biopsy

Obtaining a tissue sample from the endometrium is the traditional method for 

assessing endometrial functional states, and various techniques have been 

employed for this purpose. As endometrial lesions may be localised, it is 

favoured by the pathologists if the whole of the endometrium could be 

obtained (69), but in practice this is difficult to achieve (161-163). 

Furthermore, for the demonstration of the functional state of the endometrium, 

full curettage is unnecessary as it has been demonstrated that the endometrium 

usually develops homogeneously, bar the less responsive isthmus (164). Full 

curettage may also be undesirable if a repeat biopsy is required later in the 

same cycle (69), or for clinical reasons (165). "Curettage" of the endometrial 

surface using spoons of various sizes and shapes (usually under general 

anaesthesia) is the traditional method. But in order to avoid the need for a 

general anaesthetic, office biopsy techniques were introduced. These utilise 

thin cannulae to obtain a sample of the endometrium (e.g. Sharmann curette). 

These thin cannulae may be combined with syringe (166, 167), or with 

motorised (e.g. Vabra) (35) suction. The more recent modifications as the 

vabra curette and the pipelle sampler utilise thinner disposable cannulae to 

ensure sterility and to guard against infection. The criticism that has been 

directed to these devices is that they do not sample the whole of the 

endometrium (163) which, as discussed previously, does not threaten their 

utility except in cases where localised lesions are present, and despite several 

reports testifying to their accuracy in the diagnosis of cancer, some cases may 

be missed (162).

To overcome this criticism, hysteroscopy was introduced. Using the 

hysteroscope the whole endometrial cavity can be seen, but the device can 

only detect macroscopic not microscopic lesions. The same criticism applies 

for imaging techniques as X-ray hysterosalpingography, Saline Infusion 

Sonohysterography (SIS), and to ultrasound.

Endometrial cytological techniques include attempts to brush, wash, or 

aspirate the endometrial cavity, or to use cervical smears. Endometrial 

cytology, initially advocated to exclude malignant lesions, has a large failure 

rate (27% for lavage techniques), and is now largely abandoned (168, 169).

All biopsy techniques have a failure rate which may be either due to operator 

error, or inherent in the method used. Biopsy failure may be due to missed
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localised lesions, or due to the small size of the sample obtained. This is 

particularly the case with the thin atrophic endometrium. The failure rate in 

obtaining endometrial biopsy by Dilatation and Curettage under general 

anaesthesia may be up to 42% (170). The endometrium was not assessable in 

27.1% of cases using the pipelle sampler (80), and the vabra curettage failed 

to produce a specimen in 18% of cases (171). These figures cast doubt on the 

reliability of the methods currently widely employed for endometrial 

assessment (172). Worthy of mention is the difficulty encountered in 

postmenopausal women which is exemplified by the finding in a series of 

1521 women, where a satisfactory specimen was obtained from only 13% of 

cases (104).

In research, these techniques have other inherent deficiencies with respect to 

adequate assessment of the endometrium. First: they are all blind biopsies 

which cannot be directed to any particular area of interest (173). Second, the 

biopsies obtained cannot be oriented and examined vertically (69, 132) in 

order to examine the whole thickness.

1.13.2.2. Methods for tissue assessment

The tissue obtained can be assessed histologically using light or electron 

m icroscopy, and after stain ing with chem ical, h istochem ical, 

immunohistochemical or in situ Hybridisation techniques. The advantage of 

these techniques over biochemical examination of tissue homogenates is their 

ability to localise the agents under study within the section. Tissue 

homogenising, however, may be more reliable for quantitative studies.

Histology

Histology remains the basic method for assessment and for differentiating 

normal from abnormal or malignant endometrium. However, many structural 

differences induced by hormones may not be detectable by light microscopy 

and are better demonstrated using ultrastructural or image analysis techniques 

(114). Furthermore histological examination suffers from being subjective 

(98) which limits its utility in research.

Ultrastructure
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The role of ultrastmctural studies is the demonstration of those features that 

cannot be assessed using light microscopy. The technique is not suitable for 

examination of large areas of heterogeneous structure, and is subjective unless 

combined with morphometric assessment.

Immunohistochemistry

Immunohistochemistry (IHC) has been used for the detection of various 

components in the endometrium including the luminal and glandular 

epithelium, the stoma, the vasculature and the stromal leukocytes (174). IHC 

permits tissue localisation and facilitates comparative studies. However, it is 

hampered by the lack of knowledge of the specific markers of function, and of 

the function of many of the known molecules.

Morphometry

Morphometry allows objective and quantitative assessment, and thus 

overcomes the criticism directed to histological assessment (96, 97, 174, 175). 

Automated image analysers have been used in endometrial assessment, and 

the technique has a high consistency (98).

The gland density is constant (20), and does not vary significantly during the 

cycle (96). Other quantifiable structural changes include the number of 

mitosis, epithelial cell height, glandular lumen area, the number of glandular 

mitosis, basal vacuoles, glandular diameter, and the volume density of the 

glandular lumen (96).

1.13.2.3. Isolation of proteins from endometrial explants

Physiological and pathological events in the endometrium, e.g. implantation 

and carcinogenesis, may be mediated by, or reflected in changes in the 

composition of endometrial secretions. Isolation of proteins secreted by 

endometrial explants in culture medium, or of intracellular proteins, has been 

used to study endometrial protein production. Tissues may be cultured intact 

(176) or after enzymatic digestion to isolate the glands from the stroma (177). 

Identification of newly produced proteins could be achieved by radio

labelling or by electrophoresis. The limitation of this technique is that tissues 

may alter some of their physiological properties when grown in culture, and 

that some of the proteins found in the culture supernatant may be subject to
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unidirectional secretion into the vascular compartment in vivo, and may not 

be normal constituents of the intrauterine environment.

1.13.3. Assessment using peripheral blood samples

Monitoring endometrial response to hormones by detecting serum endometrial 

proteins, provides a less invasive method. The protein most extensively 
studied is OC2PEG (Placental Protein 14, PP14), which has been suggested as 

an indicator of adequate endometrial response to progestogens (178-180). 
Serum (X2PEG rises premenstrually (181, 182), and in the progestogenic phase 

of combined HRT (183, 184), but has not been shown to correlate with 

endometrial histology (160, 185), which may be partly explained by the 

presence of alternative sources for the protein.

Insulin like growth factor binding protein-1 (IGFBP-1, PP12, aj-PEG) is 

another major protein synthesised by the decidualized but not the proliferative 

endometrium (186). The synthesis and secretion of IGFBP-1 by the 

endometrium is related to progesterone-dependent differentiation (187). 

IGFBP-1 is detected in serum, but the concentrations are related to glucose 

homeostasis which reflects the major contribution from extrauterine sources 

(188).

1.13.4. Assessment using uterine luminal washings

The technique involves passing a thin cannula inside the uterus in order to 

obtain a sample of uterine luminal fluid after flushing the cavity with fluid 

(189). Identification of endometrial specific proteins using this technique is 

difficult as the vast majority of detected proteins are transudates from serum 

proteins (190). There is currently no known specific endometrial marker(s) 

that can reflect each physiological state (e.g. receptivity for implantation, 

corpus luteum degeneration and menstruation), which limits the utility of the 

technique.

1.14. Aim and plan of investigation

Whilst beneficial effects of HRT are linked to the use of oestrogen, adverse 

effects do occur, the most prominent of which are the effects of progestogens 

on the lipid profile. The balance of these effects on postmenopausal women is
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incompletely understood. The current investigation is designed to examine the 

effects of a cyclical continuous combined HRT (cHRT) regimen on the 

endometrium in postmenopausal women in as far as these reflect the balanced 

potency of the compounds used. The objective is to establish the baseline and 

to utilise it as a model to ascertain steroid action elsewhere in the body. The 

endometrial effect is thus studied not only for its own interest and 

implications but also, as an index of the biological effects of cHRT on the 

woman as a whole.

The biological effects of sex steroids in general, are usually referred to in 

terms of oestrogenic, progestogenic, or androgenic potency. The oestrogenic 

and the progestogenic effects are particularly relevant in relation to the 

compounds used in cHRT and in relation to the cyclical changes in the 

endometrium, and will be the subject of the current investigation.

This investigation will attempt to ascertain the utility of known markers of 

steroid effect on the cHRT treated endometrium. But because of the paucity of 

recognised functional markers, will also attempt to identify new markers that 

reflect hormonal influence.

The overall objective is to identify features of endometrial differentiation that 

may link to potential differences in the action of endogenous and exogenous 

hormones on other body systems. This may lead to the generation of 

hypotheses and guidelines for the development of more 'physiological' cHRT 

regimens.

The investigation proposes to:

1- Study a group of women treated by a unified cHRT regimen in a clinically 

defined and standardised manner, in order to avoid any variability consequent 

to different treatment regimens, and also to avoid confounding variables.

2- Endometrial response will be monitored using the bleeding patterns and 

biopsy material at the end of the progestogenic phase. Timing was chosen in 

order to ascertain the full impact of both hormones.

3- Biopsy material from the functionalis, which is the most responsive layer to 
steroids, will be studied both histologically and using immunohistochemistry 

in order to appreciate the endometrial changes induces by cHRT.
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4- Establish a detailed histological description of cHRT treated endometrium.

5- Compare cHRT treated endometrium with biopsy material obtained from 

women with natural cycles in order to appreciate the differences and the 

similarities. The underlying hypothesis is that optimal 'physiological' hormone 

replacement would produce endometrium that is similar to that of the natural 

cycle.

6- Markers of hormonal effect will be utilised in order to assess the 

developmental stage of each component of the endometrium; glands, stroma, 

vasculature, and leukocytes. The findings will be related to the functional 

state (bleeding) and to the hormonal influences.

7- Endeavour to generate new monoclonal antibodies against cell membrane 

antigens that are modulated through the cycle, and ascertain the utility of 

these in the study of cHRT treated endometrium.

Proposed method of investigation

The endometrium is composed of several cell types, and cell-cell interactions 

do occur. An in vivo model is, therefore, more appropriate for the study of the 

balanced effect of the preparation used. It is also a more appropriate model for 

the study of the effects of systemically administered compounds which are 

known to be metabolised elsewhere in the body, as well as locally within the 

uterus.

Biochemical methods if applied to the endometrium, although may be more 

accurate in estimating the levels of agents under investigation, do not enable 

the exact localisation of these agents to each cell type. Biochemical methods 

do not allow the accurate comparison of antigen expression in different cell 

types, or the study of tissue architecture, which remains the mainstay for 

endometrial studies. It was therefore considered more appropriate to employ 

histological and immunohistochemical - qualitative, semi-quantitative, and 

quantitative - methods, as well as in situ Hybridisation (ISH) in this study. 

This will employ specific monoclonal antibodies and probes. Assessment will 

be performed using light microscopy and image analysis.
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A major limitation of these techniques is the effect of any minor variation of 

the tissue sections and of the experimental conditions (191), these will 

therefore be rigorously controlled.

In order to generate monoclonal antibodies, a cell membrane preparation will 

be obtained from normal human endometrium and this will be used to 

immunise mice. The developed antibodies will be tested in tissue sections 

obtained from the normal endometrium for their localisation according the cell 

type and cycle phase. Specific antibodies that show fluctuation during the 

cycle will be identified and developed, those that do not will be discarded.
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Figure (1.1.)

T he m ortality rates in men and women in the UK in 1992 (A: linear, B: logarithm ic scale), 
d em onstra ting  a gradual increase in m ortality w ith advancing  age and the sharp increase 
betw een age 45-55 in both men and women. The rate for wom en rem ains below  that for men 
at all ages (data from OPCS, 1992).
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Figure (1.2.)

The m ortality rates in men and women in the USA  in 1992 (A: linear, B: logarithmic scale). 
T his dem onstrates a gradual increase in m ortality  w ith advancing age and a sharp increase 
betw een age 45-55 in both men and wom en. T he rate for wom en rem ains below that for men 
at all ages (Data from WHO. 1994).
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Figure (1.4.)

T he num ber o f  years o f life rem aining for m en and w om en at each age in the UK, 
dem onstrates the longer life expectancy in women at each age group (Data from OPCS, 1992).
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T he relation between the premenopause, postm enopause and life expectancy. Despite a shorter 
postm enopause, women who had a longer prem enopause had. in general, longer longevity. 
T he exception  being those whose m enopause was beyond 55  years o f age. and who had a 
slightly  shorter life span (Date from Snowdon. 1990).
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D eath rates in men and women due to m alignant tum ours (per 100000 population), in (A) the 
U K , and (B ) the USA. The rates are low er in w om en com pared  to men except during 
reproductive life where this is offset by the incidence o f breast and cervical cancer (Data from 
O PC S, 1992; W HO, 1994).
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m ales at all age groups (Data from OPCS, 1992; W HO, 1994).
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LH day Nucleus Glycogen Cytoplasm

LH+2 large nucleus, 
little hyper
chromatin, 
prominent 
nucleoli

little polarised, free ribosomes, 
normal mitochondria, poorly 
developed apical Golgi 
parallel to membrane

LH+3 occasional
nuclear
channel

large basal more polarised, variable cell 
morphology. Giant 
mitochondria, intimately 
associated with rough 
endoplasmic reticulum

LH+4 prominent
nuclear
channels

massive very homogenous, polarised, 
supranuclear Giant 
mitochondria, Golgi parallel 
to long axis of the cell

LH+5 prominent 
nucleolus & 
nuclear 
channel

moving to 
apex & 
lumen

more variable appearance, 
dilated endoplasmic reticulum, 
supranuclear dilated Golgi and 
clear cytoplasmic vesicles

LH+6 rim of hetero
chromatin, 
NCS

fewer clear areas in basal 
cytoplasm. Apex full with 
Golgi and vesicles. Apical 
smooth endoplasmic 
reticulum. Lateral cell 
membrane interdigitate 
extensively

LH+7 fewer NCS fewer giant mitochondria

LH+8 NCS
uncommon,
increased
hetero-
chromatin

lost
secretory
activity

stop secretory activity, loss of 
polarity. Rare giant 
mitochondria. Most prominent 
lateral interdigitations

Table (1.8.)

U ltrastructural changes in the endom etrium  from day 2-8 after the LH surge. Characteristic 
features include the appearance o f the NCS, and the giant m itochondria.

N CS: N uclear channel system
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(Estradiol

Progesterone

Figure (1.9.)

T he relation between endom etrial histological features and the dose o f adm inistered cestradiol 
and progesterone (m odified from Good & M oyer, 1968).

A - Secretory endom etrium  like that o f the normal cycle
B- G lands proliferated and dilated; epithelium  pseudostratified, strom a underdeveloped 
C- P rogesterone predom inant: glands involuting; strom a predecidual 
D- G lands and strom a underdeveloped 
E- G lands underdeveloped; stroma predecidual

42



(Estrogen receptor
Transactivation NLS
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NLS = nuclear localisation signal

Steroid
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Figure (1.10.)

The structure o f  (estrogen receptor (HR). The steroid receptor and signal pathway. The A/B region contains isoform specific sequences and a 
conslitutively active transactivalion domain (TAF-I). The C region contains the DNA binding and dim erization domain. The D region contains the 
nuclear localisation signal. The I) and I: regions are required for interaction with Ileal Shock Proteins. The F dom ain is involved in hormone 
binding, nuclear translocalisation o f receptor, horm one dependent transactivalion and receptor dim erization. (Estrogen but not progesterone 
receptor, contain the F region. Upon binding to receptors, the receptor translocates into the nucleus and dimerizcs. Following this the receptors bind 
to the hormone response elem ents within the target gene, resulting in transcription activation or repression, and its interaction with protein kinases 
(M odified from Park-Sarge & Mayo, 1994) (192 ).



Chapter 2

Materials and Methods

Here the sources of material and the methods used will be reviewed. 

Laboratory chemicals were obtained from BDH (Dorset, UK), unless 

otherwise specified. The study comprised two parts:

1- The bleeding pattern and the endometrial response to cHRT.

2- Monoclonal antibodies were raised against endometrial cell membrane 

antigens.

2.1. Endometrial response to cHRT

A group of women received cHRT for six months, and the bleeding pattern 

was analysed. Endometrial biopsies were compared to those obtained from the 

physiological cycle.

2.1.1. cHRT treated group and schedule

This was an open label study of postmenopausal women. All of whom were 

recruited at Leicester Royal Infirmary, Leicester, UK, between December 

1992 and September 1994. They were all healthy women requesting HRT, and 

all participants signed an informed consent approved by the local ethics 

committee.

The inclusion criteria were healthy non-hysterectomised postmenopausal 

women, aged between 44-62 years. The menopause was defined both 

clinically (at least 12 months since the FMP), and biochemically (serum 

cestradiol <100 pmol/1 and serum FSH >40 iu/1). None had received oral or 

topical oestrogen, progestogen or androgen within the previous 3 months, and 

because of the long half life of oestradiol implants, women who had ever 

received these were excluded. Other exclusion criteria were the presence of 

contraindications to HRT, e.g. known or suspected hormone sensitive 

tumours, or liver disease. Drugs known to influence the metabolic clearance of 

steroids by the liver were contraindicated. All women underwent routine 

investigations for liver, renal and thyroid function and those women who had
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evidence of abnormalities were excluded. All women had a normal 

mammogram and a normal cervical smear before commencing therapy. A 

pelvic examination was performed at the beginning of the study, women with 

abnormalities on vaginal examination were excluded.

The normality of the endometrium was confirmed by histological assessment 

of an endometrial pipelle biopsy (Laboratoire CCD, Paris) prior to 

commencing therapy. Women were to be excluded if this biopsy could not be 

obtained because of administrative or technical reasons (e.g. cervical stenosis) 

or if the baseline biopsy showed evidence of endometrial hyperplasia or 

malignancy.

Participants adhered to a rigid schedule. The first clinic consultation being a 

pre-study assessment for inclusion, 2-3 weeks prior to commencement of the 

168 days of active medication. During the treatment period women attended 

clinic every 56 days. At the final visit an endometrial biopsy was performed.

Women filled in Diary Cards to document the intake of study medication and 

to record the days of bleeding and its severity. The card design was simplified 

in order to minimise the chances of inaccuracy (Figure 2.1.). Bleeding was 

graded as: no bleeding=0, spotting=l, normal=2, or heavy=3. The total 

bleeding score (Total-BS) was represented by the summation of the daily 

scores, and was divided by the duration of bleeding to obtain the average 

bleeding score (Average-BS).

The objective was to evaluate 100 women who completed 6 months of 

treatment. There were 33 screen failures (Table 2.2.), and 28 withdrawals 

(Table 2.3.), 103 women completed the six months on therapy (Table 2.4.). Is 

it significant that only 5 (3.8%) stopped treatment because of heavy periods, a 

sixth patient stopped treatment as she decided that she did not wish to have 

any periods, although her periods were average.

The study endometrial biopsy was planned for the final clinic visit that was 

scheduled for days 27 to 29 of the sixth cycle (Table 2.5., 2.6.).

Medication
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All women were prescribed a regimen of 2mg oestradiol valerate daily with the 

addition of lmg norethisterone from day 17 through to day 28 of each cycle 

(Solvay Pharma, GmbH). No additional steroids were allowed.

2.1.2. Control group

LH-dated natural cycle biopsies (n=30) were obtained by dilatation and 

curettage from healthy fertile women with regular cycles at the time of 

scheduled tubal sterilisation. They were all given a urine ovulation detection 

kit (Clearplan, Unipath, UK) and instructed to its use. Sterilisation and 

dilatation and curettage were scheduled for the luteal phase. None of the 

women was using hormonal contraception or an intrauterine device, or had 

any pregnancies for the previous 6 months. Their mean age was 34.7years 

(range=26-39), and mean parity 3.2 (range=2-6). All women gave written 

consent to the procedure that was approved by the local ethics committee. The 

biopsies were obtained as follows:

- Early luteal phase day 2-6 (n =10).

- Mid luteal phase day 7-11 (n =10).

- Late luteal phase day 12-14 (n =10).

On histological examination, none of the biopsies showed features of 

hyperplasia or malignancy.

2.1.3. Sampling technique

Endometrial samples were obtained either with a pipelle or at dilatation and 

curettage. In all cases attempts were made to obtain the sample high from 

within the endometrial cavity avoiding the isthmus.

2.1.4. Tissue processing and preparation of sections

2.I.4 .I. Cryostat sections

Although frozen sections have the advantage of better preservation of 

antigenicity for IHC detection, tissue preparation using cryostat fixation 

yielded sections with poorly preserved architecture. This was similar to the 

experience of others (193), and was therefore abandoned in favour of formalin 

fixed paraffin embedded preparations.
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2.1.4.2. Formalin fixed paraffin-embedded preparations

Formalin fixation followed by paraffin embedding using standard 

methodology, yielded sections with excellent architectural preservation (193). 

Once obtained endometrial tissue was fixed in 10% buffered neutral formalin 

solution and were subsequently paraffin wax embedded. Paraffin embedding 

of formalin fixed tissue was processed automatically, through dehydration 

with grades of ethyl alcohol, followed by several washes in chloroform for 

clearing, followed by wash in xylol prior to embedding in wax (Ralvvax 1). 
Sections (4pm thick) were cut using the Leica RM2035 microtome and 

suspended on Silane (3-Aminopropyl-Triethoxy-Silane, Sigma, Dorset, UK) 

coated slides, and dried overnight in a 37°C heated oven.

2.1.5. Staining techniques

2.1.5.1. Histological and histochemical staining 

Hematoxylin and Eosin (194):

Sections were dewaxed in 3 steps in xylene, rehydrated through 99%, 90%, 

70% ethyl alcohol, (each step for 5 minutes), and washed in distilled water 

(dH?0) for 5 minutes. They were then stained in Harris hematoxylin (Sigma) 

for 5 minutes and washed in running water. Following that, they were stained 

in Eosin (TAAB Laboratories, Berkshire, UK) and again washed in running 

water. The dehydration steps were then run in reverse order to the dehydration 

steps above. Sections were covered by no. 'O' glass coverslips using DPX 

mountant (containing distrene 80, dibutyl phthalate and xylene).

Phloxine-Tartrazine method (Lendrum) (195):

This technique was initially used to identify endometrial granulated 

lymphocytes, but as staining of paraffin sections was not consistent, it was 

abandoned in favour of IHC.

2.1.5.2. Immunohistochemistry

Appendix (2) summarises the primary and secondary antibodies used in this 

work, and Appendix (3) lists other reagents used in IHC. All were stored as
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per supplier's recommendations, antibodies that withstand freezing were 

stored in small aliquots at -20°C, and none were subjected to repeated 

freezing/thawing cycles. All steps were performed in a humidity chamber 

unless otherwise specified.

2.I.5.2.I. Method for single labelling

IHC followed the standard protocols using the Avidin-Biotin complex 

immunolabelling method (193), with modifications. The following steps were 

performed (solutions are referred to in Appendix 1):

1- Sections were dewaxed in the fume hood in three steps of xylene, and 

rehydrated in grades of ethyl alcohol (99%, 90%, and 70%), (each step for 3 

minutes).

2- They were washed in dH20 for 3 minutes.

3- Sections were pretreated using enzyme digestion or heat treatment, if 

necessary (2.I.5.2.3.),

4- If DAB substrate was to be used, endogenous peroxidase was blocked by 

incubating in freshly prepared 6% hydrogen peroxide (H2O2) for 10 minutes.

5- Sections were washed in running tap water for 5 minutes.

6- They were then transferred to TBS-BSA buffer for 5 minutes.
7- Slides were wiped around the tissue and covered in lOOjil of Normal 

Rabbit Serum (NRS), (Dako, Bucks, UK), diluted to 1:10 in TBS (if the 

primary antibody was of rabbit origin swine serum was used instead), then 

incubated in a humidity chamber for 20 minutes at RT.

8- Excess NRS was removed and sections were incubated with the primary 

antibody at the required dilution and for the optimum time.

9- Slides were washed in TBS-BSA for 20 minutes and then incubated with 
the secondary antibody (100|iil of biotinylated antibody from a heterologous 

species) diluted at 1:150 in TBS-BSA. Incubation was for 30 minutes at RT.

10- These were washed in TBS-BSA for 20 minutes.

11- Slides were incubated with a freshly prepared solution of Vectastain ABC 

alkaline phosphatase® or Vectastain ABC peroxidase® (Vector Laboratories, 

CA, USA) in PBS at room temperature for 30 minutes.

12- Sections were washed in PBS for 30 minutes and solution changed at 15

minutes interval.
13- Sections were incubated with alkaline phosphatase substrate (Fast Red 

TR/Naphthol AS-MX®, Sigma), or peroxidase substrate (DAB substrate,
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Vector Laboratory) for approximately 5-10 minutes, or until colour fully 

develops.

14- Slides were washed in running tap water for 5 minutes.

15- Counter staining was seldom used, but if performed, Mayer's hematoxylin 

was used for 30 seconds, followed by a wash in Scotts tap water.

16- Sections were dried and mounted. For alkaline phosphatase substrate 

Apathy's aqueous mountant (Raymond A Lamb, London, UK) was used, and 

for DAB substrate sections were dehydrated in grades of alcohol, cleared in 

xylene and mounted using XAM or DPX mountant.

2.I.5.2.2. Method for double labelling

Double labelling for CD45 and M ibl (Basic technique):

The following methodology was used for double labelling for CD45 and 

M ibl:

1- Sections were dewaxed and re-hydrated to distilled water as for single 

labelling.
2- They were subsequently pre-treated in 0.4% Pepsin HC1 solution at 37°C 

for 20 minutes.

3- Sections were washed in running tap water for 5 minutes.

4- Sections were transferred in slide racks to TBS-BSA for 5 minutes.

5- Slides were wiped around the sections and the sections were covered with 

lOOpl of Normal Rabbit Serum (NRS) diluted 1:10 in TBS, and incubated at 

RT for 10 minutes.
6- The excess NRS was wiped off, and the primary antibody against CD45 

diluted to 1:150 in TBS was applied to cover the sections.

7- Slides were incubated overnight at 4°C.

8- Slides were washed in TBS-BSA for 20 minutes.

9- Slides were dried around the sections and lOOfil of the secondary antibody 

(rabbit anti-mouse linked to alkaline phosphatase), was applied to cover the 

sections at a dilution of 1:100 in TBS. Sections were incubated for 30 minutes.

10- Slides were washed in TBS-BSA for 20 minutes.
11- Alkaline phosphatase substrate (Fast Red TR/Naphthol AS-MX®, Sigma) 

was applied to cover the sections until the colour fully develops as judged 

microscopically (approximately 5 minutes).
12- Sections were washed in running tap water for 5 minutes.
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13- The slides were microwave treated in 6M Citrate Buffer (2.I.5.2.3.), for 
30 minutes, whilst checking every 10 minutes to ensure that the buffer level 

covers the slides which were not allowed to dry out at any time. After cooling 

in the buffer, sections were transferred to tap water and rinsed.

14- Sections were transferred to TBS-BSA for 5 minutes.

15- Slides were wiped around each section and lOOpl of NRS (Dako), diluted 

1:10 in TBS, was applied to cover the sections. They were left at RT for 10 

minutes.

16- Excess serum was removed and the M ibl antibody, diluted to 1:50 in 

TBS, was applied to cover the sections.

17- Sections were left to incubate overnight at RT.

18- Slides were washed in TBS-BSA for 20 minutes.

19- Slides were wiped around the sections and lOOjil Rabbit anti-mouse 

antibody applied at a concentration of 1:150 in TBS, and incubated for 30 

minutes.

20- Vectastain ABCelite®  peroxidase solution (Vector Laboratories) was 

reconstituted in PBS, 30 minutes before use. In 5ml of PBS, 2 drops of 

solution A was mixed, and then 2 drops solution B was added and mixed.

21- Slides were washed in TBS-BSA for 20 minutes.

22- 100)ll1 ABC solution was applied to cover the sections and was left for 30 

minutes.

23- Sections were washed in PBS for 30 minutes, and the solution was 

changed after 15 minutes.

24- Vector SG®, blue/grey peroxidase substrate (Vector Laboratories) was 

applied for approximately 5 minutes, or until the colour fully develops.

25- Sections were washed in running tap water for 5 minutes and mounted 

using Apathy’s aqueous mountant (Raymond A Lamb).

Double labelling for CD3 and M ibl

The following modifications of the basic technique were introduces:

a- Step (2): Pepsin pretreatment was used for 40 minutes,
b- Step (5): Normal swine serum was used (lOOpl) at 1:10 dilution,

c- Step (6): The primary antibody anti-CD3 (Dako) was used at a

concentration of 1:50. 
d- Step (9): For the secondary antibody, lOOpl of biotinylated F(ab)2

fragmented swine anti-rabbit antibody (Dako) was substituted 

at a concentration of 1:150 (for 30 minutes at RT). Sections
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were subsequently washed for 20 minutes in TBS-BSA and 

incubated in a solution of Vectastatin ABC® alkaline 

phosphatase (Vector Laboratories) in PBS at RT for 30 
minutes.

e- Step (15): Normal swine serum was used.

Double labelling for CD56 and M ibl

The following changes to the basic technique were used:

a- Step (2) Was replaced by microwave treatment as in step 13.

b- Step (6) The monoclonal anti-CD56 antibody (Neomarkers, USA) was

used at a dilution of 1/50 instead of anti-CD45 antibody, 

c-S tep  (13) Was omitted.

2.I.5.2.3. Modifications of the standard technique

The main modifications involved either enzymatic or heat pre-treatment. 

Alkaline phosphatase or peroxidase enzymes linked to avidine can be used 

interchangeably except for double labelling.

Pepsin pre-treatment

Enzyme pre-treatment of formalin fixed tissue unmasks many antigenic sites 

which allows bind to the primary antibody (193). In general the commonly 

used enzymes are pepsin and trypsin. Pepsin was used successfully in this 

work at a concentration of 0.4%. The duration of enzymatic treatment depends 

on the specific antigen and antibody (Pepsin solution: Appendix 1).

Microwave pre-treatment

Antigens were unmasked by microwave heating the sections whilst immersed 

in an antigen unmasking agent (196), alternatively pressure autoclaving may 

be used. The microwave technique was used in this work. Sections were 

transferred to plastic slide racks and immersed in 6M citrate buffer (Appendix 

1), and heated in a 750 Watt Microwave (Techolec, T250T, UK) at full power 

for 20-40 minutes. The level of the buffer was checked every 10 minutes to
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ensure that it covers the slides, dH2 0  was used to replace evaporated water as 
needed.

2.I.5.2.4. Controls for IHC

Specificity of immunolocalisation was confirmed by:

1- The antibodies employed are known to be highly specific.

2- The pattern of staining followed the expected pattern both in the 

endometrium and using positive control tissue.

3- The use of positive and negative controls, where appropriate.

4- Negative control experiments omitting the primary antibody to control for 

background staining.

5- Negative control experiments replacing the primary antibody with IgG 

(Sigma) against different species.

2.I.5.3. TdT-mediated dUTP-biotin nick end labelling (TUNEL)

TUNEL identifies DNA fragments in cells undergoing programmed cell death 

(Apoptosis), and was performed as follows (197):

1- Sections are dewaxed in the usual way and then washed in distilled water 

(dH20) for 3 minutes.

2- Sections were treated with Proteinase K, 20units/mg (Boehringer 

Mannheim, GmbH), at a concentration of 20ug/ml, for 1 hour at RT.

3- The enzyme was rinsed in sterile d ^ O  at 4°C for 10 minutes, the d ^ O  

renewed after 5 minutes.

4- Sections were soaked in 0.4% paraformaldehyde solution (Appendix 1), at 

4°C for 20 minutes.

5- Sections were rinsed in d ^ O  at RT for 5 minutes.

6- Sections were washed in TdT buffer (Appendix 1), at RT for 5 minutes.
7- The labelling solution was made up by adding ljil Digoxigenin-11-2'- 

deoxy-uridine-5'-triphosphate, alkali-stable (DIG-11-dUTP), and 4u.l of the 

enzyme Nucleoside-triphosphate: DNA deoxynucleotidylexo-transferase 
(Boehringer Mannheim) to 500pl of TdT buffer (Boehringer Mannheim). 

Sections were covered, each with 50jil of the labelling solution, and a 

coverslip was applied to the sections to prevent drying whilst they were 

incubated at 37°C for 2 hours in a humidity chamber.

8- Slides were racked and rinsed twice (5 minutes each) in dH20 at RT.
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9- Sections were incubated for 10 minutes at RT, in a blocking solution made 

of 3% BSA (Sigma) in TBS, with Triton X-100 (Sigma) added at the 
concentration of 100|il per 100ml.

10- This was followed by incubation with anti-digoxigenin-AP fab 

fragmented antibody (Boehringer Mannheim), at a concentration of 1:600 in 
blocking solution at RT.

11- Sections were washed in TBS for 10 minutes at RT, and then rinsed in 

dH 20  at RT.

13- Sections were rinsed in substrate buffer (0.1M Tris HCL, pH 9.5) for 5 

minutes at RT.

14- Alkaline phosphatase substrate kit (BCIP/NBT, Vector Laboratories) was 

used for colour detection, Slides were incubated with substrate at RT until 

colour developed (10-60 minutes). The reaction was monitored under 

microscopic guidance .

15- Sections were washed in tap water for 5 minutes, and mounted using 

Apathy's aqueous mountant (Raymond A Lamb).

Alternative technique for TUNEL

1- Sections were dewaxed and brought to water through grades of alcohol as 

for immunohistochemistry.

4- Sections were treated by Proteinase K (20units/mg) (Boehringer 
Mannheim) at a concentration of 20jig/ml for 20 minutes at RT.

5- The reaction was then stopped by washing for 2 minutes in dH20 .

6- Sections were immersed in TdT buffer for 10 minutes at RT, The buffer 
was made up by adding 40jil of dH20  and 10|il TdT buffer and 2p.l of cobalt 

chloride, per section.

7- Sections were incubated at RT for 90 minute, covered with a solution made 

of Terminal deoxynucleotid Transferase (Tdt, Nucleoside-triphosphate: DNA 

deoxynucleotidylexo-transferase; Boehringer Mannheim) and Biotin-16-dUTP 

(Biotin-16-2'-deoxy-Uridine-5'-triphosphate; Boehringer Mannheim) in TdT 
buffer, ( ljil of transferase and 1 jil of dUTP added to lOOjil of TdT buffer).

8- Sections were transferred to TB buffer (300mM sodium chloride, 30 mM 

sodium citrate, Boehringer Mannheim) for 15 minutes at RT.

9- Sections were incubated with a freshly prepared solution of Vectastain 

ABC® alkaline phosphatase (Vector Laboratories) for 15 minutes at RT.

10- Sections were washed in TBS buffer and the alkaline phosphatase 
substrate (Fast Red TR/Naphthol As-MX®, Sigma) was added for 15 minutes 

at RT.
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12- The reaction was terminated by washing in dH20 .

13- Sections were mounted with coverslips using Apathy's mountant 

(Raymond A Lamb).

in situ End Labelling (ISEL)

ISEL is a comparable technique which differs in that it utilises the Klenow 

fragment of DNA polymerase I, rather than terminal transferase for 5' to 3' 

DNA labelling (198).

2.1.5.4. in situ Hybridisation (ISH)

ISH was used for labelling with the histone oligonucleotide probe (199) 

(NCL-Histone-U, Novo Castra Laboratories, Newcastle upon Tyne, UK). All 

solutions and equipment for the stages up to hybridisation were treated with 

H2O 2 and DEPC to remove nucleases, and all procedures were carried out 

wearing gloves, (solutions: Appendix 1):

1- Sections were dewaxed in a series of xylene and alcohol (as for 

immunohistochemistry) and rehydrated in DEPC (diethyl pyrocarbonate) 

water.

2- They were immersed in 2x Standard Saline Citrate solution (SSC), at 70°C 

for 10 minutes, and washed for 5 minutes in DEPC water at RT.

3- Proteinase K (Boehringer M annheim) was applied to sections at a 

concentration of 5ug/ml, (diluted in 0.05M Tris-HCl, pH 7.6, DEPC). These 

were incubated at 37°C for lhour.

4- The reaction was stopped by washing for 10 minutes at 4°C, in two 

changes of DEPC water.

5- Slides were transferred to 0.4% paraformaldehyde solution and incubated 

at 4°C for 20 minutes.

6- Slides were washed for 5 minutes at RT in DEPC water, wiped around the 

sections and covered in lOOjil of pre-hybridisation solution and incubated at 

37°C for lhour
7- 50|il of the probe was added onto the sections, which were covered and left 

overnight at 37°C.
8- Sections were washed twice for lOminutes each in a solution of 

2xSSC/30%  Formamide at 37°C, and transferred to blocking solution 

(Appendix 1) for 10 minutes at RT.
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9 -lOOu.1 of anti-digoxigenin alkaline phosphatase. Fab fragments antibody 

(Boehringer Mannheim) was applied (1/600 dilution in blocking solution) to 

cover the section and incubated for 30 minutes at RT.

10- Sections were washed in two changes of TBS over 10 minutes, then 

rinsed in sterile dH20. Following this ,they were transferred to Tris HC1 buffer 
pH 9.5 for 5 minutes.

11- The alkaline phosphatase substrate kit (BCIP/NBT, Vector Laboratories) 

was added to cover the sections, which were then covered with a coverslip and 

incubated in the dark. The reaction was m onitored microscopically at 

intervals. Overnight incubation was necessary.

12- Sections were washed in running tap water for 5 minutes and mounted 

using Aqua mount.

3' Labelling of oligonucleotide probes with digoxigenin

This method was used to label the Europath Histone probe, NCL-HISTONE- 

U (Novocastra Laboratories, Newcastle-Upon-Tyne, UK), that was designed 

to hybridise to the mRNA transcripts of human histone genes H2b, H3 and 

H4.

2.5u.g of the probe was used in the following preparation:

1- The dried probe was reconstituted in 50}il of sterile ultra-pure water, 

ensuring thorough contact with the probe and left to stand at RT for lhour.

2- To the eppendorf containing the reconstituted probe, the following were 

added in order (reagents from Boehringer Mannheim):

- Reconstituted probe 50jll1

- Sterile pure water to a final volume o f IOOjllI

- lOmM manganese chloride IOjllI

- Digoxigenin -1 1-dUTP lOnm

- Terminal deoxynucleotidly-transferase (Tdt enzyme) 50U (2jll1)

- TdT buffer 20|il

3- Solutions were mixed and then spun down in a microfuge followed by 

incubation for 2 hours at 37°C.
4- The enzyme activity was stopped by adding 5jil 0.5M EDTA.
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5- The remaining reactants were removed by passing the solution through a 

spun column, and label incorporation was demonstrated by staining test strips.

6- The final concentration was calculated (assuming 100% recovery of the 

probe) from the equation:

Final concentration in ng/pl=2500 / final volume in pi 

Preparation and development of test strips

1- Diluent was prepared by mixing:

- 20xSSC 300pi

- lOmg/ml sonicated and denatured salmon sperm DNA 20pl

- Ultra-pure water 680pl

2- lp l of probe was used to make a series of dilutions of : lng/|il, lOOpg/ul,

lOpg/pi, lpg/pl, O.lpg/fil, and 0.0pg/pl.

3- 1 j l l I  of each of the above dilutions was added on a strip of nitro-cellulose 

(8x1 cm). These strips were sandwiched between postlip paper and baked at 

80°C for 2 hours.

4- The strips were rehydrated by floating them on dF^O at 37°C and then 

transferred to pre-warmed blocking solution (Appendix 1) and incubated at 

37°C for 20 minutes.

5- Strips were baked again between postlip paper at 80°C for 2 hours.

6- Before use, the strips were rehydrated in dl-DO at 37°C, followed by 

incubation in blocking serum for 10 minutes at RT. They are now ready for 

use following the same stages as for ISH.

Preparation and use of spun columns

1- A 2ml plastic syringe was used, and its barrel was first filled with sterile 

polyallomer wool.

2- The syringe was filled with a slurry of Sephadex G50 (Sigma), pre-swollen 

in lxTE buffer (Appendix 1), pH 8.0. The syringe was refilled till full.
3- The syringe was placed into a sterile 15ml centrifuge tube, and centrifuged 

at 1600g for 5 minutes. Sephadex was refilled until the packed volume was 

approximately 1.8ml.
4- lOOpl of lxTE buffer was added and the column recentrifuged, and the 

process repeated till the volume recovered is approximately lOOp.1.
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5- A sterile eppendorf without a lid was placed under the column and the 

probe solution added to the top of the column and centrifuged for 5 minutes at

1600g.

6- The eluent was transferred to a fresh tube and measured.

7- The concentration was calculated after measuring the recovered volume 

and assuming a 100% recovery rate.

2.1.6. Examination of sections

Sections were examined qualitatively, semiquatitatively, and quantitatively.

2.1.6.1. Light microscopy and Image Capture System

The system was based on:

1- The microscope: Axioplan® (Carl Zeiss, Herfordshire, UK).

2- A single chip colour video camera: Sony DXC-151P, connected to the 

Sony CMA-15 IP camera adapter, and which transmits the image to the Apple 

Macintosh® computer (Centris 650) via a RasterOps 24STV graphics display 

board (Rasterops Corporation, Santa Clara, CA), and using the NIH Image™ 

software (version 1.51, National Institute of Health, USA). A scale slide 
(Graticule Ltd, UK) was used for translating linear measurements into pm 

scale. Captured images were processed (contrast enhancement, filtering, 

smoothing, etc.), and used to retrieve data.

2.1.6.2. Standardisation for image analysis

This was done through standardisation of tissue processing, the thickness of 

sections and the staining protocol. After optimising the protocol, staining for 

each antibody was performed in single batches, or by duplication of two 

sections between large divided batches. These were used for quality controls, 

and the experiment was repeated if the inter-assay coefficient of variation was 

> 6%.

Standardisation of the image analysis was performed by maintaining the same 

settings of illumination, contrast, brightness and filters for each antibody, and 

the same cut off thresholding for each experiment. Based on previous work 

(200) control sections were repeatedly examined during the measurement
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session, and the process was repeated if the intra-assay coefficient of variation 
was >6%.

2.1.7. Statistical analysis

The sample size for the number of women enrolled was calculated in order to 

obtain an estimate of the mean length of the luteal phase in postmenopausal 

women on cHRT. An internal pilot study including the first 15 women 
estimated the mean and SD to be 15.33 ± 2.537 days.

Based on this, the estimated sample size (n ) needed to estimate the population 

mean (.r), within a 95% confidence interval of 1 day can be calculated as 

follows:

95% confidence interval: x  +0.5 to .r -0.5 days 
B u t : 95% CI=mean ± 2 SEM

Standard error of the mean (SEM)=0.25 days 

B u t : SEM2=a -t n
n=2.53 x 2.53 / 0.25 x 0.25=102.4 

Therefore 103 women are needed in order for the estimate of the mean length 

of the luteal phase to be within a 95% Cl of 1 day (201).

As the standard deviation of the test parameters was unknown, the number of 

fields randomly selected from each section (n=17) was calculated in order to 
satisfy a one sample t-test, with a power 1-P=0.90, and a 2-sided oc^O.Ol to 

detect the population mean with a standardised difference dt =1 (202). The 

number of sections to be examined was calculated in order to satisfy a two- 
sided f-test with a power l-p=0.90, a two sided a=0.05 to detect a 20% 

difference between the means. A pilot calculation gave the estimated df =1.5.

Statistical computations was done by repeat measurements analysis of 

variance, two sided unpaired z-test, and the M ann-W hitney test using the 

Statview™ version 4.01, and the SuperAnova™ version 1.11 programmes 

(Abacus Concepts, California, USA), for the Apple Macintosh® computer. 

Results are shown as (meaniSD).

2.2. Generation of Monoclonal antibodies

58



The methodology used was based on that previously published (203) and was 

performed with collaboration with Dr. R. James, Department of Surgery and 

the Animal House, Leicester University.

2.2.1. Immunisation protocol

1- (M Fl x Balb/C)F1 mice were pre-bled from the tail to obtain control 

serum.
2- They were injected subcutaneously at the base of the tail, with 25fig of the 

membrane protein prepared with H unter's TiterM ax adjuvant (Sigma). 

(2 .2 . 1. 1.).

3- After three weeks, mice were injected intraperitoneally with 25u.g 

membrane protein (without adjuvant) dissolved in 200jiU PBS.

4- Serum was obtained from tail bleed after 7 days, and tested for response.

5- If good response: proceeded as in 6 below. If inadequate response, 2 more 

injections (2 weeks apart) as in 3 above, were repeated.
6- 12 weeks after the initial immunisation, a boost with lOpg of antigen in 

200pl of PBS was injected intraperitoneally.

7- 3 days later, the animals were culled, and a blood sample and the spleen 

were removed.

2.2.1.1. Preparation of the Antigen-Adjuvant mixture

Membrane preparation

This was prepared using a modified protocol (204, 205) as follows:

Curettings from endometrial tissue were homogenised in phosphate-buffered 

saline, pH 7.4 (PBS) using an ultra Turrax homogeniser at 0°C at a low speed. 

Homogenised tissue was centrifuged at 400g, at 4°C for 10 minutes. The 

supernatant was further centrifuged at 15000g, 4°C for 45 minutes. The 

supernatant was again centrifuged at 70000g , at 4°C for 45 minutes and the 

resulting pellet was resuspended in buffer and referred to as membrane 

preparation. The protein concentration was checked using the standard 

Bradford assay (Appendix 4) .

Mixing the Adjuvant

1- Antigen was concentrated to 1 OOjixg/100jj.1 in PBS buffer.
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2- lOOjig of antigen was added to 125jil of adjuvant to make 1 5 0 jll1.

3- This was hardened by mixing using a needle and syringe, and used for 
immunisation.

2.2.I.2. Fusion Protocol

Splenocytes were fused to the NSO Mouse Myeloma cell line which is a non- 

Ig-secreting, non-light chain-synthesising subclone of NSI (P3-NSI/l-Ag4-l). 
These cells are resistant to 10|iM azaguanine and die in the presence of 

Hvpoxanthine-Azaserine or Hypoxanthine-Azaguanine-Thymidine medium. 

Cells are maintained in culture at 3-9 x 105 cells/ml, in 5% CO2 at 37°C.

Material

- W ashing medium (WM): 50:50 DMEM (Dulbecco's modified Eagle 

medium, Sigma): RPMI-1640 (Sigma) with Pen/Strep, L- Glut, Hepes, Na 

pyruvate.

- Final suspension medium: As above with 15% FCS (Foetal Calf Serum, 

Sigma) and lx HA

- HA: Hypoxanthine Azaserine (x50), (Sigma).

- Polyethylene glycol (PEG), (50% PEG 1500 v/w in 75 mM Hepes, pH 8.0, 

Boehringer Mannheim).

Method

1- NSO mouse myeloma cells were set up in tissue culture flask (T80), 

(Nunclon™, Nalge Nunc International, Denmark), 2-3 days before fusion, and 

kept in log growth phase.

2- On the day of fusion:

a- Water bath was set to 41°C. 
b- 10ml WM and PEG were warmed.

c- The removed spleen was teased apart using fine sterile forceps, and pushed 
through a 106ji sterile mesh using a syringe plunger handle. Cells were 

washed through using WM.

d- Cell were centrifuged at 400g (1300rpm) for 10 minutes, 

e- Cells were re-suspend in 20ml WM.
f- Lymphocytes were counted after staining with trypan blue (usually 100- 

200x106 cells), and left on ice.
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g- NSO cells were suspended in culture and counted after staining with trypan 
blue.

h- Cells were re-suspended in WM after centrifugation at 400g for 10 minutes, 

j- Splenic cells and myeloma cells were mixed in a ratio of 4:1 in a 50 ml tube 

and then spun at 400g for 10 minutes.

k- The pellet was isolated and placed in an insulated beaker of water at 41°C.
1- 800ul PEG was added over 1 minute, and stirred with a 1ml pipette for 1 

minute.

m- While stirring at 41°C, the following volumes of warm WM were added: 

lml over 1 min 

lml over 1 min 

2ml over 1 min 

6ml over 2 min 

n- Cells were spun down at 400g for 10 minutes.

o- Cells were re-suspended in final suspension medium to give 2xl06 splenic 

cells per well. Peritoneal macrophages from (MF1 x Balb/C)F1 mice were 

added making up the volume to 2ml per well.

p- Cells were plated in 24 well plates (P24, sterile tissue culture treated

polysterene multi-well plates, Sigma) and incubated at 37°C.

q- After 24-48 hours, wells were fed by replacing lm l of medium with lml of

fresh final suspension medium.

r- Thereafter, cells were fed 3 times/week.

2.2.1.3. Limiting dilution cloning and monoclonal production

Hybridoma cells were harvested from P24 or T25 in log growth phase and re

suspended. They were subsequently counted after staining with trypan blue, 

which also established viability. Depending on the number of cells, dilutions 

were calculated to give 10-30 cells per ml. Cells were subsequently re-plated 
out at lOOpl per well, i.e. 1-3 cells per well in P96 (48 wells per dilution), in 

medium containing 15% FCS.

Each dilution was plated out at lOOpl per well with mouse macrophage feeder 

layer [Macrophages obtained from (MF1 x Balb/C)F1 mice]. After 4-5 days 

colonies were clearly visible, and the wells were scored for single and double 
clones by microscopy on day 5-6. Each well was then fed with IOOjllI of fresh 

medium containing 15% FCS. On day 10-14, when the medium was just 
beginning to turn yellow, lOOpl of supernatant was harvested into a new
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sterile P96 from all wells containing single clones, and was tested as 
previously.

Positive single clones were transferred from P96 to P24 in 0.5-lml fresh 

medium containing 15% FCS. Original P96 wells were re-fed with medium 
containing 10% FCS.

Cells were grown and expanded as necessary from P24 to T25 and the 

supernatant was re-tested. Cells from positive clones were stored in liquid 

nitrogen, and the supernatant was stored in sterile tubes at 4°C.

2.2.1.4. Freezing and thawing

For freezing, cells were pelleted by centrifugation, and the pellet was 

resuspended in 0.5ml of medium (9 parts FCS, 1 part dimethyl sulfoxide, 

Sigma) at 4°C. The suspension was transferred in a freezing vial to -70°C for 

24 hours before storing in liquid nitrogen. Thawing was carried out in a 37°C 

bath, then 10ml of cold 10% FCS-DMEM was added and the cells pelleted by 

centrifugation and resuspended in fresh medium.

2.2.1.5. Large scale production of monoclonal antibody

Before induction of ascites, mice were inoculated intraperitoneally with 0.5ml 

of pristane (2,6,10,14-tetramethyl-pentadecane, Sigma). 4 weeks later, about 

107 cells were suspended in 0.5ml of medium and injected intraperitoneally. 

Accumulating ascites was removed by repeat "tapping".

2.2.2. Testing for antibody production and specificity

Between day 11-14, when cells cover >40% of the bottom of each P24 well, 

and when the medium is just beginning to turn yellow, lml sample of the 

supernatant was harvested from each well and tested for specific antibody, and 

wells were re-fed using lml of medium with 15% FCS with added HA. 

Testing was performed using positive and negative controls from mouse 
serum, and tissue culture medium respectively, and results were obtained 

within 48 hours.
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Antibody producing wells were duplicated, and the original well was fed on 

HA medium, and the duplicate well was fed on the same medium without the 

addition of HA. Cells were grown and expanded into T25, and cultures were 

maintained at 2-9xl06 cells per ml and, as soon as possible after re-testing, the 

supernatant positive wells were cloned. Two or three ampoules of cells were 

frozen in liquid nitrogen for storage.

Testing was performed by IHC on formalin fixed paraffin embedded tissue 

sections that was collected from proliferative and secretory endometrium from 

uteri removed for non-endometrial pathology. IHC followed the standard 

protocol (2.I.5.2.I.),

2.2.3. Characterisation of the antigen

Partial characterisation was performed by IHC examination of antigen 

expression in the endometrium in the menstrual cycle, and also the expression 

in other body tissues. The molecular weight was determined by Gel 

electrophoresis and Western blotting.

2.2.3.I. SDS ■ Polyacrylamide Gel Electrophoresis (SDS - PAGE)

A 10% Gel was prepared as follows:

1- The vertical glass plates of the apparatus (M initube cell, BioRad 

Laboratories Ltd, Hertfordshire, UK) were cleaned and assembled.

2- Reagents were added in following order and volumes:

30% Acrylamide/0.8% bisacrylamide in deionized water 
(Ultrapure, Protogel, National Diagnostics, Atlanta,
Georgia, USA)
2.0 M Tris (pH 8.8)
Water
10% SDS (Sodium dodecylsulfate)*
10% Ammonium Persulfate*
TEMED*

*Reagents from Sigma.

3- Reagents were mixed and swirled and rapidly poured into the gap between 

the glass plates. The solution was overlaid with distilled water.

6.7ml
3.7ml
9.6ml
200pl
134JJ.1

14jil
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4- The gel was left to polymerise (about 30 minutes), the distilled water layer 

was removed. The stacking gel (6%) was prepared by mixing the following:

30% Acrylamide/0.8% bisacrylamide 1.65ml
1.0 M Tris (pH 6.8) 1.25ml
W ater 6.85ml
10% SDS* IOOjllI
10% Ammonium Persulfate* IOOjj.1
TEMED* IOjliI

*Reagents from Sigma.

5- Reagents were mixed and swirled, and rapidly poured onto the surface of 

the resolving gel, and a clean Teflon comb inserted into the solution.

6- The samples were prepared by dilution 1:1 in SDS gel-loading buffer 

(Appendix 1) and then heating to 100°C for 3 minutes to denature the protein.

7- After complete polymerisation, the comb was removed and the gel 

adjusted and mounted in the electrophoresis apparatus. Tris-glycine 

electrophoresis buffer (Appendix 1) was added to the top and bottom 

reservoirs avoiding air bubbles.
8- 25JJ.1 of each sample was loaded into the wells.

9- The first left hand side well was loaded with the same volume of molecular 

weight standards [Fluorescent High Molecular W eight Standard (MW 20,100- 

205,000), F3526 Sigma]. Calibrated for:

Molecular Weight: 20,100
29.000 
39,800
66.000 
116,000
205,000

10- The electrophoresis apparatus was connected across a 60 mV current 

(BioRad Model 3000xi) till the dye moves through the resolving gel to reach

about 1cm from the bottom (about 3 hours).

2.2.3.2. Western blotting

Was performed as follows:

1- A piece of nitrocellulose filter (Hybond C, Amersham, Buckinghamshire, 

UK) matching the size of the gel was soaked in deionized water, and six
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corresponding pieces of W hatman 3MM paper (Whatman Ltd, UK) were 

soaked in transfer buffer (Appendix 1).

2- The SDS-PAGE gel was removed from the electrophoresis apparatus, 

briefly washed in deionized water, and placed on top of the nitrocellulose 

filter, and both were sandwiched between the 6 pieces of Whatman paper, and 

all were placed between the electrodes of the transfer apparatus (SDS-Page 

towards the cathode).

3- Electricity was connected, and the current was applied at l l mV for 24 

hours.

4- The nitrocellulose membrane was removed.

2.2.3.3. Immunodetection

1- The removed nitrocellulose membrane (2.2.3.2.) was washed twice in 

deionized water and incubated for lhour in blocking buffer (5% BSA in TBS 

+ 0.5% Triton-XlOO) at 37°C, with gentle agitation.

2- The membrane was washed in washing buffer (0.5% Triton-XlOO in TBS) 

for 20 minutes at 37°C, the procedure was repeated again twice (10 minutes 

each) after renewing the buffer.

3- The monoclonal antibody was added at a concentration of (1/500) in 15ml 

o f TBS with 1% BSA, and incubated for lhour at 37°C with gentle agitation.

4- Washing was repeated as in 2.

5- Secondary antibody, biotinylated F(ab')2 fragmented sheep anti-mouse IgG 
(B4765, Sigma) was added at 1:2000 diluted in 15ml TBS with 1% BSA, and 

incubated for lhour at 37°C with gentle agitation.

6- Washing was repeated as in 2.

7- The membrane was incubated in tertiary antibody (monoclonal anti

sheep/goat peroxidase linked, Sigma) diluted to 1:3000 in approximately 15ml 

TBS with 1% BSA, for lhour at 37°C with gentle agitation.

8- Washing was repeated as in 2 using distilled water.

9- The membrane was developed and photographed using ECL reagent as per 

manufacturers instructions (RPN2105 Amersham).

10- The MW standards were used to identify the molecular weight(s) of the 

developed bands.
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Figure (2.1.)

Diary cards used in this study w ere sim plified to ensure com pliance and reduce chances o f 
error, data was verified when w om en attended their regular check-up.
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Criteria No. of women
High cestradiol (>30pg) 9
Changed her mind re participating 6
Age below or above specified 3
Lost to follow up 3
Administrative 1
11 months postmenopausal 1
Entry biopsy not performed 1
Contraindication to cHRT 5
Elevated liver enzymes 2
Developed thrombophlebitis 1
Bowel cancer 1
Total 33

Table (2.2.)

R eason for not being enrolled into the study follow ing screening.

Primary reason for withdrawal Total %
Period related 6 4.5%

Heavy bleeding 5
Not want periods 1

Side effects 11 8.3%
Fluid retention 3
Lack of efficacy poor symptom control 3
Skin rash whilst on therapy 1
Breast tenderness I
Depression 1
Dysmenorrhea I
Headaches 1

Administrative 8 6.1%
Declined end biopsy 3
Poor compliance 3
Lost to follow up I
Changed address unable to attend 1

Other 3 2.2%
Breast cancer 1
Superficial thrombophlebitis I
Widespread cancer I

Total 28 21.3%

Table (2.3.)

The prim ary reason for withdrawal after enrolm ent into the study (percentage calculated from 
total num ber enrolled). Only 4.5% withdrew because o f b leeding related problems.

67



Feature Mean

Age 53.4 years (range 44.2-61.5)

Parity 2.3 (range 0-5)

Weight 67.9 kg (range 48-96)

Height 160 cm (range 144-177)

BMI (kg/m2) 26.3 (SD=4.3)

Duration of postmenopause 40 m onths1 (range 12-240)

Table (2.4.)

C haracteristics o f the 103 women who com pleted 6  m onths on cH RT. 
1 M edian

Endometrial
histology

Pre
enrolment

Final
biopsy

Timing of final biopsy

>dav
21

Day
27-29

Day
30-32

Other

Insufficient 20 8 1 6 1 1 0

Atrophic 54 1 0 0 0 l 2

Inactive 23 4 0 43 0 0

Secretory 0 89 9 75 2 34

Proliferative 6 1 15 0 0 0

Total 103 103 11 85 3 4

1 Tw o o f these also exhibited endocervical epithelium  
- S topped treatm ent prior to biopsy
3 Non bleeders
4 W ithin 2 days o f day 28 but cannot be exactly identified
5 Taken on day 13 of the cycle

Table (2.5.)

H isto log ical classification o f  the biopsies ob ta ined  at the beg inning  and at the end o f the 
study. A t the end o f the study there was only one pro liferative endom etrial sample, and this 
w as take during the oestrogenic phase. All adequate  sam ples that w ere optim ally timed 
exhibited  secretory endometrium. There were no cases o f  endom etrial hyperplasia or cancer.
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Bleeding Pattern 

Classification

No. Timing of biopsy 

in relation to day 

of bleeding in 

biopsy cycle

No. Histological

assessment

No.

All Biopsies (n=103)

Early Bleeders 49 <v A fter onset 32 Insufficient 6

Secretory 26

Before onset 15 Insufficient 1

Secretory 14

Late Bleeders 50 A fter onset 4 Insufficient 0

Secretory 4

Before onset 43 Insufficient 1

Secretory 42

Not known 3 Secretory 3

Non Bleeders 4 Not applicable 4 Inactive 4

Day 27-29 Biopsies (n=85)

Early Bleeders 39 A fter onset 28 Insufficient 5

Secretory 23

Before onset 11 Insufficient 1

Secretory 10

Late Bleeders 42 A fter onset 3 Insufficient 0

Secretory 3

Before onset 39 Insufficient 0

Secretory 39

N on Bleeders 4 Not applicable 4 Inactive 4

( ] Includes one biopsy perform ed on day 13 o f  cycle (proliferative endometrial histology) and 
one patient who term inated treatm ent prior to biopsy (atrophic endom etrial histology).

Table (2.6.)

T he histo logical classification o f the endom etrium  from  wom en on cHRT in relation to the 
b leeding pattern. O f the early bleeders, 32 biopsies w ere obtained after the onset o f bleeding 
and o f  these, all the 26 sam ples that w ere sufficien t for h istological exam ination exhibited 
secretory  features. O f the biopsies taken betw een day 27-29 in the early bleeders group 
( n = 39), 11 were obtained before the onset o f bleeding, 10 o f which were secretory. In the late 
b leeders group, 39 biopsies were obtained before the onset o f bleeding, o f these 33 were 
secretory.
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Chapter 3

Endometrial bleeding pattern

3.1. Introduction

Hormone "withdrawal" bleeding characterises cyclical combined HRT 

regimens (cHRT). In order to establish the value of bleeding as a marker of 

the adequacy of the hormone regimen, the bleeding pattern on cHRT was 

exam ined and linked to endom etrial histology, and to the patients' 

demographic characteristics. The bleeding pattern was also analysed with 

reference to the pattern experienced by women in the natural cycle.

3.1.1. The bleeding pattern in the normal menstrual cycle

The variability in the length of the normal menstrual cycle is well recognised 

(Table 3.1.). A large study (206) on 30655 cycles recorded by 2316 women 

reported an overall mean & SD of 29 .1±7.46 days. Cycles between 15-45 days 

long accounted for 95% of these and had a mean & SD of 28.1±3.95 days. The 

highest variability in cycle length was for women <25 years old, and the 

lowest between the ages 35-39, and only 13% of women had a range of cycle 

length of less than six days. 12.7% of women with spontaneous cycles have 

'irregular' cycles (defined as those in whom no median cycle length could be 

defined over one year of observation), and a maximum variation of more than 

14 days occurs in 30% of'regularly' menstruating women (207). Many factors 

including weight, physical activity, and stress influence cycle length (208). 

The reported wide variability persists even after anovulatory cycles and early 
miscarriages are taken into account (209).

3.1.2. The duration of the luteal phase

The wide variability in the length of the menstrual cycle is not matched by 

variability in the length of the luteal phase, which is consistently close to 14 
days (mean & SD, 14.13± 1.41 days) (210). This is dictated by the life span of 

the corpus luteum (7 days), and by the length of time from the onset of corpus 

luteum demise till the onset of menstruation. The small range of variability 

here, indicates that the pre-determinants of menstruation in the physiological
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cycle are precisely controlled, although the range of intra-individual 
variability remains unknown.

Very few factors are known to affect the duration of the luteal phase. 

Strenuous exercise, possibly confounded with weight loss (211), and young 

and old age (between 18-24 and 45-50 years) (210), are associated with a short 

luteal phase. This contrasts with the overall increase in cycle length associated 

with these factors (208, 212). Thus, the wide range of variability in the natural 

cycle is mostly accounted for by variability in the duration of the follicular 

phase.

3.1.3. Bleeding on oral contraceptive pills

The hormone withdrawal bleeding cycles induced by high dose (50pg ethinyl 

oestradiol/day) oral contraceptive pills are more regular than those observed in 

natural cycles, and are also characterised by being lighter and by a low 

occurrence of breakthrough bleeding (213). Cycles in users of low dose 
preparations (30-35ug ethinyl oestradiol/day), are less well controlled, and 

may be missing in 0.6-8% of women (213). Cycle control is also influenced 

by the type of progestogen although the distinction is not as clearly defined 

(214).

3.1.4. Bleeding on cHRT

It is not possible from available data to fully explain the reported discrepancy 

in cycle length within a regimen (160) or between regimens (159). These 

differences may be attributable to the different oestrogenic or progestogenic 

components, or to both, however, research focused on the latter. Little 

information is available, but one study reported that women taking 'stronger' 

progestogens start to bleed later com pared to those receiving ’weaker' 

progestogens (79). Cyclic medroxyprogesterone acetate (MPA) added to 

oestradiol valerate (EV) results in shorter cycles compared to desogestrel and 
EV(184). Also, withdrawal bleeding started after 3.1±2.2 days of the end of 
250 |iig levonorgestrel (LNG), and 0.4±3.2 days after the end of lOmg MPA, 

when each was added for the last 10 out of 21 days of 2mg EV (215).

The intra-individual variability which causes low compliance (1.9.2), cannot 

be explained based on available evidence. A higher incidence of proliferative 
endometrium in women with short cycles, was reported in one study (79), but
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not others (80, 184). Findings that have been reported include proliferative 

endometrium in women with regular cycles (79), and the absence of 

histological differences between the groups that had long or short cycles (184, 

215), these are difficult to explain.

3.1.5. The duration of bleeding

There is very little research into the variations in the duration of menstrual 

flow in natural cycles, and only few studies on the duration of bleeding on oral 

contraceptives (216). The average duration of bleeding in the natural cycle is 

about 5 days, with 90% of cycles falling within the range of 2-7 days (217). 

Geographical (218, 219) and age related (220) variability have been reported. 

The duration of bleeding is also influenced by body weight and by other 

factors that influence the length of the cycle (208, 221). No work has 

addressed the duration of cHRT induced bleeding.

3.2. Aim: Bleeding as a marker of endometrial function

Bleeding represents the clinical m anifestation of steroid action on the 

endometrium. Steroids also affect endometrial histology, and - at least in the 

physiological state - these two actions are linked. Evidence of this link in 

postmenopausal women treated with cHRT, is strong, but may not be uniform. 

The question raised is whether the same, or different, histological features are 

linked to bleeding in cHRT as those that precede menstruation in the 

physiological cycle.

3.3. Material and methods

3.3.1. Study population and regimen

The study population was described previously (2.1.1). All women received a 

cHRT (2.1.1.), and kept daily records of bleeding and of the intake of tablets 

(2.1.1). The final assessment visit was planned to be during day 27 or 29 of 

cycle 6, when an endometrial biopsy was performed.

3.3.2. Bleeding episodes: records and description

The following definitions were used:
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- Spotting: any vaginal blood loss not requiring sanitary protection.

- Bleeding: any vaginal blood loss requiring the use of such protection as pads 

or tampons.

- A period: is at least two consecutive days during which blood loss (bleeding 

or spotting) was entered on the calendar record and that was bounded by more 

than one bleeding/spotting-free day.

- Breakthrough bleeding: any bleeding or spotting episode that occurred 

between consecutive periods and that was separated from the period days by 

more than one bleeding/spotting-free day.

For the purpose of this analysis, the day of commencement of the oestrogen 

was taken as the fixed point of reference. Thus a cycle starts on the day of 

commencement of oestrogen till the day of onset of bleeding, and the length of 

the progestogenic phase was calculated from the day of commencement of 

progestogen till the day of onset of bleeding.

3.3.3. Analysis of bleeding

In order to study the behaviour of each woman, data will be analysed by 

taking 'each woman' as the unit of analysis (222), considering the number of 

women with a particular cycle length or bleeding duration. Data will also be 

analysed using the 'cycle' as the unit, presenting data as the percentage of 

cycles with a given length, duration etc. This approach is favoured to the 

alternative of using the reference period methods (223), which do not yield 

themselves to longitudinal study of cyclicity.

3.3.4. Sample size

The sample size and statistical analysis was referred to previously (2.1.7.).

3.4. Results

3.4.1. Patient description

The characteristics of the 103 women who completed the six months on cHRT 

has been detailed previously (2.1.1. and Table 2.4.).
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The characteristics of bleeding divided the women into three groups. Four 

patients did not experience any bleeding and were termed 'non-bleeders' (NB), 

49 women had a mean cycle length of <29 days, termed 'early bleeders' (EB) 

and 50 women bled on or after day 29, termed 'late bleeders' (LB) (3.4.2.), 

Their demographic characteristics are detailed in Table (3.2.). There was no 

statistically significant difference between early bleeders, and late bleeders, in 

respect to the duration of the menopause, weight, height, BMI, systolic or 

diastolic blood pressures or in the number of cHRT preparations they used in 

the past.

3.4.2. The bleeding pattern

The last cycle for all patients was excluded in order to avoid over representing 

short cycles. There were 475 completed cycles, data was missing in 8 cycles 

and in 32 instances there was no bleeding, 20 of which were from 4 women. 

The frequency distribution of the duration of the luteal phase in all individuals 

is demonstrated in Figure (3.3.) The mean length of the luteal phase in all 

cycles was 12.7±2.62 days and the median was 13 days (range=l-23). Out of 

these 475 cycles, 171 (36%) commenced before day 13, and 304 (64%) 

commenced on or after day 13.

The frequency distribution of the duration of bleeding in all individuals is 

demonstrated in Figure (3.4.). The mean duration of bleeding in all cycles was 

5.9±2.33 days and the median was 5 days (range=l-23). There was a negative 

correlation between cycle length and the duration of bleeding (Figure 3.5., 

Figure 3.6.). A mean onset of bleeding on day 29 or later was associated with 

less cycle to cycle variability (Figure 3.7., Figure 3.8.). The mean cycle length 

for those who bled before day 29 was 27.0±2.3 days, and for those who bled 

on or after day 29 was 30.4±1.3 days. The significant difference between the 

cycle lengths in the two groups was consistent when all the cycles were 

considered (p<0.0001, F value 161.7, repeat measurements ANOVA) (Figure 

3.9.). Of the women who had a mean cycle length of <29 days (n=49), only 6 

had a SD of <1. The mean cycle length in these 6 patients was 24, 24.8, 26, 

26.6, 26.6, and 27 days. Thirty patients in this group had a SD of <2 days. Of 

the women who had a mean cycle length of 29 days or more (n=50), 39 had a 

SD of <1 day, 45 had a SD of <2 days, and 5 had a SD of >2 days. The mean 

cycle length of these 5 patients was 29, 29.2, 29.6, 29.8, and 31.4 days. 
Twenty nine out of this group had a range of variability between the shortest 

and the longest cycle of 0 or 1 days, and 10 had a range of two days, and 4 had
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a range of 3 days. Seven out of the 49 women who bled early, had a range of 

variability of 2 or less days, and 11 had a range of 3 days.

EB exhibited a significantly longer duration of bleeding (p<0.0001, F value 

19.702) and had a higher TotalBS than LB (p<0.0001, F value=22.3). These 

differences were consistent throughout the treatment cycles (Figure 3.9.). 

However, there was no significant difference in the AverageBS or in the 

incidence of spotting (3 in each group).

There was a significant difference between the standard deviations of the 

cycle lengths (a measure of cycle variability) of EB and LB (mean±SD 1.996 

±1.061 and 0.865±0.861 respectively, p<0.0001).

There were 26 women who smoked, 4 of whom did not bleed, 18 were EB and 

4 were LB. Amongst the smokers, the average number of cigarettes smoked 

per day by EB was 16.4, by LB was 9.25 and by NB was 18. Excluding the 

non-bleeders, the mean cycle length for all smokers, (27.7±2.045 days), was 

shorter than for non-smokers (28.9±2.136 days), the difference was 

statistically significant (p=0.0219, Fisher exact test). EB as a group, smoked 

significantly more cigarettes than LB (p<0.0002). NB (n=4) smoked an even 

higher mean number of cigarettes per day, and the difference between NB and 

LB was statistically significant (p<0.003, Student r-test).

3.5. Discussion

Women who bled whilst using the same cHRT regimen responded in two 

distinct bleeding patterns : the first is the group of "late bleeders" who bleed at 

or later than day 29 of the cycle, their cycles were less variable, as 

demonstrated by the narrow standard deviation and by the small cycle to cycle 

variability. This group also bled for a shorter duration and had a lower 

TotalBS per cycle. The second group of "early bleeders" had cycles shorter 

than 29 days. These women exhibited a wide range of variability in cycle 

length, a longer duration of bleeding and a larger amount of blood loss. The 

two patterns of response point to differences in the mechanisms of cycle 
control. Whilst the first group is more reminiscent of menstrual bleeding in the 

physiological cycle, there is no obvious analogy to early bleeders, who bleed 

early and for a longer duration.
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The wide range of biological variables that affect and contribute to the 

observed cycle variability in the natural cycle, are not operational in cHRT 

induced bleeding. Therefore, one cannot extrapolate a range of normal 

variability from natural cycles that could be applicable to cHRT induced 

bleeding. Indeed, it could be argued that cHRT induced cycles, in as far as 

they are drug regulated, should be under tighter control, and should be subject 

to a narrower range of variability both between individuals and within cycles 

of the same individual.

This study demonstrated that a shorter duration of bleeding characterises 

longer cycles, which may be a reflection of better hormonal balance, and 

contrasts with the more prolonged bleeding associated with short cycles. In 

contrast to studies on natural cycles, there were no significant differences in 

factors of weight, height, BMI, age or parity between EB and LB, which 

indicated that factors affecting cycle control in the two states are different.

The statistically significant difference in smoking habits, between LB and EB, 

and between LB and NB (albeit a small group) is striking. Women who smoke 

were shown to have an earlier menopause (224, 225). The lower incidence of 

breast cancer, and of endometrial cancer (226, 227), and the higher risk of 

osteoporosis (228) in smokers, have been attributed to anticestrogenic 

properties of cigarette smoking and may be a reflection of a lower level of 

circulating oestrogen (229). The "cestradiol-2-hydroxylation pathway", which 

irreversibly metabolises oestradiol to inert catechol oestrogens. has been 

demonstrated to be higher in smokers as compared to non-smokers and has 

been proposed as a possible underlying factor for the hypo-oestrogenic state 

(230). A ltered oestrogen m etabolism has also been demonstrated in 

postmenopausal smokers receiving HRT (231). The correlation between cycle 

characteristics and the smoking habits may reflect the significance of the 

oestrogenic priming of the endometrium in relation to the day of onset of 

bleeding in cHRT regimens. Relative hyperandrogenism has been proposed as 

an alternative mechanism underlying the antioestrogenic properties of smoking 

(232). The influence of this, if any, on the bleeding pattern is unknown.

The lower than expected drop-out rate attributable to bleeding in this study 

was fortunate, as it reduced the effect of selection bias. This allowed a unique 
opportunity to investigate the endometrial response in a model that combined 
m enstrual-like control with early bleeding. This response appeared to be 

patient specific and may be a reflection of a critical hormonal balance.
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A key observation is that patients using the same cHRT regimen had a 

different response to treatment, and the study suggests a different end organ 

response, and/or possibly different effective hormone levels.
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Study Age group Mean cycle 
length (days)

SD of cycle 
length (days)

Treloar et al. (212) 30 29.3 3.2

Chiazze et al.(206) 25-29 29.4 6.5

Vollman (233) 30 29.6 5.9

Table (3.1.)

The m ean and SD o f cycle length in young w om en, quoted in d ifferent studies. The normal 
m enstrual cycle is characterised by a wide variability in cycle length as dem onstrated by the 
w ide standard deviation, although the overall m ean approaches the 'typical' 28 day cycle.
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Study population groups

Mean (SD)

Characteristic Late-bleeder

(n=50)

Early-bleeder

(n=49)

Non-bleeder

(n=4)

P

Age 54 .3  (44.2-61.5[ ) 52.7 (46.4-60 *) 52.8 (51-56.31)

Weight (kg) 67.9(10.5) 6 8 .5 (1 3 .6 ) 60 .7 (10 .2 ) 0.81

Height (cm) 159.2 (6 .8 ) 161.4 (6.32) 160.2 (7.6) 0 .2

BMI 26.7 (3.8) 26.2 (4.8) 23.5 (2.2) 0.55

Systolic BP 135.9(17.1) 132 .9(17 .3) 105 (17.3) 0.39

Diastolic BP 79.7(8.8) 80.2 (9.4) 6 9 (8 .1 ) 0 .8

Pulse 72.5 (9.0) 71.4 (7.6) 64.5 (5.2) 0.51

Pervious cHRT 2 0.9 (0 -3 1) 0.9 (0 -3 l ) 1.2 (0 -2 1)

Months since LMP 57.8 (16-1601) 52.3 (8 -2 4 0 l ) 45.7 (18-601)

No. of cigarettes /day 0.74 (3.2) 6  (9.2) 13.7 (12.5) 0 .0 0 0 2

Duration of bleeding 
(days)

5.03 (1.57) 6.53 (3.0) N/A

Total bleeding score3 7.89 (3.11) 11.05 (4.6) N/A

Average bleeding 
score4

1.6 (0.94) 1.58 (0.33) N/A

Table (3.2.)

D em ographic and cycle characteristics o f patients w ho had short cycles i.e. <29 days (early- 
b leeders), long cycles >29 days (late-bleeders), and the non-bleeders who experienced no 
bleeding on this regimen. The only statistically significant d ifference between the groups was 
their sm oking habits.

1 Range.
2 N um ber o f  preparations used in the past.
3 The sum  o f the bleeding score per bleeding episode.
4  The bleeding score per episode divided by the duration o f  bleeding.
P  value is the difference between early and late bleeders.
N /A  not applicable.
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Figure (3.3.)

T he frequency d istribution  o f the duration o f the progestogenic phase in all cycles where 
b leed ing  occurred  over the 6  m onths on cH R T, exclud ing  the six th  cycle (A ), and the 
cum ulative  frequency o f the duration o f that phase. The data suggest the presence o f a 
subgroup with shorter cycles.
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Figure (3.4.)

The frequency distribution of the duration o f bleeding in the first five cycles o f all except the 
non-bleeders. 74.5%  of women bleed for between 4-8 days.
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Figure (3.5.)

The correlation between the duration o f the progestogenic phase and the duration o f bleeding 
for each w om an. W om en whose bleeding com m enced later had shorter duration o f bleeding.
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Figure (3.6.)

The relation between the length of the progestogenic phase and the duration of bleeding for all 
cycles examined.
A- Early onset o f bleeding is associated with longer duration  o f blood loss.
B- T he correla tion  between the duration o f the p rogestogen ic  phase and the duration o f 
bleeding in each cycle.
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Figure (3.7.)

The relation between the mean cycle length for each w om an and her individual range of cycle 
lengths. A mean cycle length of 29 days divides these w om en into two groups: those who had 
shorter cycles (<29 days) and who had larger variability , and those who had longer cycles 
(>29 days ) and who had smaller variability.
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Figure (3.8.)

T he relation between the mean cycle length and the individual standard deviation. Women 
w ho had long cycles (>29 days) had smaller variability in cycle length compared to those who 
had short cycles (<29 days).
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Figure (3.9.)

T he relation between: (A) cycle length, (B ) the duration o f bleeding, (C) the TotalBS, and (D) 
the AverageBS in each treatment cycle for both EB and LB. The differences between EB and 
LB was consistent throughout the treatm ent cycles, and there were no significant differences 
within each group from cycles 1-5.
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Chapter 4

H istological assessm ent of the endom etrium  in the late
progestogenic phase

4.1. Introduction

The well defined histological changes of the endometrium are presumed to 

reflect sequential functional states i.e. proliferation, a state ‘receptive’ to 

implantation during the mid-luteal phase and the changes programming the 

endometrium to a menstrual 'bleed' after regression of the corpus luteum and 

hormone withdrawal during the late luteal phase (late-LP).

Little information is available concerning the response of the endometrium to 

exogenous sex steroids, particularly in the postmenopause. However, in order 

to produce more effective exogenous steroid treatment modalities, attempts 

have been made to correlate features of endometrial histology with the 

bleeding associated with cHRT. In the normal menstrual cycle, histological 

changes occur in the endometrium during the late-LP which may be associated 

with the onset of menstruation. Paradoxically, endometrial histological 

findings spanning the whole spectrum of atrophic, inactive, proliferative, early 

and late secretory and hyperplasia have been reported in women during the 

late progestogenic phase whilst on cHRT and exhibiting apparently normal 

bleeding patterns (79, 80). It is possible that histological changes in late-LP of 

normal menstrual cycle are not necessarily linked with bleeding, or that the 

mechanisms of bleeding associated with exogenous steroids in the dose ranges 

used in cHRT is different from those of the menstrual cycle.

Chapter (3) explored the bleeding pattern in women on a cHRT regimen 

(Reference 371). Here, the endometrial biopsies taken from the same group 

during the late progestogenic phase will be examined, and compared to 

biopsies obtained during the LP of the normal cycle.

4.1.1. Histology of the normal endometrium and under cHRT

Has been described previously (1.11., 1.12.3.4.).
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4.2. Aim of the study

The aim of this work is to determine whether features could be identified that 

are predictive of subsequent endometrial behaviour (i.e. bleeding), and to 
ascertain whether histological differences may underlie the different clinical 

response. If differences were to be identified, they will be useful for 

monitoring women's response to cHRT. The study will also clarify the role of 

endometrial morphology in the assessing the response to cHRT, and may thus 

have implications on the utility of the criteria traditionally used in endometrial 

assessment when applied to cHRT treated endometrium.

4.3. Material and Methods

4.3.1. Study population and regimen

The characteristics of study and control group, and the schedules used have 

been described previously (2.1.1., 2.1.2.),

Five groups were compared:

1- Late bleeders: The first ten biopsies from the LB group and from whom the 

biopsies were obtained between day 27-29 and before the onset of bleed in the 

sixth treatment cycle.
2- Early bleeders: The ten biopsies from the patients in the EB group from 

whom the biopsies were obtained between day 27-29 and from whom the 

biopsies were obtained before the onset of bleed in the sixth treatment cycle.

3- Early luteal phase biopsies from day 2-6 of the LP of the physiological 

cycle (n =10).
4- Mid luteal phase biopsies from day 7-11 of the LP of the physiological 

cycle (n =10).
5- Late luteal phase biopsies from day 12-14 of the LP of the physiological 

cycle (n =10).

4.3.2. Endometrial assessment

The biopsies were assessed qualitatively using the standard criteria (234), and 

quantitatively/semi-quantitatively.
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4.3.2.I. Feature analysis (Quantitative assessment)

Biopsies were examined to assess each histological feature, many of which are 

used in the classical descriptions for endometrial dating (70). The following 

features were examined using image analysis, as described previously (2.1.6.):

1- Epithelial height was measured and, the percentage of the luminal and of 

the glandular epithelium lined by each type of epithelium (cuboidal, low 

columnar, columnar, and pseudostratified columnar) and the percentage 

showing apical or basal vacuoles was estimated in 17 random hpf(x400), and 

the mean for each section was calculated.

2- The glandular diameter of 17 randomly selected glands was measured per 

section (x200) and the measurements converted to metric scale using a 

measurement grid.

3- The proportion of tubular and convoluted glands was calculated in a 

random selection of 20 glands per section.

4- The glandular density was counted in 17 random hpf(x400) per section.

5- The proportion of glands (out of 20 glands) containing luminal secretions 

was counted and the amount of secretion was graded using a semi-quantitative 

scale as minim al=l, moderate=2, and abundant=3. The amount of secretion 

was multiplied by the proportion of glands that was positive to obtain a 

’Secretion Score'.

6- The percentage of glands containing glandular invaginations (telescoping) 

was counted in the whole section.

7- The glandular apical margins were described as either smooth or irregular 

and the percentage exhibiting each feature was estimated in 20 glands using 

high power microscopy (x400).

8- The stromal cellular density was calculated by counting the number of 

nuclei in 17 random hpf (xlOOO) per section under oil immersion.

9- The presence or absence of decidualization and whether this feature is 

present in the upper 1/3 of the stroma, is diffuse or whether it is only present 

in a peri-vascular location was described.
10- The number of leukocytes per section was assessed semi-quantitatively on 

a grade of: minimal/few= 1, average=2, and heavy infiltrate=3.

4.3.3. Statistical analysis and sample size

Have been addressed previously (2.1.7.)



4.4. Results

4.4.1. Histological assessment

O f the 103 women who completed six months on treatment, 89 had secretory 

endometrium on final biopsy, and 75 of these were taken between day 27-29 

o f the treatment cycle. The four biopsies from non-bleeders were taken 

between day 27-29 and all had inactive endometrium. Of the 85 biopsies taken 

between day 27-29, 39 were from the early bleeders (EB), 42 were from the 

late bleeders (LB), and 4 were from non bleeders (NB) (Table 2.5, 2.6.). 

Biopsy material obtained prior to enrolment in 20 of the 103 patients who 

completed the study was insufficient for histological assessment and the 

endometrial specimens were assessed as either atrophic or inactive in 54 and 

23 cases respectively, and only 6 were assessed as proliferative, and there 

were no secretory endometrial specimens. Of the biopsies obtained at the end 

of the study, 85 (82.5%) were obtained during days 27-29 of the biopsy cycle. 

The end biopsy material was insufficient for assessment in only 8 cases (2 of 

these included endocervical epithelium), and no cases exhibited hyperplastic 

or neoplastic changes. In 89 (86.4%) of patients who completed the study a 

secretory histology was recorded. Of the patients whose biopsies were taken 

on days 27-29 (n = 85), all those who exhibited bleeding during the study 

period (« = 81), and from whom sufficient endometrial tissue was obtained 

(n=75), had secretory endometrium.

Seventy five out of the 85 biopsies which were taken between days 27-29 

exhibited secretory endometrium. Of these 33 were EB and 42 were LB. The 

pre-study biopsies of these 75 women exhibited atrophic endometrium in 41 

cases, inactive endometrium in 15 cases and proliferative endometrium in 3 

cases and was insufficient in 16 cases. Thus, in all (100%) these patients, the 

secretory endometrial histology was induced in response to cHRT. The pre

study endometrium in the four patients who did not experience withdrawal 
b leeding exhibited atrophic endom etrium  in one case and inactive 

endometrium in 3 cases.

4.4.2. Qualitative assessment

Although the majority of biopsies were classified as 'secretory' using the 
standard criteria, sections from cHRT treated women, which were classified as
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such, were characterised by wide variability as regards the uniformity of the 

'secretory' features. This was in contrast to the more uniform features 

exhibited by sections of secretory endometrial specimens obtained from the 

early-LP, mid-LP, and late-LP of the physiological cycle (Figure 4.1.-4.4.).

The glands featured variable development, some of which were well 

developed tubular or convoluted but others were of narrow and variable 

calibre. The epithelial lining exhibited a variety of secretory changes which 

ranged from glands with abundant supra-nuclear vacuolation to exhausted 

secretory changes, although these characteristics were poorly developed in the 

majority of cases. Most glands were lined with inactive or cubo-columnar 

epithelium. Few glands exhibited subnuclear vacuolation. Apoptotic bodies 

were sometimes seen. Glandular telescoping was noted in a large proportion 

(40%) of sections. In some cases glands appeared to be surrounded by an 

intense leukocytic infiltrate (Figure 4.4. a-i.).

The stroma featured small round or spindle cells, and although sometimes it 

exhibited well developed decidualization, this was often variable and 

sometimes absent. Stromal oedema or breakdown was apparent in some of the 

specimens. Vasculature was of narrow calibre sometimes with thin muscular 

wall but on occasions this was well developed. Dilated capillaries were often 

noted. Area to area dysynchrony as well as gland to stromal dysynchrony were 

seen to some extent in all sections examined. The presence of leukocytes in 

some sections was extensive but in others was difficult to distinguish (Figure 

4.4. a-i.).

Because of these discrepancies and in order to distinguish it from the luteal 

phase, the late progestogenic phase of cHRT treated endometrium was coined 

the late 'pseudolutzal' phase (late-PLP).

4.4.3. Quantitative and semi-quantitative assessment

The result of the quantitative and semi-quantitative analysis is shown in 

Tables (4.5.-4.10.).

Comparing the late-PLP between the EB and LB, showed no significant 
differences (Table 4.5.). Physiological cycle endometrium exhibited the 

expected cyclical changes (Table 4.6.). Since LB in whom biopsies were 

obtained before the onset of bleeding in the biopsy cycle and whose biopsies
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exhibited 'secretory endometrium' represent the equivalent of the late-LP 

endometrium of the natural cycle, comparison was made between these two 

groups (Table A.I.). The features seen in the endometrial epithelium, the 

glands and the stroma showed some differences. The luminal epithelium 

contained more cuboidal and pseudostratified and less low columnar and 

columnar cells. Glandular epithelial cells were also predominantly shorter, but 

contained more apical vacuoles. The glands were less numerous, and the total 

glandular area was smaller in cHRT treated endometrium. Individual glands 

were somewhat smaller on cHRT, but the difference was not statistically 

significant. The glands were also more tubular, less convoluted, and contained 

less luminal secretions, and the apical margins of the glandular cells were 

smoother than those found in the natural cycle. The stroma was less cellular 

than in the natural cycle, but there was no statistically significant difference in 

the degree of stromal oedema, haemorrhage or decidualization. Leukocytic 

infiltrate was significantly higher in the late-PLP.

Comparison between the LB in the late-PLP and the early-LP, mid-LP and 

late-LP (Table 4.7.,4.8.,4.9.), demonstrated that the late-PLP endometrium 

shared some features with the early-LP, e.g. the characteristics of the apical 

margins of the glandular epithelial cells, the incidence of pseudostratification 

in the luminal epithelium, and of low colum nar cells in the glandular 

epithelium, and the gland number. Some features were shared with the mid- 

LP, e.g. the incidence of apical vacuoles in the glandular and luminal 

epithelium. On the other hand, the high incidence of cuboidal cells, and the 

low incidence of low columnar and columnar cells were unique to cHRT 

treated endometrium. The stroma under the influence of cHRT contained 

some of the features of the mid-LP, but mostly exhibited features of the late- 

LP. EB exhibited the same differences when compared to the late-LP, as the 

LB (Table 4.10.).

4.5. Discussion

H istological features induced by exogenous horm ones acting on the 
endometrium are dependent on their type and dose. In relation to OCP these 

features are dissimilar to the physiological cycle, to the extent that histological 

dating criteria applicable to the normal cycle cannot be used. This study leads 

to a similar conclusion in relation to the late-PLP.
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All adequate biopsies obtained between day 27-29, from women experiencing 

regular cycles, were secretory as assessed by the standard histological criteria, 
and in all cases where diagnosable biopsies were obtained, the endometrium 

exhibited a histological response to cHRT except in those four patients who 

did not bleed. The presence of endocervical epithelium in two samples 

suggests that these were obtained from the juxta-cervical and non-responsive 

isthmic portion, rather than absent hormonal response, and argues against the 

possibility of endometrium that does not respond histologically yet exhibits 
cyclical bleeding as implied in the previous publications (79, 80).

Previous attempts to determine the relation between endometrial histology and 

the bleeding pattern on cHRT reached divergent conclusions. A proliferative 

endometrial biopsy on day 6 of the progestogenic phase was reported to 

indicate bleeding on or before day 10, and a secretory endometrial biopsy 

correlated with late bleeding on or after day 11 (79), but a recent study found 

no correlation between histology on day 10.8 of the progestogenic phase and 

the occurrence of bleeding before or after day 11 (80). In the present study, 

endometrial biopsies obtained on day 11-13 of the PLP (cycle day 27-29) 

exhibited secretory features by the standard criteria, irrespective of cycle 

length, which supports the lack of correlation. However, it also reveals that 

histological assessment according to the classical definition may be 

inappropriate when applied to cHRT.

The absence of statistically significant differences between biopsies from EB 

and LB who had not bled by the time of the biopsy, demonstrates that the 

difference between the groups is in the statistical probability of short or long 

cycles, rather than a difference between ‘early’ and ‘late’ bleeders per se, or in 

end organ response. This difference may thus be related to extra-uterine 

factors e.g. steroid uptake and metabolism, which may also exhibit temporal 

variation. Since cycle variability translates to unpredictable bleeding and low 

compliance, identifying these factors has significant clinical implications. This 

similarity indicates that biopsies from both groups be taken together as 
representative of 'long cycles' on cHRT, which will be followed in the next 

chapters.

The endometrium from the LP, exhibited high homogeneity which reflects a 

uniform  hormone effect, it also demonstrated the anticipated variations 
consistent with the postovulatory day. This contrasts with the cHRT 
endometria from the PLP which exhibited morphological heterogeneity within
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each section, and which may represent poor control of endometrial 
proliferation and differentiation.

Histological features of late-PLP endom etrium  differed significantly from 

those noted in late-LP. The glandular com ponent exhibited a mixture of 

features some of which are similar to the early-LP, mid-LP or late-LP, whilst 

others were unique and not normally found during the LP. The stroma 

exhibited relatively more advanced features. This supports the qualitative 

impression of glandular to stromal dysynchrony with cHRT, and suggests that 

there may be a disproportion between the doses and/or the effect of the 

oestrogen and the progestogen in this regimen (72). Comparing the histology 

from the group who experienced regular withdrawal bleeding whilst on cHRT 

to the endometrium of the late-LP, demonstrated that the main similarities 

were in the features of the stroma. This suggests that one or more of the 

stromal features may be important determinants of bleeding. It is interesting 

that endometrial samples obtained after the onset of bleeding on cHRT 
exhibited secretory features. This may be explained by patchy endometrial 

maturation/shedding, which, in turn, may be related to the fact that hormone 

administration in this regimen was continued to complete the 12 days of 

combined treatment irrespective of the occurrence of bleeding, and that the 

vast majority of these biopsies were obtained within 1-2 days after the onset of 

bleeding.

This study demonstrated the dissociation between the classical histological 

features and the occurrence of bleeding. This dissociation between 

morphology and function raises important questions concerning the utility of 

traditional histological classification in the assessment of the different states 

of the endometrium under cHRT. This conclusion is supported by the 

previously described discrepancy between endometrial histological features 

and immunohistochemical markers (235, 236). It also indicates the need to 

examine known correlates of function, and to discover new parameters. For, it 

is only if such correlates are known and measured can we adequately monitor 
current preparations and design new ones.

The hypothesis is thus advanced that functional markers may be more 

predictive of endometrial behaviour. In the following investigation, known 
functional markers in the different endometrial compartment - the glandular 

epithelium, the stroma, and the vasculature - will be examined in relation to 

endometrial behaviour and bleeding.
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Figure (4.1.)

H em atoxylin-eosin stained section from the early-LP endom etrium  (low and high power), 
exhibiting  uniform  secretory features consistent w ith the phase o f  the cycle. G lands are 
tortuous and o f  narrow  calibre. The strom a is abundant and loose with focal oedema (O). The 
glandular ep ithelium  is form ed o f colum nar cells that contain basal subnuclear vacuoles 
(arrow) which displace the nuclei from their basal position, (scale=0.1mm).
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Figure (4.2.)

H em atoxylin-eosin  stained section from the m id-LP endom etrium  (low and high power), 
exhibiting uniform  features. The secretory vesicles shift towards the lumen displacing the 
nuclei tow ards the base o f the colum nar epithelial cells. The stroma is loose and exhibits the 
maximal degree o f stromal oedema.
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Figure (4.3.)

H em atoxylin-eosin  stained section from the late-LP endom etrium  (low and high pow er), 
exhibiting exhausted glands. The glands are numerous and exhibit a saw toothed appearance. 
Secretory glands have a large basal nuclei with fine chromatin, cells lose their glycogen into 
the lumen. The stromal oedema regresses, and early predecidual reaction (d) appears. There is 
an increased leukocytic infiltrate (arrows).
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Figure (4.4. a-i)

H em atoxylin-eosin  stained sections from the late-progestogenic phase o f  cH RT endometrium 
(low  and high pow er), exhibiting wide variability as regards the uniform ity o f the secretory 
features. G land developm ent is variable, a few are well developed tubular or convoluted but 
m ost are o f  narrow  calibre. The glands are less convoluted, narrow , and less frequent with a 
reduced  g lan d /s tro m a ratio. The m ajority  o f  g lands exh ib it low  co lum nar or cuboidal 
ep ithelium  w ith m inim al o r low secretory activity, but a few have abundant supra-nuclear 
vacuolation  or exhausted  secretory changes. The strom al is dense w ith m inim al cedema, 
decidualization is patchy, and there is excessive leukocytic infiltration

Som e o f the glands exhibit com plex telescoping, and it is possib le  that this feature be a 
reflection o f  steroid imbalance (237).
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Figure (4.4. a)

V ariable size glands, lined by cuboidal or low colum nar epithelium, under cHRT. (Low and 

high power).
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Figure (4.4. b)

Poorly developed glands with low cuboidal epithelium and low secretory activity, surrounded 

by decidualized stroma. Reduced gland/stroma ratio.
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Figure (4.4. c)

G lands exh ib iting  cuboidal epithelium , poor secretory activity, and narrow  diam eter, 

surrounded by dense strom a and heavy leukocytic infiltrate (arrow).

100



Figure (4.4. d)

Stromal decidualization and surrounding poorly developed glands.

Figure (4.4. e)

Subepithelial and perivascular decidualization and leukocytic infiltration o f the stroma. The 

glands e x h ib it secreto ry  features bu t are less convolu ted  com pared to the la te-L P  

endom etrium.
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Figure (4.4. f)

Poorly developed glands lined by cuboidal epithelium  with poor secretory features. The 

strom a exhibits patchy oedema and dense leukocytic infiltrate (arrows). Com plex gland 

telescoping is also seen.
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Figure (4.4. g)

Variable secretory features, som e subnuclear as well as supranuclear vacuoles. These appear 

variable even within the sam e gland. Some glands exhibit apoptosis (arrow).
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Figure (4.4. h)

High pow er m agnification o f  apoptosis in the glandular epithelium.

Figure (4.4. i)

C om plex telescopic gland with m ultiple folds in the epithelium. Some o f the glands exhibit 
com plex telescoping, and although these are often referred to as artefacts, the degree o f  
com plexity they exhibit during the late-progestogenic phase is remarkable. It is possible that 
this feature is a reflection o f steroid imbalance (237)
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Women group

H isto logical feature Early bleeders 
(n=10) M edian 
(range)

Late bleeders 
(n= 10) M edian 
(range)

Significance 
level, P 
value M ann- 
W hitnev test

Lum inal epithelium % C uboidal 5 0 (2 0 -9 0 ) 50 (20-90) 0.7

ac Low co lum nar 45 (10-70) 45 (10-70) >0.99

% C olum nar 0 0

C o Pseudostratified 2 .5 (0 -1 0 ) 2.5 (0-20) 0.6

% A pical vacuole 2.5 (0-20) 5 (0-30) 0.3

9c Basal vacuole 0 (0 -5 ) 0 (0 -5 ) >0.99

G landu lar epithelium % Cuboidal 60  (20-80) 40 (30-70) 0.2

nc Low co lum nar 4 0 (1 5 -8 0 ) 55 (30-70) 0.3

% C olum nar 0 0

C o Pseudostratified 0 (0 -5 ) 0 (0 -1 0 ) 0.5

% Apical vacuole 2 0 (1 0 -5 0 ) 40  (5-50) 0.2

% Basal vacuole 0 (0 -5 ) 0 (0 -2 0 ) 0.7

A rea per gland (m m 2) *0.0058 (0.0015) *0.007(0.0018) **0.15

G land num ber *3.6 (0.8) *3.5(1.2) **0.7
/( ,\4 0 0 h p 0

T otal gland area *0.0229 (0.0086) *0.026(0.0098) **0.46
(m m 2)/(x400hpf)

G land shape ac Tubular 25 (0-75) 25 (0-100) 0.7

% C onvoluted 75 (25-100) 75 (0-100) 0.7

Lum inal secretion % Positive 25 (0-100) 25 (0-25) 0.3

Secretion score 25 (0-100) 25 (0-25) 0.3

G landu lar invaginations Percentage 0 (0 -1 5 ) 0 (0 -2 0 ) 0.8
(telescoping)

A pical m argin C o Sm ooth 75 (25-100) 50 (5 0 -1 0 0 ) 0.16

C o Irregular 25 (0-75) 37.5 (0-50) 0.17

Strom al cellu lar density C e lls /17 (xlOOOhpf) *26.5 (3.9) *23 (5.3) **0.12

Strom al haem orrhage C o Area 20 (5-30) 15 (5-20) 0.1

Strom al oedema C o Area 5 (0-20) 7.5 (0-40) 0.9

D ecidualization C o Subepithelial 20 (0-50) 20 (0-70) 0.6

ac U niform 0 0

C c Patchy 20 (0-50) 20 (0-50) 0.8

L eukocytic  infiltrate 3(1-3) 3(1-3) 0.9

* M ean (SD)
** Tw o sided unpaired r-test 

Table (4.5.)

Q uantitative and sem iquantitative com parison between the biopsies obtained before the onset 
o f b leeding from both the EB and the LB. There are no statistically significant differences 
between the two groups.
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Physiological cycle

H istological feature Early luteal 
(n=  10)
M edian (ranae)

M id luteal 
(n= 10)
M edian (range)

Late luteal 
(n=10)
Median (ranse)

L um inal epithelium 9c Cuboidal 5 (0-40) 20 (0-30) 10(0-40)

9c Low colum nar 80 (60-90) 70 (30-90) 80 (60-100)

9c C olum nar 5 (0-20) 10(0-70) 5 (0-20)

9c Pseudostratified 0 (0 -1 0 ) 0 0

9c Apical vacuole 0  (0-50) 0 (0 -5 ) 5 (0-20)

9c Basal vacuole 1 0 (0 -5 0 ) 0 (0 -1 0 ) 0

G landu lar epithelium 9c Cuboidal 0 (0 -3 0 ) 10(0-30) 10(0-40)

9c Low colum nar 45  (20-80) 3 0 (1 0 -9 0 ) 70 (50-90)

9c Colum nar 50  (0-80) 60 (0-90) 10(0-501

9c Pseudostratified 0 0 0

9c Apical vacuole 0 (0 -2 0 ) 60 (0-100) 7.5 (0-30)

9c Basal vacuole 8 0 (5 0 -1 0 0 ) 10(0-70) 0

A rea per gland (m m2) *0.015(0 .0067) *0 .012(0 .005) *0.0079(0.003)

G land num ber *4.4 (1.3) *4.2 (0.8) *4.9 (1.3)
/(.\400hpf)

T otal gland area *0.059(0 .0146) *0.054(0.023) *0.037(0.014)
(m m 2)/(x400hpf)

G land shape 9o Tubular 0 (0 -1 0 ) 0 0

9c Convoluted 100 (9 0 -1 0 0 ) 100 100

L um inal secretion 9c Positive 1 0 (0 -5 ) 7 5(25-100) 80(10-100)

Secretion score 1 0 (0 -5 0 ) 75 (25-150) 80(10-160)

G landu lar invaginations Percentage 0 (0 -1 5 ) 0 (0 -1 0 ) 0 (0-4)
(telescoping)

A pical m argin 9c Smooth 77.5 (50-100) 25 (0-75) 0(0-100)

9c Irregular 22.5 (0-50) 75 (25-100) 100(0-100)

S trom al cellu lar density C ells/17 (xlOOOhpf) *29.8 (7) *24.8 (5.9) *37.3(12.6)

S trom al haem orrhage 9c Area 0 (0 -2 0 ) 10(0-30) 10(10-30)

S trom al oedema 9c Area 0 30 (0-50) 0 (0-10)

D ecidualization % Subepithelial 0 0 0 (0-30)

9c Uniform 0 0 0

9c Patchy 0 0 30 (0-30)

L eukocytic  infiltrate 1(1-2) 1(1-3) 2(1-3)

* M ean (SD)
** Tw o sided unpaired r-test

Table (4.6.)

H isto log ica l features o f the early -L P , m id-L P  and  la te-L P  o f the physiological cycle 
endom etrium . Quantitative and sem i-quantitative analysis reflects, and is in agreement with 
the classical histological criteria.
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W om en on Physiological
cH R T cvcle

H isto logical feature Late bleeders Late luteal Significance
(n=10) M edian (n=10) M edian level, P
(range) (range) value M ann- 

W hitnev test

Lum inal epithelium % Cuboidal 50 (20-90) 10(0-40) 0.0007

% Low co lum nar 45 (10-70) 80 (60-100) 0.0002

% C olum nar 0 5 (0 -2 0 ) 0.05

% Pseudostratified 2.5 (0-20) 0 0.05

% Apical vacuole 5 (0-30) 5 (0 -2 0 ) 0.6

% Basal vacuole 0 (0 -5 ) 0 0.7

G landu lar epithelium % Cuboidal 40  (30-70) 10(0-40) 0.0004

% Low co lum nar 55 (30-70) 70 (50-90) 0.05

% C olum nar 0 10(0-50) 0.001

% Pseudostratified 0 (0 -1 0 ) 0 0.1

% Apical vacuole 40  (5-50) 7.5 (0-30) 0.002

% Basal vacuole 0 (0 -2 0 ) 0 0.2

A rea per gland (mm2) *0.007(0.0018) *0.0079(0.003) **0.5

G land num ber *3.5(1.2) *4.9 (1.3) **0.01
/(x400hpf)

T otal gland area *0.026(0.0098) *0.037(0.014) **0.05
(m m 2)/(x400hpf)

G land shape % T ubular 25 (0-100) 0 0.02

% Convoluted 75 (0-100) 100 0.02

Lum inal secretion ?c Positive 25 (0-25) 80 (10-100) 0.001

Secretion score 25 (0-25) 80 (10-160) 0.001

G landular invaginations Percentage 0 (0 -2 0 ) 0 (0-4) 0.2
(telescoping)

A pical m argin % Sm ooth 5 0 (5 0 -1 0 0 ) 0 (0 -1 0 0 ) 0.004

% Irregular 37.5 (0-50) 100(0-100) 0.004

Strom al cellu lar density C ells/17 (xlOOOhpf) *23 (5.3) *37.3 (12.6) **0.003

Strom al haem orrhage % Area 15 (5-20) 10(10-30) 0.8

Strom al oedema % Area 7.5 (0-40) 0 (0 -1 0 ) 0.09

D ecidualization % Subepithelial 20  (0-70) 0 (0 -3 0 ) 0.2

% Uniform 0 0

% Patchy 20 (0-50) 30 (0-30) 0.7

L eukocytic  infiltrate 3(1-3) 2(1-3) 0.008

* M ean (SD)
** Tw o sided unpaired r-test

Table (4.7.)

Q uantitative and sem iquantitative com parison between the late-progestogenic phase biopsies 
from  the LB and the late-LP endom etrial biopsies. The cH R T endom etrial biopsies exhibit 
m ore cuboidal, and less colum nar epithelium , sm aller glandular area, more tubular glands, and 
less secretory  activity. The strom a is less dense, m ore decidualized, and there is m ore 
leukocytic infiltration.
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W om en on 
cH R T

Physiological
cvcle

H isto log ical feature L ate b leeders Early luteal Significance
(n=10) M edian  
(range)

(n=10) M edian 
(range)

level. P 
value Mann- 
Whitnev test

L um inal epithelium % Cuboidal 50 (20-90) 5 (0-40) 0.0001

9c Low colum nar 45 (10-70) 80 (60-90) 0.0001

% C olum nar 0 5 (0-20) 0.02

% Pseudostratified 2.5 (0-20) 0 (0 -1 0 ) 0.07

% Apical vacuole 5 (0-30) 0 (0-50) 0.03

% Basal vacuole 0  (0-5) 10(0-50) 0.0007

G landu lar epithelium % Cuboidal 4 0  (30-70) 0 (0 -3 0 ) 0.0001

% Low colum nar 55 (30-70) 4 5 (2 0 -8 0 ) 0.4

% C olum nar 0 50 (0-80) 0.0001

% Pseudostratified 0 (0-10) 0 0.07

9o Apical vacuole 40  (5-50) 0 (0 -2 0 ) 0.0001

% Basal vacuole 0 (0 -2 0 ) 80(5 0 -1 0 0 ) 0.0001

A rea per gland (m m 2) *0 .007(0 .0018) *0.015(0.0067) **0.003

G land num ber *3 .5(1 .2 ) *4.4 (1.3) **0.12

/(x 4 0 0 h p 0

T otal gland area *0.026(0 .0098) *0.059(0.0146) **0.0001

(m m 2)/(x400hpf)

G land shape % Tubular 25 (0-100) 0 (0 -1 0 ) 0.01

% C onvoluted 75 (0-100) 100(90-100) 0.01

L um inal secretion % Positive 25 (0-25) 10(0-5) 0.4

Secretion score 25 (0-25) 10(0-50) 0.4

G landu lar invaginations Percentage 0 (0 -2 0 ) 0 (0 -1 5 ) 0.1

(telescoping)

A pical m argin 9c Smooth 5 0 (5 0 -1 0 0 ) 77.5 (50-100) 0.2

9c Irregular 37.5 (0-50) 22.5 (0-50) 0.002

Strom al cellu lar density Ceils/17 (xlOOOhpf) *23 (5.3) *29.8 (7) **0.02

Strom al haem orrhage 9c Area 15 (5-20) 0 (0 -2 0 ) 0.002

Strom al oedema 9c Area 7.5 (0-40) 0 0.002

D ecidualization 9c Subepithelial 20 (0-70) 0 0.005

9c Uniform 0 0 0.9

9c Patchy 20 (0-50) 0 0.001

L eukocytic  infiltrate 3(1-3) 1(1-2) 0.005

* M ean (SD)
** Tw o sided unpaired r-test

Table (4.8.)

Q uantitative and sem iquantitative com parison betw een the late-progestogenic phase biopsies 
from  the LB and the early-LP endom etrial biopsies. U nder the influence of cHRT, the luminal 
and the g landular epithelium  has m ore cuboidal cells , and low er total glandular area, the 
g lands are m ore tubular and less convoluted, few er strom al cells, m ore stromal oedema and 
haem orrhage.
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W om en  on 
cH R T

Physiological
cvcle

H isto lo g ica l feature Late b leeders 
(n=10) M ed ian  
(range)

M id luteal 
(n=10) M edian 
(range)

Significance 
level. P 
value Mann- 
Whitnev test

L um inal ep ithelium ac Cuboidal 50 (20-90) 20 (0-30) 0.0003

cc Low colum nar 45 (10-70) 70 (30-90) 0.01

ac Colum nar 0 1 0 (0 -7 0 ) 0.01

ac Pseudostratified 2.5 (0 -20) 0 0.03

ao Apical vacuole 5 (0 -3 0 ) 0 (0 -5 ) 0.06

<7o Basal vacuole 0 (0 - 5 ) 0 (0 -1 0 ) 0.5

G lan d u la r epithelium ac Cuboidal 40  (30 -70) 1 0 (0 -3 0 ) 0.0001

ao Low colum nar 55 (30 -70) 3 0 (1 0 -9 0 ) 0.3

T  Colum nar 0 60 (0-90) 0.0002

T- Pseudostratified 0 (0 -1 0 ) 0 0.08

ao Apical vacuole 40  (5 -50) 6 0 (0 -1 0 0 ) 0.1

r c Basal vacuole 0 (0 -2 0 ) 1 0 (0 -7 0 ) 0.06

A rea  per g land  (m m 2) * 0 .0 0 7 (0 .0 0 1 8 ) *0.012 (0.005) **0.01

G lan d  num ber *3 .5 (1 .2 ) *4.2 (0.8) **0.1
/(x 4 0 0 h p f)

T o ta l a lan d  area * 0 .0 2 6(0 .0098) *0.054(0.023) **0.004
(m m 2V (x400hpf)

G lan d  shape 7o Tubular 2 5 (0 -1 0 0 ) 0 0.007

ac Convoluted 75 (0 -100) 100 0.007

L um inal secretion ao Positive 25 (0 -25) 75 (25-100) 0.002

Secretion score 25 (0 -25) 75 (25-150) 0.001

G lan d u la r invaginations Percentage 0 (0 -2 0 ) 0 (0 -1 0 ) 0.2
(te lescop ing)

A pical m argin ac Smooth 5 0 (5 0 -1 0 0 ) 25 (0-75) 0.003

cb Irregular 37.5 (0 -50) 75 (25-100) 0.003

S trom al cellu lar density C ells/17 (xlOOOhpf) *23 (5.3) *24.8 (5.9) **0.5

S trom al haem orrhage T? Area 15 (5 -20) 1 0(0 -30) 0.007

S trom al oedema rc Area 7.5 (0 -40) 30 (0-50) 0.1

D ecidualization ac Subepithelial 20 (0 -7 0 ) 0 0.007

rc Lniform 0 0 0.9

Tr Patchv 20 (0 -50) 0 0.001

L eu k o cy tic  infiltrate 3(1-3) 1(1-3) 0.008

* M ean (SD)
** T w o sided unpaired ;-test

Table (4.9.)

Q uantita tive  and semiquantitative com parison betw een  the Iate-progestogenic phase biopsies 
from  the LB and the mid-LP endom etrial b io p sies . T h e  cH R T  biopsies exhibits more 
cu b o id al, and less columnar epithelium , the g lan d u lar a re a  is sm aller, and there are more 
tubu lar glands, more decidualization and m ore leukocytic  infiltrate.
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W om en on P hy sio lo g ica l
cH R T cv cle

H isto log ica l feature Early b leeders L ate luteal Significance
(n=10) M edian (n = 10) M edian level. P
(range) (range) value Mann- 

Whitnev test

L um inal ep ithe lium % Cuboidal 50 (20-90) 1 0 (0 -4 0 ) 0.0008

% Low colum nar 45 (10-70) 8 0 (6 0 -1 0 0 ) 0.0004

aa Colum nar 0 5 (0-20) 0.05

ao Pseudostratified 2.5 (0-10) 0 0.05

% Apical vacuole 2.5 (0-20) 5 (0-20) 0.8

% Basal vacuole 0 (0 -5 ) 0 0.7

G la n d u la r ep ithelium ao Cuboidal 60 (20-80) 1 0 (0 -4 0 ) 0.0004

ao Low colum nar 4 0 (1 5 -8 0 ) 70 (50-90) 0.01

% Columnar 0 1 0 (0 -5 0 ) 0.001

ao Pseudostratified 0 (0 -5 ) 0 0.1

Apical vacuole 2 0 (1 0 -5 0 ) 7.5 (0-30) 0.01

ao Basal vacuole 0 (0 -5 ) 0 0.4

A rea per g land  (m m 2) *0.0058 (0 .0015) *0.0079(0 .003) **0.1

G land  num ber *3.6 (0.8) *4.9 (1.3) **0.01

/( .\4 0 0 h p 0

T o ta l g land  area *0.0229 (0 .0086) *0 .037(0 .014) **0.01

(m m 2)/(.\400hpf)

G land  shape ac Tubular 25 (0-75) 0 0.01

ao Convoluted 7 5 (2 5 -1 0 0 ) 100 0.01

L um inal secretion ao Positive 25 (0-100) 8 0 (1 0 -1 0 0 ) 0.02

Secreuon score 25 (0-100) 8 0 (1 0 -1 6 0 ) 0.01

G lan d u la r invaginations Percentage 0 (0 -1 5 ) 0 (0-4) 0.2

(te lescop ing)

A pical m argin % Smooth 75 (25-100) 0 (0 -1 0 0 ) 0.003

ac Irregular 25 (0-75) 1 0 0 (0 -1 0 0 ) 0.003

S trom al ce llu la r density C ells/17 (xlOOOhpf) *26.5 (3.9) *37.3 (12.6) **0.01

S tro m al haem orrhage ao Area 2 0 (5 -3 0 ) 1 0 (1 0 -3 0 ) 0.3

S trom al cedem a % Area 5 (0 -2 0 ) 0 (0 -1 0 ) 0.04

D ecid u a liza tio n % Subepithelial 20 (0-50) 0 (0 -3 0 ) 0.5

% Uniform 0 0

% Patchy 20 (0-50) 30 (0-30) 0.05

L eu k o cy tic  in filtrate 3(1-3) 2(1-3) 0.08

* M ean (SD)
** T w o sided  unpaired :-test

Table (4.10.)

Q u an tita tiv e  and  sem iquantitative com parison betw een  la te -p ro g esto g en ic  phase biopsies 
from  the EB (obtained before the onset o f bleeding) and the la te-L P  endom etrial biopsies. The 
cH R T  group exhibits more cuboidal and less co lum nar ep ithe lium , a sm aller glandular area, 
poorly  developed  secretory activity, less dense strom a, and m ore subepithelial decidualization.
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Chapter 5

Endometrial Leukocvtes

5.1. Introduction

Leukocytes constitute a significant proportion of endometrial stromal cells, 

and their total and differential counts vary with the phase of the natural cycle. 

The precise functional significance of these changes remains unknown, but 

may be related to the mechanisms affecting menstruation or to preparation for 

implantation.

No studies, to date, have described the distribution of leukocytes in cHRT 

endom etrium . This will be examined here w ith reference to the normal 

endometrium. If the number of leukocytes correlates with the functional state, 

stromal leukocytes would parallel those o f the physiological cycle. Although 

histological assessment (Chapter 4) suggested that a different pattern may 

emerge.

5.1.1. Leukocyte changes in the natural cycle

Leukocytes are present within the endom etrial stroma and occasionally 

betw een epithelial ceils (intraepithelial lym phocytes). The leukocyte 

population is relatively stable throughout the cycle (10-15% of the total 

stromal ceils), but increase premenstruailv to 20-25% (85). The changes in the 

leukocyte population are summarised in Table (5.1., 5.2.). In the basaiis, 

leukocytes are either scattered individually or form aggregates of B ceils, T 

cells and macrophages. In contrast to the leukocytes in the functionalis, those 

in aggregates do not fluctuate with the stage of the cycle. B lymphocytes and 

CD 16+ natural killer (NK) ceils are rare throughout the cycle. In the FP and 

the early-LP the main populations of lymphocytes are CD3+ T lymphocytes 

(mostly CD8+), CD14^ macrophages, and CD56+ C D 3' CD 16" lymphocytes. 

In the late-LP the number of endometrial stromal leukocytes increases, mainly 

due to the rise in CD56+ CD3" CD 16' lym phocytes, and the number of 

macrophages may also rise premenstrually (238).

Ill



5.1.1.1. Endometrial Granulated Lymphocytes (eGL)

Previously called 'endometrial stromal granulocytes’, ’Komchenzellen’ or ’K’ 

cells, these are the main inhabitants of the stroma. They have a round, oval, or 
indented hyperchromatic nucleus, are 10-12u.m in diameter, and have 1-10 

phloxinophilic granules which characteristically stain with phloxine tartrazine, 

G iem sa, toluidine blue, eosin and methyl violet. The intra-cytoplasmic 
granules are always round, variable in size but are mostly 1-2it in diameter, 

granules vary in number within individual cells (239). Imprint preparations, 

because they avoid tissue traum atisation and the artefacts produced by 

formalin fixation, have been used in studies of these cells which lose their 

characteristic granules in frozen sections. eGL have an unusual antigenic 

phenotype, being CD56+CD38+CD2±CD3" and CD 16". They also express 

CD7 and OKTIO (240), but fail to express classical T cell or natural killer 

(NK) cell markers such as CD3, CD4, CDS, CD 16, and CD57 (Leu-7) (241). 

eGL show morphological and antigenic heterogeneity in different phases of 

the cycle, and an infrequent occurrence is eGL ceils that possess the classical 

NK markers as CD57 (Leu 7. HNK-1) and CD 16 (Leu-11) (242).

A small population eGL ceils are CD3+ , and only a minority of CD3^ cells 

are CD56+ . The remaining eGL are CD3" and can be either CD3'CD56+ 

CD2+ or CD3" CD56+ CD2". The proportion that is CD2" increases in the 

late-LP (241). CD2" ceils account for the increased proliferation of CD56+ 

cells in the late-LP (241. 243).

Initially thought to originate from undifferentiated stromal ceils (239). eGL 

are now believed to be largely derived from bone marrow (244), which may 

explain their periarterioiar localisation (244). Reports that these cells are fully 

differentiated, raise questions as to whether they influx from the blood (245), 

or differentiate in situ from bone marrow precursors. eGL exhibit proliferation 

although not in parallel to their number (243). The increased proliferation 

from the FP into the LP is not accompanied by an increase in number, and the 

increase eGL in the late-LP is not accompanied by increased proliferation 

(243). The proliferative activity reported is low, at about 1-2 mitosis/10 hpf 

(243). Increased proliferative activity during the late-LP, was also observed in 

CD3 and CD 11c positive as well as negative leukocytes, this was, at least 
partly, attributed to proliferation in eGL(246).
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5.1.1.2. Macrophages

M acrophages are bone marrow derived cells that are mostly scattered 

throughout the endometrium in all phases o f the cycle (247). During the FP, 

they may comprise up to 50% of CD45+ cells (242). Macrophages have been 

reported to represent the most prominent cell population in the mid-LP 

endom etrium  (248) and to rise before the onset o f menses and that the 

magnitude of this rise be responsible for the pre-menstrual rise in CD45+ cells 

(85). But this was not confirmed (247). A no ther study reported that 

macrophages increase between day 4 and day 13 after the LH surge by a factor 

o f about 49% compared to a 62% increase in the total leukocyte count and a 

92% increase in eGL (249). Although the function o f these cells is not known, 

macrophages may have a role in phagocytosis, antigen processing, release of 
cytotoxic mediators such as H2O2, release o f EL-1, T N F a, TGF(3, PDGF-A 

and IGF (242).

5.1.1.3. T lymphocytes

T cells (CD3+ , CD5% and CD7+) are either scattered in the stroma and are 

often present in aggregates in the deeper endom etrium  (247). At least 75% of 

the T cells (CD2+ , CDS'1') are CD8+, and 25% are CD4+ . CD8+ cells increase 

from  the FP into the LP (250).

T cells within aggregates seem to be a specialised distinct population, they 

proliferate and express HLA-DR, HLA-DP and HLA-DQ, and are therefore 

activated, but do not express EL-2 receptor (246). Their number remains 

relatively constant, although higher at the beginning and at the end of the 

cycle (247). CD3+, CD8+, CD4+ and CD24* cells are reported to increase by 

26%, 27%, 16%, and 48% respectively from  day 4 to day 13 after the LH 

surge, but because the rate of increase is less than that of the total number of 

leukocytes, T cells are proportionately less during the late-LP compared to the 

early-LP (Table 5.2.) (249).

T lymphocytes in aggregates express ER (117), and this may mediate the 
oestrogen induced increase in number, similar to that reported in the rat (119). 

A role for progesterone cannot be excluded as peripheral blood lymphocytes 

express PR (120).

5.1.1.4. B lymphocytes
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These are scattered in the stroma in small numbers throughout the cycle and 
only few are in lymphoid aggregates (249).

5.1.1.5. Polymorphonuclear leukocytes

These do not form pan of the normal population but invade the endometrium a 

maximum of 2 days before menstruation (85, 242).

5.1.2. Modulation of Leukocvtic infiltration bv steroids*  V

Sex steroids affect the function of lymphoid cells, through a yet unclear 

mechanism. This may be mediated through ER (5.1.1.3.). A role for oestrogen 

in regulating the number of macrophages (118), and in regulating the 

granulocvte-macrophage colony stimulating factor (GmCSF) have also been 

demonstrated in the mouse (251).

Cyclical oestrogen and progesterone treatment for women with premature 

ovarian failure, results in endometrium that is histologically similar to the 

natural cycle, and that has similar leukocytic infiltrate (252). Prolonged 

treatm ent with high doses of progestogens results in an increase in the total 

number of leukocytes, macrophages and eGL, and in focal tissue necrosis and 

the accumulation of neutrophils (253). These findings support a regulatory 

role for progestogen, although PR was not detected in lymphoid cells in the 

human endometrium (117). In a recent study, CD45+ cells were reported to be 

ER" and PR ', which may indicate that the effect of steroids is indirect (254).

5.2. Aim

To quantify the total and the main subtypes of leukocytes during the late-PLP. 

as compared to the physiological cycle.

5.3. Material and Methods

5.3.1. Study population and regimen

Were described previously (2.1.1., 2.1.2., 4.3.1.).
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5.3.2. Immunohistochemistry

W as described previously (2.I.4.2., 2.I.5.2.). The antibodies used and their 

specificity are detailed in Table (5.3.), and Appendix (2).

In the endometrium, anti-CD45 antibody recognises an antigen expressed 

exclusively on all lymphocytes. CD56+ cells are predominantly granulated 

lymphocytes. Only a small fraction of eGL express CDS, which therefore 

delim its the majority of T cells. CD68 is expressed on macrophages, while 

CD20 is present on the majority of B cells.

5.3.3. Statistical analysis and sample size

Were considered previously (2.1.7.).

5.3.4. Image analysis

Was described previously (2.1.6.).

5.4. Results: Distribution of leukocytes

5.4.1. CD45+ cells

In the physiological cycle. CD45+ cells were scattered throughout the stroma 

with a higher density in the more superficial functionalis, and were found in 

aggregates near the base of the glands, with few inter-epithelial cells. Cellular 

density increased by about 35-40% during the mid-LP, but more than doubled 

(125%) during the late-LP compared to the early-LP. A similar distribution 

was noted during the late-PLP, but with a very pronounced increase in the 

total number, which was doubled compared to the late-LP (Figure 5.4., Figure 

5.5., Table 5.7.). The difference between the num ber of CD45+ cells in the 

late-LP and early-LP was statistically significant (p=0.02). The number of 

CD45+ cells in the late-PLP was significantly higher compared to the early- 

LP (p=0.0001), the mid-LP (p=0.0004), and the late-LP (p=0.0027).

5.4.2. CD3+ cells
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CD3+ cells were found in aggregates near the gland bases as well as 

throughout the stroma. Their number did not vary significantly during the 

m id-LP of the physiological cycle com pared to the early-LP, but CD3+ 

cellular density increased during the late-LP. There was no statistically 

significant difference between the num ber of CD3+ cells in the late-LP 

com pared to the late-PLP (Table 5.7.), the cellular distribution was also 

similar (Figure 5.6., 5.8.). The difference between the number of 0 )3 *  cells 

in the late-PLP was statistically significantly higher compared to the earlv-LP 

(p=0.0081), and the mid-LP (p=0.0065). The differences between the stages of 

the physiological cycle were not statistically significant (Student r-test).

5.4.3. CD56+ cells

In the early-LP, CD56+ ceils were scattered throughout the stroma, but 

formed denser aggregated near blood vessels and glands during the late-LP. 

The number of ceils doubled from the early to the mid-LP, with a marked 

(275%) increase during the late-LP. C D 56-1" cells were the most abundant 

during the late-LP and the late-PLP, but in the latter their number exceeded by 

more than double (230%) that in the form er (Figure 5.6.,Table 5.7..Figure

5.9.). The number of CD56+ cells in the late-PLP was statistically 

significantly higher when compared to the early-LP (p=0.0003), the mid-LP 

(p=0.0039), and the late-LP (p=0.0039). The differences between the early-LP 

and the late-LP was also statistically significant (p=0.0013).

5.4.4. CD68+ cells

CD68+ cells were scattered evenly throughout the stroma, and their numbers 

did not fluctuate. There was a 40-45% increase in the number of these cells 

during the mid-LP and late-LP com pared to the early-LP, but this was not 

statistically significant. There was no statistically  significant difference 

between the number of CD68+ cells during the late-LP and the late-PLP 

(Figure 5.6.,Table 5.7..Figure 5.10.).

5.4.5. CD20+ cells

CD20+ cells were only sparsely present and their numbers and distribution did 
not vary in the phases examined (Figure 5.6.,Table 5.7.,Figure 5.11.).
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5.5 Discussion

The distribution of leukocyte subtypes during the LP of the natural cycle 

agrees with previous studies (249). The late-PLP exhibited a large increase in 

leukocytes, which is attributed to an increase in CD56+ and CD3+ cells. The 

number of CD20+ cells is small and, in contrast to others remains constant 

during the LP and the late-PLP. W hich may signal an absent response to 

steroids, indeed neither ER or PR have been demonstrated on CD20+ cells. 

CD68+ cells were reported to represent 30% of CD45+ cells during the early- 

LP, and to rise by a factor of about 49% betw een days LH+4 and LH+13 

(249). Taking into account the large standard deviations noted, this may not be 

significantly different from the corresponding figures of 23% and 80% in the 

present study. However, as the number of CD45+ cells increased in this study 

by a factor of 126% compared to 62% reported previously (249), there were 

proportionately fewer macrophages (18%) in the late-LP in the current study 

com pared to the 28% previously reported (249). The differences may be 

attributable to the use of frozen sections in the previous study which have their 

limitations (2.I.4.I.) (249).

eGL are characterised by possessing the CD56 antigen which has not been 

reported in other endometrial cells. Previous studies utilised imprint 

preparation and frozen sections (241), as antibodies suitable for formalin fixed 

tissues have only recently become available. These allowed better preservation 

of architecture in the present study, and this demonstrated a higher (275%) 

increase in the number of CD56+ cells from  the early-LP to the late-LP, 

com pared to the 152% increase previously reported (241). In both studies 

CD56+ cells, were the predominant cell types in the late-LP but they made up 

40% of the total CD45+ cells in this study, compared to 57.2% in the previous 

study (241). The increased number o f leukocytes observed with cHRT 

underlies evidence of stromal decidualization, and more advanced stromal 

compared to glandular development.

In this study, CD3+ cells made up a higher percentage of the total CD45+ 

cells in both the early-LP and the late-LP (57% and 31.7% respectively), 

compared to 37.5% and 21.5% previously reported (241). The latter authors 

reported no increase in the number of CD3+ cells which agrees with the non- 

statistically significant 11.1% increase observed here. Overall, the pattern of 
expression of the CD markers of the major leukocyte population was similar
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in this study to other reports in literature, and the few differences may be 

attributable to the different antibodies used and to the use of different fixation 

and antigen retrieval methods.

The role of leukocytes in the endom etrium  is not clear, but their ability to 

produce enzymes, cytokines or other mediators of necrosis and repair suggests 

a role in tissue shedding and m enstruation, or in repair. The increase in 

leukocytes with cHRT is rather unexpected, particularly that the group studied 

exhibited clinical behaviour that was sim ilar to the physiological cycle. This 

suggests that the increased leukocytes may not be causally linked to bleeding.

This increase appears to be mediated e ither directly or indirectly by sex 

steroids, and could be caused by either increase in infiltration or by increased 

local proliferation. In support of the latter hypothesis, is the demonstration of 

Ki67 (M ibl) positive eGL, especially in the late-LP (243), but this has not 

previously been studied in women receiving cHRT.

Progestogen increases the total number of leukocytes as well as the number of 

CD3+ , CD68+ , and particularly the num ber o f eGL (253). The mechanism of 

this effect is unknown, especially so that PR is absent from endometrial 

leukocytes, and although still controversial (254) ER+ cells (mostly T cells') 

are localised to the lymphoid aggregates in the deeper functionalis or basaiis, 

and only occasionally are they present scattered in the functionalis layer (117). 

It is possible that the effect of steroids is m ediated through cytokines such as 

interleukin-8 (EL-8), the Monocyte chem oattractant protein-1 (MCP-1) and 

cyclooxvgenase-2 (COX-2) which have recently been identified to increase 

premenstrually (255).

M C P-1 is particularly interesting, for it is a potent attractant and activator for 

T cells (256), and NK cells (257) both of which showed a significant increase 
with cHRT. Decidual cells produce COX-2 in response to IL-lp, an effect that 

is inhibited by progesterone (258). The inhibitory effect attributed to 

progesterone, and the observed increase in leukocytic infiltrate in the late-LP 

when levels of circulating progesterone are known to be low, led to the 

suggestion that progesterone has an indirect inhibitory effect and that the rise 

observed is secondary to release of this inhibition (255). It was proposed that 

PR mediates the inhibitory effect of progesterone on MCP-1 release from 
perivascular cells (255). This, however, would not explain the excessive
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infiltrate observed under the influence of cHRT, or that observed with 

prolonged progestogen therapy (253), or the increased eGL in the decidua 

(243). Another possible explanation that does not stipulate progesterone 

withdrawal, could be mediated through the ability of progesterone to inhibit 

its own receptor (1.12.4.4.). Thus a higher expression of mediators could be 

expressed in the presence of high but 'ineffective' levels of progestogens. In 

cHRT, such a situation may prevail if either the dose of progestogen is higher 

than in the physiological state leading to receptor inhibition, or that of 

oestrogen is low resulting in insufficient expression during the early-PLP.

On the other hand, the lack of a rise in the number of macrophages with cHRT 

may be explained by the observation that granulocyte-macrophage colony 

stim ulating factor (GmCSF), which may be responsible for macrophage 

m igration as well as proliferation and differentiation (259), is oestrogen 

regulated (251), oestrogen deficiency may thus be responsible for this 

observation. The administration of the anti-progesterone Mifepristone, was 

also associated with a rise in the number of decidual macrophages, but this 

was attributed to the ability of mifepristone to stimulate ER and PR (260).
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Cell type Phase of the menstrual cycle

Proliferative Secretory Late luteal

Macrophages + + + + ++/+++

T-cells + + + +

eGL + + +++

B-cells ± /  + 9
•

Polymorphs - - 9

Table (5.1.)

L eukocyte subpopulations at the different phases o f  the natural cycle. (Data from Lea & Clark, 
1991X261).

A n tig e n A ntigen  expression

% in 
ea rlv  
L P  '

%
Increase 
from  
early  to 
la te  LP

% in 
late LP

CD45 Com m on leukocyte antigen (T cell, B ceil. 

NK/non-lineage. monocyte, m acrophage, and 

granulocyte)

1 0 0% 62% 100%

CD3 T  cells 34% 26% 27%

CDS M aturation and T ceil selection. (Sub population  

o f  T  cells and NK/non-lineage cells)

23% 27% 18%

CD4 T cell helper activity 9% 16% 7%

CD56 Large granulated lymphocytes, activated  T  and 

N K  cells

45% 92% 55%

CD 68 M acrophages 30% 49% 28%

CD22 Sub population of B cells 2 % 25% 2%

CD2 T  cells, NK/non lineage cells 59% 48% 54%

Table (5.2.)

T he percen tage o f leukocytes recognised by an tibod ies to each  CD antigen in the early-LP 
(LH  +  4 ) and the late-LP (LH + 13) o f the norm al m enstrual cycle, and the percentage increase 
in the num ber o f leukocytes between these phases. D ata from  K lentzeris et al., (1992)(249).
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Antigen Antibody Comment

CD3 Dako. Rabbit 
polyclonal 

Anti-H um an T 
ceil, code No. 
A 452 lot 084

Is a highly specific m aker for T  cells (262), and no other cells 
are known to express the antigen except for the Purkinje cells in 
the cerebellum .

CD20 M onoclonal 
M o u se  A n ti- 
H um an B Cell, 
c l o n e  L 2 6 ,  
code M 0755, 
Lot 083

A ntigen p resen t on the m a jo rity  o f  B cells . The antibody 
interacts p redom inantly  w ith a 33 kD a polypeptide present in B 
cells and to a m inor com ponen t o f  30kD a polypeptide, and reacts 
with the m ajo rity  o f  B ce lls  in both  peripheral blood and 
lymphoid tissue, w ith no reactivity  to other haematopoietic cells.

CD45 D ako. M ouse 
anti-human 
leukocyte 
com m on 
antigen. M701, 
Lot 064, clone 
2 B 1 1.

CD45 is a m a jo r c e ll-su rfa c e  g lycop ro te in  confined to the 
lymphoid and m y e lo id  lineages. The antibody labels lymphoid 
ceils. M acrophages and  h isuocvtes react to a variable degree and 
polymorphs only w eekly , m any plasm a cells are unreactive.

CD56 CD56/Neural 
Cell Adhesion 

M olecule-1 
(NCAMVNeo 
m arkers, USA, 

USA

Is expressed on all eG L , and although also expressed on 
activated T  and B cells, the m ajority o f C D 56+ cells in the 
endom etrium are eG L.

CD68 M ouse Anti- 
Human CD 6 8 . 

K P 1, Dako

Code N1577

Detects a 1 lOkDa glycopro tein  expressed on macrophages in 
lymphoid and non-lym phoid  tissues. It also detects myeloid 
precursors and neu trophilic granules in bone marrow and blood, 
but not in other tissues. Som e T-cells. believed to be of 
m onocvte/m acrophage origin, also stain positive .

Table (5.3.)

T he antibodies used in this chapter and their specificity .
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Figure (5.4.)

T he num ber o f CD45+ cells in IThpf (x400) during  the d ifferen t stages o f the LP and the late- 
PLP . T he total number of leukocytes increases th rough  the stages o f the LP and exhibits a 
d ram atic  increase on cHRT.
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Figure (5.5. a,b.)

T he distribution o f C D 45+ leukocytes during the early-LP (a), and the m id-LP (b). CD 45+ 
cells appeared scattered or in small aggregates, their number increased during the mid-LP.
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Figure (5.5. c,d.)
The distribution o f  CD 45+ leukocytes during the late-LP (c), and the late-PLP (d). CD 45+ 
cells appeared scattered or in small aggregates. A few intraepithelial cells are seen. A m arked 
increase in num ber is noted on cHRT.

Figure (5.5.a-d.)

The distribution o f  CD 45+ cells during the different stages o f the LP and the late-PLP.
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F igure (5.6.)

T h e  num ber o f  CD3+ , CD20+ , CD6 8 + , and o f  C D 5 6 + ce lls  in I7hpf (x400) during the 
d iffe ren t stages o f the LP and the late-PLP.

P h a se  o f  the cycle CD45+
(SD)

CD56+
(SD)

C D 3+
(SD )

CD 6 8 +
(SD)

CD20+
(SD)

E a r ly  -L P 114(42) 28(19) 6 4 (5 4 ) 26 (24) 1.4 (3.3)

M id -L P 157(104) 62 (58) 57 (35) 47 (53) 0.8 (0.9)

L a te -L P 258(155) 105 (48) 82 (44) 47 (46) 2.2 (2.5)

la te -P L P 505 (183)1 242 (133)2 175 (85)3 28 (43) 0.5 (1.0)

Table (5.7.)

T he num ber and (SD) of CD20+ , CD 3+ , C D 5 6 + , C D 6 8 + and C D 45+ cells during the 
d ifferen t stages o f the LP and during the late-PLP.

1 S ta tis tica lly  significantly different com pared  to the ea rly -L P  (0.0001), the mid-LP 
(p=0.0004), and the late-LP (p=0.0027).
-  S ta tis tica lly  significantly different com pared  to  the ea rly -L P  (0.0003), the mid-LP 
(p=0.0039), and the late-LP (p=0.0039).
3 S tatistically  significantly different com pared to the early -L P  (0.0081), and the mid-LP 
(p=0.0065).
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Figure (5.8.)

T h e  d is tr ib u tio n  o f  C D 3 +  leu k o cy tes  du ring  the la te -L P  (a), th e  la te -P L P  (b). T his show s 
s im ila r d is tr ib u tio n  and  a lth o u g h  the  num ber o f  ce lls  w as h igher on cH R T  it d id  n o t reach  
sta tistical sign ificance .

126



.

'  ^  V . <1^$ •. V  r ' "• • - .

~  . . V  V V C *  *  • ■'  '

0.1 mm
w  A»

Figure (5.9.)

The d istribution  o f  C D 56+ leukocytes during the late-LP (a) and the late-PLP (b). The 
distribution o f  the cells was sim ilar, but there was a dramatic and statistically significant rise 
under cHRT therapy.
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Figure (5.10.)

The distribution o f  CD 6 8 + leukocytes during the late-LP (a), and the late-PLP (b). There was 
no difference between these phases in the number or the distribution of CD 6 8 + cells.
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Table (5.11.)

The distribution o f  C D 20+ leukocytes during the late-LP (a), and the late-PLP. These cells 
were sporadic and exhibited no differences in number or distribution between the two phases.
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Chapter 6

Proliferative activity

6.1. Introduction

In the physiological cycle, proliferation peaks in the functionalis at day 8-10, 

but is reduced to near zero with the appearance of intra-glandular secretions at 

day 19 (263). The in-vivo proliferation rate is increased by oestrogen and 

reduced by progesterone (105).

The rapid decline in glandular epithelial proliferation during the LP, is 

accom panied by a rise in endothelial and strom al proliferation. Stromal 

proliferation increases markedly in the late-LP in association with increased 

decidualization (263).

In Chapter (5) a marked increase was noted in the number of leukocytes, and 

this study was conducted to determine whether this was accounted for by 

increased proliferation.

6.1.1. Markers of proliferation

Methods used to measure cell proliferation include counting mitotic figures: 

the Mitotic Index (MI), which is limited by the low frequency of mitosis in 

normal tissues. The Labelling Index (LI), measures DNA synthetic phase (S)- 

phase after incorporating radio-labelled (tritiated) thymidine or 5’-bromo-2'- 

deoxvdridine (BrdUrd) in live ceils or tissues, and is therefore not suitable for 

human tissues unless sustained in culture. Immunohistochemistry, using 

an tibod ies to Ki67 or to the P ro lifera ting  C ell N uclear Antigen 

(PCNA/cyclin), overcome these limitations. More recently, histone ISH was 

introduced as a marker for the S-phase (264).

6.1.1.1. Ki67

The human Ki67 antigen is a nuclear antigen (a bimolecular complex of 345 
and 395 kDa) expressed in all phases of the cell cycle except Gq and early Gj
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(265) It is a useful measure of the growth fraction. The antigen can be 

demonstrated in frozen (266) and formalin fixed (267) sections.

M easuring Ki67 has advantages over the PCNA which is more sensitive to 

fixatives and which may yield a gross overestim ate o f the proliferation 
fraction (268).

6.1.1.2. Nuclear Histone

The expression of histone mRNA in the nucleus is tightly linked to DNA 

synthesis. H3 mRNA is detectable in Gi and peaks during the synthetic S- 

phase and rapidly disappears towards the end of G2 (269). The short half-life 

of histone mRNAs makes them suitable markers for the S-phase. Histone 

mRNA could be detected in the nucleus and cytoplasm  by ISH (269, 270). 

The probe used in this study hybridises to the mRNA transcripts of human 

histone genes H2b, H3, and H4. and has been shown to correlate with the 

synthetic phase as measured by BrdUrd (264).

6.1.2. The effect of steroids on endometrial proliferation

6.1.2.1. The effect of oestrogen

(Estrogen induces proliferation of endometrial epithelium  in vivo, but not in 

vitro (271). The in vivo stimulatory effect may be mediated via growth factors 
as epidermal growth factor (EGF), transform ing growth factor-a (TGF-a), 

and insulin like growth factor (IGF), while transform ing growth factor p 

(TGF-P) has been suggested as an inhibitory m ediator (147, 271). The effect 

on the stroma is direct or indirect (147).

6.1.2.2. The effect of progesterone

It is generally held that progesterone blocks oestrogen induced proliferation. 

This may be mediated through down regulation of ER or by reduction of ER 
binding to its nuclear acceptor, or through 17p-hydroxy dehydrogenase, a 

progesterone-specific enzyme which converts oestrogen into cestrone and 

cestriol (272).

Progesterone also exerts an inhibitory effect on epithelial growth that is 
independent of oestrogenic stimulation and it is possible that decreased ER
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content and activity are coincidental not causal to blockade of oestrogen 
induction of mitosis (147).

6.1.3. Proliferation in the endometrium under cHRT

GEstrogen induces epithelial proliferation, which if unopposed may lead to 

endometrial hyperplasia and cancer, and progestogens have a protective effect 

(1.12.3.4.), The number of dividing cells could be taken as an index of the 

relative potency of the oestrogenic and the progestogenic compounds in cHRT.

6.1.4. Proliferation of endometrial stromal and lymphoid cells

Tissue loss at menstruation is restored through proliferation from the basalis 

during the follicular phase and the early-LP. Proliferation in the stroma 

continues during the LP. but becomes confined to CD45+ cells. This 

proliferation increases from the mid-FP into the LP to peak during the late-LP, 

and is more prominent in the scattered compared to the aggregated lymphoid 

cells (246). CDS'*" T cells and C D llc + macrophages exhibit the same pattern 

(246) The total number of lymphocytes and T-cells but not of B-cells or 

macrophages increases with oestrogen and progesterone treatment in women 

with premature ovarian failure (252). No work to date, reported on the 

proliferative activity in the endometrial leukocyte in women receiving cHRT.

6.2. Aim

To examine the pattern of proliferation, and the proliferation index (PI) of the 

different leukocyte populations in the endometrium under cHRT.

6.3. Material and methods

6.3.1. Study population and regimen

Were described previously (2.1.1., 2.1.2., 4.3.1.),

6.3.2. Immunohistochemistry and ISH

Single labelling IHC for M ibl (Appendix 2), and ISH for nuclear Histone, 
were described previously (2.I.5 .2 .I., 2 .I.5 .2 .3 ., 2 .I.5.4.). Double labelling
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(2.I.5.2.2.) was performed using Mibl and each of anti-CD45, anti-CD56. and 
anti-CD3 (Appendix 2).

6.3.3. Statistical analysis and sample size

Were considered previously (2.1.7.).

6.3.4. Image analysis

W as described previously (2.1.6.). Cells expressing M ibl, and histone positive 

cells were counted in 17hpf(x400)/section. In the double labelling 

experim ents, the same number of fields were examined to determine the 

number and proportion of positive cells.

6.4. Results

6.4.1. M ibl

Stromal M ib l+ ceils were scattered or formed clusters in the basalis. Mibl 

expression was higher in the late-LP compared to the early-LP or the mid-LP 

(p=0.042 and p=0.045. respectively). The number of M ib l+ stromal cells in 

the late-PLP was statistically significantly higher compared to the early-LP, 

m id-LP and late-LP (p<0.0001, p=0.0001, p=0.0003 respectively). Mibl 

expression was higher in the late-LP com pared to the early-LP or mid-LP 

(p=0.002 and p=0.0068, respectively). None o f the differences in Mibl 

expression in the glandular epithelium was statistically significant (Table 6.1., 

Figure 6.2., Figure 6.3.).

6.4.2. Histone

Histone expression in stromal cells followed the same pattern during the LP 

and the late-PLP as Mibl expression (Figure 6.3., Table 6.4., Figure 6.5.). The 

difference between the late-PLP and the early-LP, mid-LP and late-LP was 

statistically significant (p=0.0002, p=0.0008, and p=0.03 respectively). There 

was a good correlation between the number of histone4" and M ib l+ cells in 

each section (Pearson's correlation coefficient, r=0.856, r2=0.732) (Figure 

6 .6.).
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6.4.3. Double labelling CD45 and M ibl

The number of M ibl4* and of CD454* cells using double labelling (Table 6.7., 

Figure 6.8.) are comparable to those demonstrated using single labelling 

(Figure 5.4., Table 5.7.). The vast majority (88-94%) of stromal M ibl4" cells 

expressed CD454"’ and are thus of haematopoietic origin (Table 6.7., Figure

6.9.). The small CD45" proportion was also morphologically similar to 

lymphocytes, with large rounded nuclei and sparse cytoplasm (Figure 6.10.). 

Between 8-37% of CD454" cells were M ib l4* (Table 6.7.). The proportion of 

M ib l+ ,CD45'i" cells is high during the mid-LP and drops during the late-LP, 

and is higher during the late-PLP compared to the late-LP (Figure 6.9.). The 

difference between the late-PLP and the early-LP and late-LP, but not the 

m id-LP was statistically s ign ifican t (p<0.0001, p=0.0001, p=0.39 

respectively). The difference between the early-LP and the mid-LP was also 

statistically  significant (p=0.037). None of the other differences were 

statistically significant. The differences between the proportions of CD454", 

M ib l+ cells in the different phases were not statistically significant.

6.4.4. Double labelling CD56 and M ibl

The proportion of CD56“ , M ibl4" cells was relatively constant throughout the 

phases of the physiological cycle and sim ilar to the late-PLP, but the 

proportion of M ibl4". CD564" cells was 26%, 63%, 24%, and 60% during the 

early-LP, mid-LP. and late-LP, and the late-PLP respectively (Table 6.11., 

Figure 6.12., Figure 6.13.).

6.4.5. Double labelling CD3 and M ibl

Although the overall proportions are small, the proportion of M ibl+, CD34" 

cells in the late-PLP were double that in the late-LP. The same relation was 

demonstrated for the proportion of CD34", M ib l4" cells (Table 6.14.). The 

proportion of M ibl4", CD3^ ceils was lower than the proportion of M ibl+, 

CD56+ cells in any phase of the cycle (Figure 6.12., Figure 6.15.).

6.5. Discussion

This is the first study of the proliferative activity in the leukocyte subtypes in 
the late-PLP. M ibl antigen is expressed at the G0-G i transition and then
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throughout the cell cycle, and is maximum during the M phase. Its detection 

may thus over-represent the MI (273), but it may also be destroyed by 

tixation. Histone ISH has been shown to correlate with BrdUrd measurement 

of cell proliferation (1997 and the good correlation between Mibl and histone 

ISH in this study, argues against an over-estimate of cell proliferation.

In agreement with Tabibzadeh (1990) (246), proliferative activity in the 

stroma during the LP is largely confined to leukocytes. However, a small 

percentage of cells was M ib l+ CD45'. The lineage of these remains 

speculative but they dem onstrated m orphological features similar to 

leukocytes, and it is possible that the inability to demonstrate CD45 antigen 

was due to methodological limitations.

Increased proliferation in both CD3+ T cells, and C D l l c + macrophages, 

during the LP, and an increased proliferation from the early-LP through to the 

late-LP, has been demonstrated (246). That study also provided evidence 

(though indirect), of increased proliferation of eGL. The present study 

provides the first direct evidence of proliferation of CD56+ ceils. But, 

contrary to the previous study (246), demonstrated a lower leukocyte Mitotic 

Index (MI) during the late-LP compared to the mid-LP. The discrepancy may 

be attributable to the use. in the earlier study, of the less accurate histological 

dating and/or of hysterectomy specimens, which may have been affected by 

the disease that necessitated their removal.

Leukocytes appeared scattered or. especially in the basalis, in aggregates. It is 

not possible to obtain an accurate calculation of the number of cells in these 

aggregates using image analysis. Indeed the objective of this project was to 

compare the functionalis (1.14.), where only a few aggregates were noted. 

There were no difference between the number or the size of these follicles in 

the specimens examined and these were disregarded when calculating the 

number of scattered cells.

Initial reports suggested that eGL do not proliferate (239). But more recently, 

these cells were shown using frozen sections to express Ki67 antigen(243), 

which suggests that these cells proliferate in situ, possibly after migrating into 

the endometrium as premature precursors. The maximum MI in this study 

preceded the peak cell density, which further supports local proliferation as 
the mechanism for the increase eGL population.
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The increase in eGL is believed to be progesterone mediated, and the 

proliferative activity in these cells decrease with decidualization (243), which 

is again progestogen mediated. The late-PLP thus exhibits a dissociation 

between the two effects of progestogen as the increasing cell population was 
not accompanied by a reduced proliferation.

Prolonged progestogen therapy, has been shown to cause a marked increase in 

CD 45+ , CD3+, and CD68+ ceils as well as eGL (253). It is not clear how 

m uch of this increase is caused by increased leukocyte migration, or by 

increased local proliferation. The role o f chemo-attractants was discussed 

previously (5.5.), but the finding from this study that peak proliferation 

precedes peak cellular density suggests that proliferation plays an important 

role. Little is known about the factors that regulate leukocyte proliferation. 

Hormonal control was suggested (246). However, peak proliferation occurs in 

the scattered leukocytes in the functionalis which are ER", rather than in the 

ER ^ lymphoid aggregates. Thus the effect that is assumed to be oestrogen 

mediated, is more likely to be achieved through mediators. DNA synthesis has 

been shown to decrease after several days of oestrogen administration, an 

effect that may be mediated by inhibitory chalone-like substances (274). 
Interferon-y (IFNy) which exerts an inhibitory effect on proliferation of the 

basal epithelium may have such a role (275).

IFNy is synthesised, under the influence of oestrogen, by T cells located in 

lymphoid aggregates (275. 276), and by macrophages and NK cells (277). It 

has been linked to the lower p ro liferative  activity in the stroma in 

endometriosis (277). Increased stromal proliferation may thus be attributable 

to a lower level of inhibitory substances, which in turn may be a reflection of 

low oestrogen level.

The function of eGL is unknown, and despite similarities with peripheral 

blood NK cell, eGL do not exhibit NK activity (238). They contain perforin, 

granzyme A and TLA-1 (278, 279). These substances are capable of cytolvsis, 

DNA fragmentation, and cytotoxicity. Activated eGL may be implicated in 

focal necrosis, stromal haemorrhage or normal or abnormal menstruation, and 
a similar role has been suggested for CD68+ macrophages (253). However, 

the large increase in the late-PLP, and the fact that these cells exhibit 

proliferative activity, negates against a significant role in the regulation of 

bleeding.
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M ib l+  cells

Phase of the cycle Stroma 
Mean (SD)

Glandular 
epithelium  
M ean (SD)

Early-LP 26(14) 12 (21)1

M id-LP 26 (20) 1(2)

Late-LP 53 (36)2 2 (4 )

Late-PLP 302 (175)3 1(2)

Table (6.1.)

M ib l+ ce lls  in the different stages o f  the L P  and  in the endom etrium  in the late-PLP, 
expressed  as num ber and (SD)/17 random  hp f (x400).
1 S tatistically  significandv higher com pared to all the o ther stages (p<0.05)
2 S tatistically  significantly higher com pared to the early -L P  and the m id-LP (p<0.05).
3 S tatistically  significantly higher com pared to all stages o f  the LP  (p<0.05).
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Figure (6.2. a,b.)

The distribution o f  M ib l+ cells in the strom a and in the glandular epithelium in the early-LP
(a), and the m id-LP (b). D uring the early-LP som e glandular epithelial cells, but only a few 
strom al cells are M ib l+ . D uring the m id-LP, the glands w ere M ibl", w hilst there was an 
increase in expression o f M ib l in the stroma.
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Figure (6.2. c,d.)
The distribution o f  M ib l+ cells during the late-LP (c), and the late-PLP (d). There is no 
expression in the g landular epithelium , but a m arked increase in the strom a, particularly 
during the late-PLP.

Figure (6.2. a-d.)

The ex p ressio n  o f  M ib l d u rin g  the d iffe ren t stages o f  the LP and the late-P LP .
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Figure (6.3.)

T he d istribution  of M ib l+ and histone+ cells in the s tro m a in the different stages of the LP, 
and in the late-PLP, expressed as num ber o f  positive  ce lls /1 7 h p f (x400).

Phase of the cycle H istone4* strom al cells

M ean (SD)

Early-LP 36(19)

Mid-LP 38(23)

Late-LP 88(46)

Late-PLP 175(101)1

Table (6.4.)

H istone positive cells during the d ifferent stages o f  the L P  and the late-PLP, expressed as 
num ber and (SD )/17hpf (x400).
1 S tatistically  significantly higher than all stages o f  the L P  (p<0.05).
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Figure (6.5.)

The distribution o f  nuclear h istone positive cells in the late-LP (a), and the late-PLP (b). 
Epithelial cells w ere negative, w hilst many stromal cells were positive.
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Figure (6.6.)

T he correlation  between the number of proliferating  strom al ce ils  m easured by M ibl and by 
ISH  for nuclear histone.
C orrela tion  coefficient 0.856, r-=  0.732.

Phase of the cycle % M ibl+> 
CD45+ cells

% CD45+> 
M ib l+ cells

All CD45+ All Mibl+

Early-LP 3(4) 94 (8) 125 (43) 15(6)

Mid-LP 37 (37) 88 (8) 159 (91) 76 (32)

Late-LP 20(14) 94 (5) 321 (120) 66 (58)

Late-PLP 48(13) 92 (4) 577 (284) 310(201)

Table (6.7.)

T he total num ber o f CD45+ and o f M ib l+ cells, and  the p ropo rtions o f both that are doubly 
labelled. The values are expressed as m eans and (SD ) m easu red  in 17hpf (x400)/section.
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M ibl 

3  CD 45

Figure (6.8.)

Phase of the cvcle

T he num ber o f  CD 45+ and o f M ib l+  cells in the d ifferen t stages o f the LP and the late-PLP, 
in the double labelling experiment. E rror bars indicate the standard deviation of the data.

100 -

%

MI o f CD 45+ cells 

% o f  CD45+, M ib l+  cells

_>%

Phase of the cycle

Figure (6.9.)

The proportion o f  CD45+ ceils that are M ib l+ , and o f  M ib l+  cells that are CD45+ in the 
different stages o f the luteal phase and in late-PLP. E rror bars indicate the standard deviation 
o f  the data. (MI: mitotic index).
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Figure (6.10.)

Double labelling for CD 45 (red) and M ib l (blue-grey) during the late-LP (a), and the late-PLP
(b), dem onstrating  co -expression  o f  the antigens, and the higher num ber o f  proliferating 
CD 45+ cells during the late-PLP. T he m ajority o f proliferating cells were CD45+.
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Antigen expressed Phase o f the cvcle
Earlv-LP Mid-LP Late-LP Late-PLP

CD56+ 53 (44) 84 (98) 98 (91) 198 (125)

M ib l+ 26 (27) 77 (73) 44(70) 177 (95)

M ib l+ & CD56+ 14(13) 48 (50.3) 18(17) 105 (77.4)

M ib l+ , CD56" 12 (26) 29(46) 2 (2 ) 28 (29)

CD56+, Mibl" 34 (23) 45 (35) 79 (83) 103 (90)

M ibl+  & CD56+/ 
CD56+

0.26 (0.13) 0.63 (0.23) 0.24 (0.22) 0.60 (0.34)

M ib l+ & CD56+/ 
M ib l+

0.69 (0.37) 0.75 (0.38) 0.78 (0.38) 0.80 (0.08)

Table (6.11.)

T h e num ber o f C D 56+ cells, M ib l^  cells and the nu m b er o f  cells that are doubly labelled for 
bo th  antigens per IThpf (x400). These are ex p ressed  as the m eans and (SD) for each of the 
study  groups. The proportion o f the doubly labelled  cells to the total num ber that was CDfb"5" 
o r M ib 1+ is also shown.

□  M i b 1 & C D 5 6 / C D 5 6 M i b 1 & C D 3 / C D 3
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40 - 

2 0 -  

0

.. 
. 

r
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■L ■  ■

T

c-
i

Phase of the cvcle

Figure (6.12.)

T he proportion o f CD 56+ and o f C D 3+ cells are M ib l+  during  the different stages of the LP 
and  during the late-PLP.
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Figure (6.13.)

Double labelling for CD 56 (red) and M ib l (blue-grey) during the late-LP (a) and the late-PLP 
(b).
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Antigen expressed P hase  of th e  cycle
Early -LP Mid-LP Late-LP Late-PLP

CD3+ 57 (23) 42 (38) 105 (91) 148 (89)

M ib l+ 34 (26) 78 (78) 59 (34) 181 (119)

M ib l+ & CD3+ 4(3) 9 (11) 20 (31) 56 (51)

M ib l+, CD3- 30 (23) 69 (68) 76 (66) 114(72)

CD3+, Mibl" 53(24) 34 (28) 79 (64) 93 (39)

M ibl+ & CD3+/ 
CD3+

0.09 (0.08) 0.13 (0.13) 0.16(0.08) 0.32 (0.13)

M ibl+ & CD3+/ 
M ibl+

0.12(0.09) 0.07 (0.06) 0.17(0.06) 0.3 (0.13)

Table (6.14.)

T he total num ber o f cells that express CD3 w ith  o r  w ithou t M ib l ,  and o f cells that expressed 
M ib l w ith or w ithout CDS, and the proportion  o f  ce lls  exp ressing  both antigens in relation to 
those expressing the other antigen.
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Double labelling for CD3 (red) and M ib l (blue-grey) during the late-LP (a) and the late-PLP 
(b).
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Chapter 7

Apoptosis and Bcl-2 expression

7.1. Introduction

According to the widely accepted model for menstruation the functionalis is 

totally shed, and repair occurs by re-epithelialisation from the outgrowth of 

glands in the basaiis (263, 272, 280, 281). But as the exact amount shed is 

controversial, a model was constructed involving minimal tissue loss and 

apoptosis (98, 282). Apoptosis is affected by steroids, but its occurrence with 

cHRT is unknown. This study evaluates w hether the high proliferation rate 

noted (Chapter 6) is balanced by higher apoptosis, and examines apoptosis in 

cHRT as a reflection of steroid action. The postulated link between apoptosis 

and bleeding, together with the link betw een apoptosis and steroid action 

indicate a potential as a marker of cH RT action. Women on this cHRT 

regimen continued to take the same dose of hormones up to the time of the 

biopsy, i.e. the late-PLP is in effect a sustained mid-LP, and it can be 

postulated that the incidence of apoptosis will be similar to that in the mid-LP. 

This will be examined in this chapter.

7.1.1. Apoptosis

Apoptosis eliminates cells without inducing local inflammation, thus avoiding 

damage to adjacent structures (283). Apoptosis may involve protein synthesis, 

and is controlled through regulatory genes including c-myc, p53, apo-l/fas 

and the bcl-2  family. It plays a role in m aintaining exact cell numbers, 

em brvogenesis. and in defence against self-reactive lymphocytes, viral 

infected or tumour cells. Derangement of apoptosis may contribute to cancer, 
neuro-degenerative or autoimmune diseases, or acquired immunodeficiency 

(284). Its occurrence in endocrine dependent organs such as the adrenal (285), 

prostate (286) and endometrium (287, 288), suggests hormone dependence.

The condensation of nuclear heterochrom atin  and DNA cleavage into 
multiples of 180bp fragments which form a DNA ladder on agarose gel (289) 
is a characteristic but not a universal feature of apoptosis (290). Fragmentation 
of nuclear chromatin is affected by a Ca2+/M g2+ dependent endonuclease,
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and is influenced by cytokines and protein kinase C which affect chromatin 

structure or histone phosphorylation (284). Apoptosis is associated with 

increased density and a decreased volume o f cytoplasm, and factors that may 

contribute to these changes include & -tublin and a Ca2+-dependent 

transglutaminase (291). Apoptosis can also be induced by other cytoplasmic 

proteases, as the cystein protease (ICE. interleukin* 1-^-converting enzyme, 

Caspase-1) and granzyme B, which is a serine protease that shares with 

Caspase-1 the ability to induce cleavage after Asp residues.

7.1.1.1. Regulation of Apoptosis

Apoptosis is dependent on the balance between intrinsic and extrinsic factors. 

Of particular importance in relation to the endometrium is the possible role of 

eGL which possess in their granules both perforin (278) and granzyme A 

(GraA), which affects cell death (292), (Figure 7.1.).

Recent studies on the other member of the granzyme family [present in the 

granules of cytotoxic T lymphocytes (CTL), and natural killer (NK) cells], 

granzyme B (GraB) demonstrated that it induces apoptosis after entry into 

target cells through endocvtosis, but in the absence of perforin it remains 

confined to cvtopiasm (293). The intracvtoplasm ic function of GraB is 

proteolytic cleavage of the caspases, and although its primary target is a 

matter of controversy (293), it was shown to affect cleavage of caspase-10 and 

7, with a weaker effect on the other caspases (294).

Another possible mediator of endometrial apoptosis is Fas antigen which is 

expressed throughout the cycle, particularly in the glands at the basalis (156). 

M echanisms for cytotoxic T lymphocyte/NK cell induced target ceil death 

through the Fas/Fas ligand (FasL) were dem onstrated (295), these probably 

involve trimerisation of Fas (APO-1, CD95). Trimerisation facilitates the 

interaction of its cytoplasmic tail, containing the 'death domain' with the 

corresponding domain of the adaptor m olecule Fas-associated protein with 

death domain (FADD), this complex interacts through the caspase FLICE 

(caspase-8) to activate other caspases and to induce apoptosis (293), (Figure

7.1.).

T N F a  can induces apoptosis in the human endometrium (296), where both the 

cytokine and its receptors were demonstrated (156). TNF receptor (TNF-R1) 
activation allows binding of its death domain to its adaptor TRADD, which in
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turn initiates caspase-10, and this in turn stimulates the level two caspase-3 
(297), (Figure 7.1.).

TG Fpi and TGFJ32 have been im plicated in the regulation of rat stromal 

apoptosis in vitro (298), and more recently, a related human gene eba f 

(endometrial bleeding associated factor) which is maximally expressed before 

and during bleeding, has been identified (299).

Bcl-2, which has been detected in the endom etrium , can prevent apoptosis

(300). Recently other members o f the same family were found in the 

endometrium, some of which inhibit (Bcl-X[J but others stimulate (Bax. Bcl- 

X s, Bad) apoptosis. Members of this family form dimeric structures, the 

balance of which determines the cellular response to the apoptotic stimulus 

(284. 301). Bcl-2 expression in target cells was shown to inhibit NK ceil 

induced-GraB and perforin m ediated-apoptosis. through inhibition of 

Caspase-3 (3027 Although this was contradicted by others who reported 

inhibition only with purified substrates, and that this was bypassed by other 

granule components (303) these possibly include the slower agent GraA(.304).

The role of c-myc proto-oncogene in apoptosis is complex, dependent on the 

interaction with other proto-oncogenes as bcl-2 and p53 , and growth factors it 

induces either proliferation or apoptosis (284). The tumour suppressor protein 

p53 activates apoptosis. partly through up-regulation of Bax, but this is 

blocked by Bcl-2 (305). and this block is partly mediated through Bcl-2 

binding to p53-binding protein (306). The m echanism  of p53  induced 

apoptosis also involves the interaction with p21 WAF/C1P1 gene product which 

inhibits cvclin-Cdk complex and thereby blocks the transition from G1 to S 

(284).

7.1.1.2. Apoptosis in the endometrium

Apoptosis may have a role in m enstruation, (282, 288, 307), and was 

demonstrated in endometrial epithelium , but not in the non-decidualized 

stroma (308).

7.1.1.3. Apoptosis during the menstrual cycle and on HRT
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The incidence of apoptosis varies w ith the phase of the cycle. In the 

epithelium, apoptosis is absent during the FP, present during the earlv-LP and 

rises gradually to a peak during the menstrual phase (296). Apoptosis is higher 

in the basalis of the glands, but only a few strom al cells exhibit the 

phenomenon at any stage (296). Apoptotic stromal cells may include CD56+ 

cells which undergo apoptosis during the late-LP or in the decidua in cases of 

pregnancy failure (254). There are no studies, to date, on the incidence of 
apoptosis under cHRT.

Although apoptosis mainiy affects epithelial ceils in the basalis, and less 

extensively the stroma (284, 296, 309), one study reported a higher incidence 

in the functionalis (310).

7.1.1.4. (Estrogen and progesterone effect on apoptosis

The association between uterine epithelial apoptosis and oestrogen withdrawal 

was demonstrated in the mouse (311), the ham ster (312), and the rabbit (287, 

308). Apoptotic bodies can be detected from  the 20th day of the human 

menstrual cycle, and by the 22nd day 80% o f the curettings become positive. 

From the 24th day to the 28th day of the cycle apoptosis is present in 90-100% 

of curettings (288).

Progesterone, as well as oestrogen, affected the rate of cell death in the rabbit 

(287). (Estrogen decreases apoptosis and progesterone, but not oestrogen if 

given alone, promotes cell survival. The reduction in apoptosis induced by 

progesterone is more than if both hormones were co-administered (287. 308). 

Furtherm ore, the anti-progesterone RU 486 increases the incidence of 

apoptosis, but the anti-oestrogen tamoxifen appears to be ineffective (308).

7.1.2. Bcl-2

Bci-2 is localised in the intracvtoplasmic p an  of mitochondrial membranes of 
ceils characterised by apoptosis (313). It prolongs survival by protecting 

against apoptosis (300). Bcl-2 and other m em bers o f its family form into 
dimeric structures, and their net effect is dependant on the resulting balance 

(284). Bcl-2 acts either as a channel protein with membrane transport effect on 

Ca2+ and on proteins as the mitochondrial protease activators (cytochrome-c 

and apoptosis-inducing factor (AIF), and/or it can act as an adaptor/docking
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protein that can bind to several proteins including p53-BP2, GTPases, and the 
protein kinase Raf-1 (306).

7.1.2.1. Bcl-2 in the endometrium

The relation between Bcl-2 and apoptosis, suggests a possible involvement in 

the mechanisms of bleeding (156). Bcl-2 is m axim um  in the uterine glandular 

epithelium  in the late-FP, and is weaker or totally negative in the LP (309, 

314). In the glandular epithelium, Bcl-2 im m unoreactivity increases from the 

functionalis into the basalis (156). Bax protein  is localised mainly in the 

epithelium with little staining in the stroma, and is strongly expressed during 

the LP in the functionalis (301, 315). Epithelial expression in the FP has been 

variably reported as strong (301), or modest (315). Stronger Bcl-X (both Bcl- 
X ions Bcl-Xshort) staining was also found in the LP especially in the 

functionalis (315).

7.1.3. Detection of Apoptosis and Bcl-2

In hematoxylin-eosin (H&E) stained sections, apoptotic cells are identified by 

marginal hyperchromatin and deep eosinophilic cytoplasm, this develops into 

apoptotic bodies containing nuclear fragm ents and a scanty cytoplasm, but 

identification is facilitated using TUNEL or ISEL (2.1.5.3.), Bcl-2 can be 

detected using IHC and monoclonal antibody.

7.2. Aim

To determine the incidence of apoptosis and the expression of Bcl-2 as indices 

of steroid action in the late-PLP, in comparison to the physiological cycle.

7.3. Material and methods

7.3.1. Study population and regimen

Were described previously (2.1.1., 2.1.2., 4.3.1.).

7.3.2. Immunohistochemistry and TUNEL
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IHC for Bcl-2 (Appendix 2), and TUNEL, were described previously (2.13.2,

2.1.5.3.).

7.3.3. Statistical analysis and sample size

Were considered previously (2.1.7.).

7.3.4. Image analysis

Was described previously (2.1.6.),

The number of TUNEL+ cells and of Bcl-2+ stromal cells were counted in 17 

random hpf(x400)/section. Bcl-2 staining in the glands was assessed by 

measuring the percentage of the glands that stained positive in 17hpf (x200). 

The intensity of immunoreactivity was scored subjectively as nil=0, weak=l, 

or strong=2. The percentage staining positive multiplied by the Intensity Score 

yielded the Total Staining Score.

7.4. Results

7.4.1. Apoptosis

Apoptotic cells exhibiting the characteristic hyperchromasia and margination 

of heterochromatin and deep eosinophilic cytoplasm, were identified in H&E 

sections using light microscopy. These were single subepithelial cells or small 

clusters within the glands. Apoptotic cells were more frequent in the late-LP 

and least during the FP, but the overall incidence was low (Figure 7.1.), and 

only very occasionally were they seen in the stroma. More often apoptotic 

bodies were seen near the base of the glands. The same pattern was confirmed 

using TUNEL. There was a statistically significant increase in the number of 

TUNEL+ epithelial cells during the late-LP compared to the earlv-LP 

(p=0.003) and the mid-LP (p=0.003), and between the late-PLP and the early- 

LP (p=0.03) and mid-LP (p=0.03). There was no statistically significant 

difference between the late-LP and the late-PLP (Table 7.3.).

7.4.2. Bcl-2
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In the stroma, the vascular endothelium and perivascular cells were negative, 

and immunoreactivitv was localised to individually scattered round cells 

which were morphologically similar to leukocytes. The number of these ceils 

remained stable during the early-LP and the mid-LP, but increased markedly 

during the late-LP. A comparable pattern o f immunoreactivity was noted 

during the late-PLP. Tne difference between each of the late-LP or the late- 

PLP on one hand, and the early or the m id-LP on the other was statistically 

significant (p<0.05) (Table 7.4.).

Bcl-2 expression was also noted in the glandular epithelium, although 

immunoreactivity was patchy and weak, particularly during the mid-LP and 

the late-LP and the late-PLP (Table 7.4., Figure 7.5.). The luminal epithelium 

expressed Bcl-2 more consistently than the glandular epithelium in all the 

stages examined (Table 7.4.), but there were no statistically significant 

difference between the Total Staining Scores o f the luminal epithelium 

between the different stages.

7.5. Discussion

Although TUNEL is not specific for apoptosis (198), confirmation of light 

microscopic features excluded the possibility of false positive readings. The 

pattern of distribution and the low incidence of apoptosis noted in this study is 

in agreement with previous reports (296), and w ith studies using light and 

electron microscopy (288), and studies on the rabbit endometrium (287, 308). 

A recent study (310) reported the unusually high apoptotic index (number of 

apoptotic cells/the total number of cells xlOO), during the late-LP, of 70.7%, 

74.7%, and 79.7% in the surface epithelium, the glandular epithelium, and the 

stroma respectively, and that apoptosis is present in the functionalis but not 

the basalis. This in not supported by the current study or by others (156. 309). 

The reason for this discrepancy is unclear, but may be due to factors of tissue 

fixation or processing that may have increased tissue necrosis. The low 

incidence of apoptosis is also consistent with the known short cycle (1-3 hour) 

from initiation to cell elimination (197).

T cells and TNF-a may have a role in human endometrial apoptosis (156). 
T N F -a and IFN-y produced by T lymphocytes (together with other cytokines), 

may play a role in inhibiting cellular proliferation and inducing apoptosis in a 
gradient diffusion model from the basal through to the more superficial layers
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(156). The findings in the present study could be explained through a similar 
mechanism , for a relative cestrogen deficiency may induce less IFN-y and 

T N F -a  which may be responsible for the higher proliferative activity and the 

lower rate of apoptosis observed (although the latter did not reach statistical 
significance).

There remains some disagreement over the pattern of Bcl-2 expression in the 

normal endometrium (301, 314, 316, 317). In the glandular epithelium, Bcl-2 

was reported present during the eariy-LP (314), or to disappear 2-3 days after 

the onset of secretory changes, with weak im m unoreactivity in the late-LP 

(316), or to persist during the LP, although the extent and the intensity were 

both reduced compared to the FP (317). Strong epithelial staining was noted 

during the early-LP, no epithelial staining during the mid-LP or the late-LP

(301). S trom al im m unoreactivity was rep o rted  to increase in the 

predecidualized or late-LP endometrium (316, 317). This is mostly accounted 

for by lymphoid ceils especially CD56+ (301. 317). One study reported a 

gradual decrease in Bcl-2 expression during the early-LP to late-LP, and - in 

disagreem ent with other published work - no cyclic changes in the stroma 

(309).

This study is in agreement with two detailed studies (156, 317) which 

specifically addressed the distribution of Bcl-2 in the different compartments 

of the endometrium. Tne similar pattern and intensity of Bcl-2 expression on 

cHRT where progestogen levels were m aintained till the end of the PLP, 

supports the finding of a previous study (317), that HCG rescue in the late-LP 

had no effect on Bcl-2 expression. Apoptosis was also observed in the decidua 

despite high plasma progesterone and endometrial PR mRNA (318). There is 

thus evidence that the fall in epithelial Bcl-2 expression which is observed 

during the LP (although possibly initiated by progestogen), continues 

irrespective of a subsequent fall (as in the natural cycle), steady state (as in the 

HRT model), or rise (as in HCG rescue model) in progestogen, and may thus 

be an insensitive marker of progestogenic effect. Furthermore, the subsequent 

occurrence of bleeding after progestogen w ithdraw al and the ability of 

progestogens to rescue the endometrium and to prevent shedding, argues 

against the hypothesis that Bcl-2 has an important regulatory role with regards 
to bleeding. It is, however, possible that the fall in Bcl-2 has a permissive 
effect in relation to apoptosis. It is interesting that Bcl-2 expression was found 

not to correlate with the occurrence of apoptosis in eutopic endometrium, and
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not to show cyclical fluctuations in ectopic endometrium (309), which may 

argue against a significant role in regulating cell death. On the other hand, 

clarification of the role of Bcl-2 may be achieved through the study of its 

interactions with other members of this family such as Bax, Bc1-Xl, Bci-X$, 

and their dimerization, but the phenomenon remains incompletely understood, 

and there is lack of agreement on the exact pattern of expression of this family 
during the cycle (301, 315').

The findings in the present study of only a small number of apoptotic ceils in 

premenstrual endometrium from both the physiological as well as cHRT 

cycle, is in agreement with others (309, 315), and argues against a significant 

role in the phenomenon of bleeding, it is possible that the role of apoptosis is 

in preparing for tissue repair during the FP.

Apoptosis in the endometrium may be induced through mediators as tumour 
necrosis factor-a (TNFa). The expression of both the cytokine and its 

receptors (TNFr-I and TNFrll) have been demonstrated in the endometrium 
(156). The level of TNFa expression in the endometrium increased gradually 

throughout the secretory phase to peak prior to menstruation, and although 

immunohistochemical and Western blot studies showed that the level of 

receptors did not fluctuate with the phase of the cycle, higher receptor levels 

were found near the base of the glands where apoptosis is most frequently 

found (156). Maximum Bci-2 expression, which was reported to protect 
against TNFa-induced cytotoxicity (319), was also noted near the base of the 

glands at the same site where apoptosis is increased, this suggest that the 

prim ary role of these factors is in the regulation of proliferation and 

differentiation, rather than in menstruation.

The exact factors modulating Bcl-2 expression are not clear, although its 

cyclicity suggests hormonal control (314). This, however, does not provide 

evidence as to which steroid is more influential. The data from the current 

study suggests that a fall in progesterone is not essential to the continued drop 

in Bcl-2. It is possible, however, that the continued fall is a reflection of a 

’relative’ progestogen deficiency secondary to low levels of receptor, or a 

reflection of ’programming’ that was initiated by the commencement of 

progestogen.
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Figure (7.2. a-d.)

Apoptosis in the tonsil (a), and in the glandular epithelium  during the late-LP (b), and the 
late-PLP (c, d ) , dem onstrated by TU NEL.
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Phase of the cycle Epithelial apoptosis

Early-LP 0.5 (1.07)

Mid-LP 0.6(1.06)

Late-LP 8.5 (6.3)1

Late-PLP 5.5 (6.0)2

Table (7.3.)

T he num ber and (SD ) o f ceils exh ib iting  apop tosis  in I7hpf(x400) in the lum inal and the 
g landular epithelium  during the d ifferent stages o f  the LP and the late-PLP.

S tatistically significantly higher than the ea rly -L P  and the m id-LP (p<0.05).

Phase of the 

cycle

Stroma Glands Luminal epithelium

No. of -i-ve 
cells (SD)

Percentage 
-i-ve (SD)

Total 
staining 
score (SD)

Percentage 
+ve (SD)

Total 
staining 
score (SD)

Early-LP 31 (29) 40 (38)3 50 (46)4 60 (54) 60 (54)

Mid-LP 29(16) 5(8.3) 5(8) 40 (54) 60 (89)

Late-LP 107 (79) 1 11 (ID 1 1 ( 11) 71(48) 71 (48)

Late-PLP 108 (62)— 15 (18) 15(18) 89 (29)5 90(61)

Table (7.4.)

Bcl-2 expression during the LP and the late-PLP.

1 S tatistically significant difference from early-L P  (p=0.03), and the m id-LP (p=0.01).
-  S tatistically  significant difference from early -L P  (p=0.001) and m id-LP (p=0.008).
3 S tatistically  significant difference from m id-L P  (p=0.036), late-LP (p=0.034), and late-PLP 
(p=0.036).
~ S tatistically  sign ifican t d ifference from m id-L P  (p=0.028), la te-LP  (0.02), and late-PLP 
(0.014).
5 Statistically significant difference from m id-L P  (p=0.009).
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Figure (7.5. a,b.)

Bcl-2 expression during the early-LP, and mid-LP.
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Figure (7.5. c,d.)

Bcl-2 expression during the late-LP, and late-PLP.

Figure (7.5. a-d.)

Bcl-2 expression during the LP, and late-PLP.
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Chapter 8

(Estrogen receptor and Heat Shock Protein 27 
expression

8.1. Introduction

The high affinity oestrogen receptor (ER) is localised to the nucleus but not the 

cytoplasm (320), their level is predom inantly  regulated by oestrogen and 

progesterone. In the endometrium, ER expression peaks under the influence of 

oestrogen during the FP, and is inhibited by progesterone in the LP (1.12.4.2.,

1 .12.4.4.), Thus the level of receptor expression may serve as a marker for 
steroid action (142). A new ER (ER-J3), besides the classic receptor (ER-a), 

has been identified, and the possibility has also been raised for receptor 

independent mechanisms for oestrogen action (321).

Heat shock protein 27 (HSP27, synonym ous with p24 and p29), is a 27kDa 

oestrogen regulated serine phosphoprotein. It is the only member of the small 

heat shock proteins (molecular weights ranging from 16-40 kDa) identified in 

the human (322. 323). Its exact function is unknown, but it may be involved in 

thermotolerance, protein degradation or as a molecular chaperone for other 

proteins including ER (324). HSP27 expression is associated with poor 

prognosis in breast cancer, but with low grade tumour in endometrial cancer 

(325). HSP27 is variably expressed in the endometrium during the cycle 

which make it a useful marker of hormonal response (322). In contrast, studies 

of cervical cancer showed a lack of correlation between ER and PR expression 

and HSP27, which may be explained by the insensitivity of cervical cancer to 

steroids (326), but may also indicate that HSP27 in the cervix is a 

proliferation/differentiation, rather than an cestrogen/progestin marker.

The previous chapters suggest a suboptimal hormonal milieu under this cHRT, 

with a link to a hypo-oestrogenic balance. In this chapter, the level of ER and 

HSP27 expression will be examined as markers of hormone effect.

8.1.1. Expression of ER in the endometrium
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Immunohistochemical studies have shown that both the concentration and the 

distribution of ER change during the norm al menstrual cycle. There is, 

however, some lack of agreement on the exact pattern of expression. One 

study (142) reported that during the mid-FP, the late-FP and the earlv-LP (day 

7-19) about 50% ot glandular and strom al cells are positive, and that during 

the mid-LP and the late-LP (day 21-27) ER disappears from the glandular 

epithelium, while faint expression rem ain in the stroma. Others (141. 327) 

reported that the peak ER expression in the glandular epithelium occurs before 

ovulation and declines afterwards. Stromal staining may either plateau (327) 

or decline (141), from the time of ovulation into the late-LP. ER expression in 

the stroma during the FP in women receiving cHRT, was reported to be lower 

compared to postmenopausal women not on cHRT (327).

Little is known about factors other than steroids, that modulate ER, but it has 

been reported to decline in parallel with LH induced follicular atresia in mice 

(328), and in response to insulin deficiency in the hamster endometrial 

carcinoma (329). Growth hormone (GH) and triiodothyronine (T3) increase 

the transcription of ER. GH also has a regulatory role at the translational and 

the post-translational levels. D exam ethasone may have a predominantly 
inhibitory effect (330). Recently. TGF(3 1 has been shown to inhibit the 

transcription of ER. but not its activity (331).

8.1.2. Expression of HSP27 in the endometrium

The level of HSP27 is regulated by steroid hormones and other cytokines 

(332). In the endometrial glandular epithelium , HSP27 appears during the 

late-FP and decreases after ovulation, and slightly rises premenstruallv (322). 

This contrasts to the stronger expression in the luminal epithelium during the 

LP (maximum around day 21). Expression is higher in conditions of excessive 

oestrogen stimulation as in hyperplasia (333). The stroma remains negative till 

the late-LP when the predecidual cells both around the spiral arterioles and 

beneath the superficial epithelium becom e positive (322). Stroma but not 

glandular epithelium express HSP27 under the influence of prolonged 
progestin stimulation (334). Expression in the glandular epithelium is lower in 

women treated with cHRT compared to women in the early-FP or the late-FP, 

which was attributed to either the type or dose of exogenous cestrogen (334).

8.2. Aim
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To compare the expression of ER and H SP27, as markers of hormone action, 
in the late-PLP to the physiological cycle endom etrium .

8.3. Material and methods 

8.3.1. Study population and regimen

Were described previously (2.1.1., 2.1.2., 4.3.1.),

8.3.2. Immunohistochemistry

IHC for ER and HSP27 antibodies (A ppendix 2), were described previously
(2.1.5.2),

8.3.3. Statistical analysis and sample size

Were considered previously (2.1.7.).

8.3.4. Image analysis

The percentage of glands expressing ER  was counted in 17 random lpf 

(x ! 0 0 )/section and the percentage of lum inal epithelium  expressing the 

receptor was also calculated in the same area. The number of stromal ceils 

expressing ER was counted using image analysis in 17 random hpf(x400), as 

described previously (2.1.6.), HSP27 staining in the glands was measured by 

calculating the percentage of glands that stained positive in 171pf (xlOO). 

HSP27 staining was evaluated by determining the proportion of tissue stained 

(P), multiplied by the intensity of staining ( i ), which was assigned scores. 

0=none, l=weak, 2 =distinct. and 3=strong. The total score (T/score) was 

calculated using the equation:

T/score=X Pi (i + 1) (141, 335)

8.4. Results

8.4.1. Expression of ER
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ER was uniform throughout each section in the physiological cycle, and was 

stronger in the luminal and glandular ep ithelium  and in the stroma of the 

earlv-LP compared to the mid-LP or the late-LP (Figure 8.1.). There was also 

a gradual decline in the total number and the proportion of stromal cells that 

expressed ER during the later phases o f the cycle (Table 8.2., Figure 8.3.1. The 

percentage ot positive stromal cells in the earlv-LP was significantly different 

from the mid-LP (p=0.05) and the late-LP (p=0.05). Also the total number of 

positive stromal cells was statistically sign ificantly  different between the 

earlv-LP and the mid-LP (p=0.01). N o stain ing  was seen in the vascular 

endothelium . ER expression did not exh ib it any site specific preferential 

expression or any predilection depending on gland size or shape.

U nder cHRT, the pattern of exp ression  varied . Sm aller glands were 

predom inantly positive whilst the la rger g lands, which exhibited more 

advanced secretory features, were negative. Some glands contained positive 

and negative cells, although the m ajority were uniformly either positive or 

negative. Staining in the surrounding strom a followed a similar pattern, with 

the stroma surrounding positive glands being predominantly positive, and vice 

versa. Semi-quantitative analysis dem onstrated stronger immunoreactivity in 

the glandular and luminal epithelium, but not the stroma (Table 8.2.. Figure

8.3.). The high expression of ER in the glandular epithelium is attributable to 

the expression of ER in the more p reva len t sm aller glands. There was. 

however, a wide patient-to-patient variability  as demonstrable by the wide 

standard deviation of the data. There w as no difference in expression in 

telescopic glands. The oniy statistically significant differences were between 

the late-PLP and the eariv-LP in the num ber and the proportion of positive 

stromal cells (p=0.0025, and p=0.01  respectively).

8.4.2. Expression of HSP27

HSP27 expression was strong in the lum inal epithelium  throughout the LP, 

but the predominantly HSP27+ ep ithe lium  was interrupted by HSP27" 

segments. At some gland openings, positive lum inal and glandular epithelium 

appeared continuous. The overall expression in the glandular epithelium was 

very weak, and positive and negative glands were scattered in the stroma and 

only rareiy appearing in clusters (F igure 8.4.). There was no discernible 

preferential expression in relation to gland size or location. Semi-quantitative 

assessm ent (Table 8.5.), dem onstrated h igher HSP27 in the earlv-LP 
compared to the late-LP in both the luminal and the glandular epithelium, but
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the differences were not statistically significant (p>0.05). The stroma was 

predom inantly  negative during the earlv-LP and the mid-LP, but HSP27 
expression was higher in the late-LP.

The pattern of expression in the luminal epithelium  in the late-PLP was 

similar, but the HSP27" segments were larger which accounted for the weaker 

overall expression. These differences were statistically significant (p=0.001, 

0 .001 , and 0.04 compared to the earlv-L P , m id-LP, and the late-LP 

respectively. Table 8.5.). Glandular staining followed the same pattern as in 

the physiological cycle, although staining was, again, very weak. Expression 

o f HSP27 was lower in glands in the late-PLP com pared to all stages of the 

LP, but the difference was statistically significant only in comparison to the 

early-LP (p=0.05). There was no preferential expression of HSP27 in relation 

to glandular size, distribution, or in the previously noted telescopic glands. 

The late-PLP exhibited the highest stromal HSP27 expression (Table 8.5.).

8.5. Discussion

Image analysis was used to quantify ER and PR in breast tumours (336-338), 

w ith a high agreement for ER and PR (86.7%  and 91.1%, respectively), 

com pared to quantitation using dextran charcoal-coated method (DCC) (338). 

Receptor expression can be measured either as the percentage of positive area 

(P A = positive  nuclei/total nuclei), or the percen tage of positive stain 

(PS=sum m ation of optical density of the positive nuclear area divided by the 

sum m ation of the optical density of all the nuclei studied). Measurement of PS 

optical density was shown not to improve the correlation between PA and 

DCC (338), and as the correlation between PA and the more complicated 

m easurem ent PS was high (r=0.99 for ER: r=0.97 for PR), therefore PA 

m easurem ent was used in this study. Thus im age analysis, although semi- 

quan tita tive , combines an acceptable correla tion  with receptor content 

(correlation between the PA and DCC for ER, r=0.71 (338)), with the added 

advantage of enabling antigen localisation.

The pattern of ER expression during the physiological cycle is similar to that 

ascertained from the literature, but expression in the epithelium during the 

late-PLP was higher. This was mostly accounted for by the propensity of 

sm aller glands lacking secretory feature. T his apparent retardation of 

glandular development may be due to an inadequate oestrogen priming or to

169



poor response to progestogens. The low expression o f ER in stromal cells and 

the response to progestogen as exhibited by HSP27 expression, suggests poor 

oestrogenic priming rather than inadequate progesterone. However, the latter 

cannot be ruled out as it has been dem onstrated  that cestrogens and 

progestogens can have a selective differential effect on each of the gland and 

strom a (339). Thus a dose or a p reparation  that is adequate for one 

com partm ent, may not be so for the other. For example. 19-nortestosterone 

derivatives used in oral contraceptives, have been shown to induce relatively 

more stromal decidualization and gland atrophy compared to progesterone 

derivatives (69). Also, the low HSP27 expression in the luminal epithelium 

and the glands during the late-PLP, may reflect poor oestrogenic response in 

the earlier phases, but the higher expression  in the stroma may reflect 

adequate progestogen action (decidualization. increases stromal HSP27).

The level of HSP27 expression in the glandular epithelium during the LP was 

low and did not exhibit a premenstrual rise. On the other hand, expression in 

the luminal epithelium was constantly high and did not exhibit a mid-LP peak 

as reported previously (322). The discrepancy may be related to the small 

sam ple size (n=3), and non-use of statistics in the older study (322). In 

agreem ent with previous observations (141. 340) endothelial cells were ER'.

The observation that some of the smaller diam eter glands strongly expressed 

ER during the late-PLP whilst adjacent glands were E R ', may be related to a 

th resho ld  effect of steroids in recru iting  g landular proliferation and 

differentiation. This in turn may be a function of both steroid levels and a 

strom al 'diffusion gradient' that is dependent on the proximity to blood 

vessels.

The different level of expression of functional markers between the two 

groups demonstrated dissociation betw een endom etrial behaviour and 

functional markers. This is in agreem ent with the observation of a similar 

concentration of ER and PR in women with menorrhagia compared to women 

with normal menstrual loss (341), and may be a function of the role of second 

m essengers as cAMP, protein kinase A, protein kinase C, AP-1, insulin-like 

growth factor-I (IGF-I), Epidermal growth factor (EGF), and the erbB/HER 

ligand. gp30 in controlling or modifying the action of steroids (342. 343).
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Figure (8.1. c,d.)

The expression o f ER during the late-LP (c), the late-PLP (d). 

Figure (8.1. a-d.)

The expression of ER during the LP and the late-PLP.
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Phase of the % Positive +ve Stromal cells

cycle Luminal
epithelium

Glands Stromal
cells

Total
number

Number 
corrected 
for density

Earlv-LP 3 0 (4 0 ) [0- 
101

33(40)[0-  
10]

47 (1 9 )[3 8 -  
56]

239 (148) 
[194-285]

1881(116) 
[152-224]

Mid-LP : :  (34) [o- 
80]

20 (27)[0- 
60]

27- (26) [0- 
60]

116(113)
[0-252]

109(106)
[0-238]

Late-LP :o  (34) [o- 
80]

20 (30)[0-  
80]

253 (29) [°~ 
76]

160(185)
[0-480]

100(116)
[0-301]

Late-PLP 4 2 ( 4 5 ) :0- 
100]

40 (36 )[0 - 
80]

224 (25) t°" 
67]

865 (109) 
[0-245]

88(112) [0- 
277]

Table (8.2.)

T h e  p ercen tag e  o f the lurmnai epithelium that w as E R  "7 and  the percen tage of glands that 
ex p ress  ER  in lTlpffx 100'. and the number and p erc en ta g e  o f  strom al cells that express ER in 
17hpf (x400). N um ber, tS D >. and [range].
1 S ta tis tica lly  significant compared to the late-PLP (p = 0 .0 5 ).
-  S ta tistica lly  significant compared to the earlv-L P  (p = 0 .05 ).
3 S ta tis tica lly  significant compared to the earlv-L P  (p= 0 .05 ).
4 S ta tistica lly  significant compared to the earlv-L P  (p= 0 .01 ).
- S ta tistica lly  significant compared to the earlv-L P  (p=  0 .002).

cr„
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90 1 
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70 "
60 "
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40 “

■  Luminal epithelium 
OH Glandular epithelium

Phase of the cvcle

Figure (8.3.)

The expression of ER in the glandular and the luminal epithelium during the early-LP, the
mid-LP, the late-LP and the late-PLP.
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Figure (8.4. a,b.)

The expression o f  HSP27 in the early-LP (a), the m id-LP (b).
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Figure (8.4. c,d.)

The expression o f  HSP27 in the late-LP (c), the late-PLP (d). 

Figure (8.4. a-d.)

The expression of HSP27 in the LP and the late-PLP.
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Phase of the Luminal Glandular Strom a

cycle T/score T/score Negative W eak Positive

Earlv-LP 174 (47) 91 (75) 14/17 3/17 0/17

M id-LP 170 (43) 60 (57) 14/17 3/17 0/17

Late-LP 151 (76) 58 (67) 9/17 3/17 5/17

Late-PLP 103 (38)1 43 (43)2 0/17 0/17 17/17

Table (8.5.)

T he total sco re  (T /score) o f HSP27 expressed in the lum inal and  the g landu lar epithelium in 
171pf(xl00), and the num ber and staining intensity  o f  the strom a in 17hpf(x400).
1 S tatistically  significantly  lower com pared to all phases o f the physio log ica l cycle (p<0.05).
-  S tatistically  sign ificantly  lower com pared to the early -L P  (p=0 .05).
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Chapter 9

Expression of Progesterone Receptor & c^-PEG

9.1. Introduction

(Estrogen, through an intragenic oestrogen-responsive element (ERE), is the 

m ain stim ulator of PR gene expression. Progesterone down regulates PR 

through a protein-protein interaction between PR. ER and the same ERE 
(345). Synthesis of a 2-PEG, which is the major secretory protein in the 

endom etrium , is progestogen dependent, and its concentration fluctuates to 

reach a maximum in the functionalis of the secretory endometrium. The level 
o f PR and ct2-PEG could thus serve as markers of cestrogen/progestogen 

balance, which wiil be addressed in this chapter.

9.1.1. Expression of PR in the endometrium

In the mid-FP (day 7-3). 25% of stromal and glandular cells are PR+. During 

the late-FP and the earlv-LP (day 9-19), the majority (75%) of glandular ceils 

and half the stromal ceils are positive. During the late-LP (day 21-27), PR 

disappears from the glands but remains faintly positive in the stroma (142). In 

a limited observation on two postmenopausal women - one of whom was on 

cHRT (during the oestrogenic phase) - there was strong glandular staining and 

moderate stromal staining for PR (327).

9.1.2. Expression of a 2-PEG in the endometrium

Pregnancy-associated endometrial a 2-giobulin (GC2 -PEG) also known as 

P lacental Protein 14 (PP14), Progestogen-dependent Endometrial Protein 

(PEP), Endom etrial Protein 15, or Progesterone-associated endometrial 
protein (PAEP) (344), is an a 2-globulin with a molecular weight of 56000 on 

gel chromatography and 28000 on polyacrylamide gel. Synthesis of a 2-PEG 

seem s to be dependent on the developm ent of secretory changes after 
ovulation. Quantitatively, it is the m ajor secretory protein product of the 

decidua and the major soluble product of the endometrium during the late-LP 
(235). The function of a 2-PEG remains unknown, but it may have a role in
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m aternal immune tolerance (178). C62-PEG suppresses T and NK cells, and 

inhibits IL-2 mediated T ceil proliferation (344).

During in vitro incubation, a higher rate of release was found in the secretory 
com pared to the proliferative endometrium (179). The (X2-PEG production is 

in itiated  at LH +6 to LH~ 7 and rises thereafter to a maximum in the 
functionaiis zone during the late-LP (345). A rise in serum CC2-PEG was 

observed in postmenopausal women on cHRT during the PLP (183), but this 
did not correlate with the histological stage (160). The 0C2-PEG rise is related 

to the type of progesterone (Levonorgestrel>M PA ), and is dependent on 
oestrogen pre-priming (180), and possibly o ther factors (346). a  2-PEG is 

therefore a suitable marker of progestogenic response in the second half of the 

LP (235).

9.2. Aim

To study the expression of a 2-PEG and PR during the late-PLP in comparison 

to the LP, as an index of steroid effect.

9.3. Material and methods

9.3.1. Study population and regimen

Were described previously (2.1.1., 2.1.2., 4.3.1.),

9.3.2. Immunohistochemistry

IHC for PR and (X2-PEG (Appendix 2), was described previously (2.I.5.2.). 

C1C2-PEG mouse monoclonal antibody (Code 2C H 11) (347), was used.

9.3.3. Statistical analysis and sample size

W ere considered previously (2.1.7.),

9.3.4. Image analysis

For PR and a?-PEG , this was performed as described previously for ER and 

HSP27 respectively (8.3.4.). Also the total glandular area expressing CC2-PEG
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was measured in IThpf (x2 0 0 ) per section (equivalent area of 1.59mm-) and 
expressed in mm and as a percentage.

9.4. Results

9.4.1. Expression of PR

PR expression was nuclear and was seen during all stages of the LP as well as 

the late-PLP. In the glands and the lum inal epithelium, expression was 

stronger during the earlv-LP and gradually regressed, till it almost disappeared 

during the late-LP. The stroma exhibited a sim ilar pattern but expression, 

although weaker, did not disappear in the late-LP. Endothelium was negative. 

The late-PLP exhibited little PR in the glandular and luminal epithelium, and 

stronger staining in the stroma. There was no expression in vascular 

endothelium (Figure 9.1.).

On quantitative assessment (Table 9.2.). PR was higher in the luminal 

epithelium  during eariy-LP (47%) com pared to the mid-LP (6.7%) and the 

late-LP (8.2%), and the difference between the earlv-LP and each of the mid- 

LP (p=0.0002), and the late-LP (p=0.006). but not between the mid-LP and 

the late-LP, was statistically significant. Similarly, in the glandular epithelium 

expression was maximum during the early-LP (55%) compared to the mid-LP 

(12% ) and the late-LP (15%), and the difference between the earlv-LP and 

each of the mid-LP (p=0.001), and the late-LP (p=0.01), but not between the 

m id-LP and the late-LP, was statistically significant. Expression of PR in 

strom al cells during the normal menstrual cycle appeared uniform and was 

highest during the eariy-LP, but the d ifferences were not statistically 

significant (Table 9.2. ). Expressed as a function of the total number of stromal 

ceils (Table 9.2.), the proportion that was PR~ was constant through the early- 

LP and the mid-LP (47.7% and 48.5%. respectively), but was lower during the 

late-LP (34%).

Expression of PR in the glandular (18%) and the luminal (20%) epithelium 

during the late-PLP was lower compared to the early-LP, but higher compared 

to the mid-LP, or the late-LP. During the late-PLP, PR expression was higher 

in some of the smaller size, but not in the telescopic glands, the smallest ER+ 

glands were PR"- The difference in expression in the glands was statistically
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significant compared to the eariy-LP. in both the luminal (p=0.02), and the 

glandular (p=0.006) epithelium ( Figure 9.1.. Table 9.2.).

The number of PR+ stromal cells during the late-PLP was lower compared to 

all stages of the physiological cycle, but the difference was statistically 

significant only when compared to the eariy-LP. When expressed as a 

percentage of total stromal ceils. PR was somewhat higher during the late-PLP 

but the difference was not stadsticallv significant.

9.4.2. Expression of ag-PEG

CX2-PEG was detected only rarely during the eariy-LP, and then only in a few 

glands. The glandular area expressing ct2-PEG increased to its peak during the 

mid-LP and the late-LP and most glands appeared positive (Figure 9.3., Table

9.4.). Staining in the luminal epithelium followed the same pattern but was 

weaker, and there was no staining in the stroma. Using image analysis, and 

T/score (Table 9.5.j, the mid-LP peak was confirmed, and the difference 

between the early-LP and both the mid-LP and the late-LP was statistically 

significant (p=0.012 and p=0.003 respectively), the difference between the 

mid-LP and the late-LP was not statistically significant.

During the late-PLP, expression of a 2-PEG was noted in the majority of the 

g lands, but a higher proportion, especially o f the sm aller glands, were 

negative. The luminal epithelium was predominantly positive but weak. The 
glandular area expressing a 2-PEG during the late-PLP was higher compared 

to the eariy-LP but lower compared to the mid-LP or the late-LP (Table 9.4.), 

and the differences were statistically significant (p=0.04, p=0.003, p=0.001, 

com pared to the eariy-LP. mid-LP. and late-LP respectively). There was no 
difference in GC2-PEG expression in the telescopic glands, and no staining in 

the stroma.

G landular secretions were positive. The highest expression was during the 

late-LP, com pared to the mid-LP, whilst this was negative or very week 

during the eariy-LP. During the late-PLP secretions occupied a mid position 

between the late-LP and the mid-LP.

9.5. Discussion
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The accuracy of image analysis in assessing steroid receptor expression has 

been addressed previously (8.5.). PR expression in the glandular and the 

luminal epithelium followed the expected pattern and the higher level was 

noted in the early-LP compared to the late-LP. This is mostly attributable to 

inhibition by progesterone. The tendency to a higher level during the late-PLP 

may be explained by an inability of the progestogen, in the dose prescribed, to 

mimic the physiological erfect. An inverse relation between the expression of 
PR and a  2-PEG is apparent in the physiological cycle. The highest PR 

expression is during the eariy-LP which exhibit the lowest ccg-PEG, whilst low 

PR expression during the mid-LP and the late-LP is accompanied by the 
highest ot2-PEG expression. This relation seems to be retained during the late- 

PLP.

The quantitative expression of ag-PEG  demonstrated that the late-PLP is not 

com parable to either of the stages o f the LP. being higher compared to the 

early-LP, but lower than the m id-LP or the late-LP. This demonstrates a 

suboptimal progestogenic response, which may be secondary to a suboptimal 

oestrogenic induction of progesterone receptor, or a function of the type of 

progestogen used or both. But the higher expression of PR during the late- 

PLP, suggests that the suboptimal progestogenic response may be related to 

the type or dose of progestogen used (or to both ). Lower expression of ER in 

the strom a of the late-PLP (8.4.1.), together with evidence of suboptimal 

progestogenic response suggest that suboptim al production of the ER. rather 

than excessive progestogen m ediated suppression is the more likely 

explanation. This is supported by the persistence of PR expression in a 

proportion of the glands during the late-PLP. In turn, it is also possible that a 

suboptimal PR expression (which may parallel low ER levels) during the eariy 

stages of the PL? may have contributed to the poor progestogenic response. 

The suboptimal PR expression may be due to an overall low level or receptor 

or to an alteration of the PRa/P R b balance in the endometrium.

It was argued that the late expression of olz-PEG  (luteal day 5), suggests that it 

is not directly dependent on either oestrogen or progesterone, but by 'endocrine 

regulators for decidualization’ (236). Factors known to affect serum levels of
O-2 -PEG include the antioestrogen tam oxifen, the antiprogestin RU486, 

c lom iphene citrate. HCG and the G nRH  analogue buserelin (344). 
U nidentified factors also influencing serum  0C2 -PEG levels (348). A 

glucocorticoid/progesterone regulatory elem ents (PREs) have been found in 
the ag-PEG gene, and these elements bind purified PR in vitro (349). It is thus
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possible that the other factors that affect 0C2-PEG secretion may act by 

m odifying the response of this PRE, thus CC2-PEG secretion would reflect the 

balance of these factors. In cHRT specimens, CC2-PEG production was reduced 

desp ite  evidence of strom al decid u a liza tio n , which emphasises the 

d issociation between stromal and gland developm ent, and between gland 

development and menstrual function.

This study demonstrates a subopdmal progestogenic response in cHRT treated 

endom etrium , despite somewhat higher PR expression. It is possible that 

cHRT treatment produces:

1- Adequate PR but that the progestogen is inadequate to suppress PR or to 
produce (X2-PEG.

2- PR levels during the early-PLP are less than during the physiological cycle 
and that this may have contributed to the inadequate (X2-PEG synthesis.

3- Combination of 1 and 2

4- The total PR levels are adequate but the balance between PRa/PRb is not.
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Figure (9.1. a,b.)

The expression o f PR in the early-LP (a), and the m id-LP (b).
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Figure (9.1. c,d.)

The expression o f  PR in the late-LP (c), and the late-PLP (b). 

Figure (9.1. a-d.)

The expression of PR in the LP and the late-PLP.

184



Phase of the % Positive +ve Stromal cells

cycle Luminal
epithelium

Glands Strom al cells Total number Number 
corrected for 
density

Early-LP 4 7 1 (48) 
[2 0 - 100]

552 (48) 
[2 0 - 1 0 0 ]

4 1 .1 %  (16) 
[35-75]

2 4 2 (8 1 )
[176-383]

190 (64) 
[139-302]

Mid-LP 6.7 (9.3) 
[0 -2 0 ]

12(19)
[0-55]

48 .5%  (18) 
[27-75]

205 (87) 
[135-365]

194 (82) 
[127-343]

Late-LP 8.2(13)
[0-40]

15(21)
[0-60]

34%  (9.7) 
[22-52.5]

2 1 7 (6 2 )
[108-329]

1364(38)
[68-207]

Late-PLP 20 (25) 
[0-70]

18 (29) 
[0-75]

42 .5%  (16) 
[22.5-80]

1673(65)
[91-313]

171 (6 6 ) 
[93-320]

T ab le  (9.2.)

T h e p ercen tage  o f the luminal epithelium  that w as PR  + , and the percentage of glands that 
exp ress PR  in 171pf(xl00). and the num ber and  percen tage o f  strom al cells that express PR in 
I7 h p f  (x400). N um ber. (SD), and [range].
1 S tatistically  significantly higher than the m id-LP, late-LP, and the late-PLP (p<0-05).
-  S tatistically  significantly higher than the m id-L P  and  la te-L P  and the late-PLP (p<0.05).
- S tatistically  significantly lower than the early-L P  (p=0.023'>.
4 S tatistically  significandv lower than the early-L P  (p=0.024).
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Figure (9.3. a,b.)

T he expression o f  012-PE G  in the early-LP (a), the m id-LP (b).
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Figure (9.3. c,d.)

The expression o f  0C2-PEG  in the late-LP (c), the late-PLP (d). 

Figure (9.3. a-d.)

The expression of 0 C2 -PEG in the LP, and the late-PLP.
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Phase of the 
cycle

Percentage of 
total area

m m -/1.59m m -

Early-LP 0.061 (0.82) 
[0.0-1.89]

0 .0 0 1 1 (0.013) 
[0.0-0.03]

M id-LP 8.57 (4.6) 
[0.077-14.7]

0.136 (0.073) 
[0.001-0.23]

Late-LP 7.68 (3.34) 
[2.02-12.8]

0.122 (0.053) 
[0.032-0.204]

Late-PLP 3.02-( 1.2) 
[0.52-4.8]

0.048-(0.019)
[0.008-0.076]

Table (9.4.)

The total g landular area expressing CC2-PEG  du rin g  the d iffe ren t stages o f the LP and the late- 
PLP. ex p ressed  as the percentage o f area s ta in e d  p e r  se c tio n , and in m m -/l7 h p f (x200), 
equ ivalen t area o f 1.59mm-. Values show n are the m ean . (SD ), and [range].

! S tatistically  significant difference from the m id-L P  (p = 0 .0 l2 )  and the late-LP fp=0.003).
- S ta tistica lly  significant difference from  the e a rly -L P  (p = 0 .0 0 1 ), the m id-LP (p=0.04), and 
the !ate-LP  (^=0.003).

Phase of the cycle Luminal T /score Glandular T/score

Early-LP 14(13) 33 (53)1

M id-LP 49 (63) 140 (60)

Late-LP 68 (48)~ 120 (61)

Late-PLP 22(11) 60 (40)3

Table (9.5.)

The T otal score (T /score i for c r - ? E G  expression in the lum inal and the glandular epithelium 
in IT lpf t xlOO). All stroma was negative.

1 S ta tis tic a lly  sign ifican tly  low er com pared  to the m id -L P  (p=0 .008), and the late-LP 
(p=0.004L
- S ta tis tica lly  significantly  higher com pared  to the  e a r ly -L P  (p = 0 .0 .1), and the late-PLP 
(p = 0 .0 3 ).
3 S ta tis tic a lly  sign ifican tly  low er co m p ared  to  th e  m id -L P  (p=0 .006), and the late-LP
(p=0.003).
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Chapter 10

Expression of von Willebrand Factor (VWF) and alpha 
Smooth Muscle Actin (aSMA)

10.1. Introduction

Blood vessels undergo sequential changes during the menstrual cycle which 

are believed to be pivotal to menstruation (1.12.5.), and it is possible that 

vasculature plavs a similar role in bleeding on cHRT. The development of the 

endometrial vasculature is, either directly or indirectly, under steroid control. 

But the development of vessels under the influence of cHRT has not been 

previously studied. The previous chapters have demonstrated differences 

between glandular and stromal features o f the late-LP and the late-PLP. Here 
the endothelial marker, vWF, and the dem onstration of aSM A  in vascular 

sm ooth muscle cell (VSMC) (350) w ill be used to study endometrial 

vasculature.

Some endometrial stromal cells differentiate to exhibit light microscopic and 

ultrastructurai features of smooth muscle ceils (351). These cells are similar to 

m yofibroblasts (352. 353), which suggests a role in regeneration and 

maintaining tissue integrity that is similar to that o f myofibroblasts elsewhere 

in the body (352). Myofibroblasts which may be induced in response to tissue 

stress (353), share with smooth muscle ceils, myoepithelial cells, and pericytes 
a-SM A . which is detected by the anti-aSM A-1 antibody (354), and has been 

shown to be under hormonal control (353).

10.1.1. Expression of Endothelial markers

Various markers, each with its own staining profile, have been used to identify 

endothelial ceils. vWF gives good staining in larger blood vessels but may be 

absent in capillaries which stain positive for CD34, CD31, or CD36 (92. 355). 

CD34 stained more vessels per unit area than vWF in the physiological cycle 

but not in progestogen treated endometrium (92).

10.1.2. Expression of vWF
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vW F is a large multimeric glycoprotein w hich is a component of normal 

haemostasis. It is localised in W eibei-Palade bodies in the vascular endothelial 

cell cytoplasm. Endometrial vWF activity during the physiological cycle has 

been variably shown to be constant (92. 355) or to vary (356, 357). Staining in 

the menstrual and the late-LP may be absent (356), or low (357). Reactivity, 

increases from the eariy-FP and decrease from  the early-LP (357). Vascular 

density  does not vary with the phases o f the cycle, but is reduced with 

prolonged high dose progestogen (92). A lthough correction for glandular size 

demonstrated an increased vascular stromal density in the LP (358).

vW F expression is affected by various factors including oestrogen, which 

increases expression, and progesterone (92. 357). The effect of oestrogen is not 

m ediated through ER and may be direct (359). Progestogens increase the 

prevalence of dilated endometrial venules (92), and low dose (20mg/day) 

levonorgestrei-reieasing vaginal ring , was shown to reduce arteriolar 

concentration, with no significant change in capillaries or venules (360). But 

changes in endometrial vasculature w ith  progestogens are not always 

consistent with the degree of the suppression o f non-vascular compartments 

(90. 360).

10.1.3. Expression of aSMA

During the FP, stromal cells are diffusely positive for aSM A, this becomes 

focal and scattered in the LP (352). aS M A + cells form scattered complete or 

incomplete cuffs around endometrial glands mostly in the basalis, and around 

dilated or cystic glands, but also occasionally in the more superficial layers 

and around some non-dilated glands (353). G landular involvement is seen in 

atrophic, proliferative and hyperplastic endom etria. but is less prominent in 

secretory endometrium where glandular cuffing is mostly in the basal inactive 

layer, or around single non-secretory glands, which suggests modulation by 
steroids (353). Endometrial blood vessels are also surrounded by aSMA+ 

cells (353). Around arterioles, they can be up to 3 layers thick, while smaller 

pre-capillaries or developing arterioles are surrounded by one layer. Staining 

intensity does not vary with the phase o f the cycle in younger women, but 

expression is higher in the mid-FP in older women, and no modulation occurs 

during the LP (350).

10.2. Aim
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To compare the expression and distribution o f aSM A  and vWF, as markers of 

strom al differentiation, during the late-PLP of regularly cycling women with 
the expression during the LP.

10.3. Material and methods

10.3.1. Study population and regimen

W ere described previously (2.1.1., 2.1.2., 4 3 .1 .).

10.3.2. Immunohistochemistry

IHC for vWF and aSMA antibodies (A ppendix 2), was described previously

(2.1.5.2),

10.3.3. Statistical analysis and sam ple size

W ere considered previously (2.1.7.).

10.3.4. Assessment

The distribution of ccSMA~ ceils in relation to the glands, the blood vessels, 

the subepithelial stroma, and the scattered strom al cells was described on a 

scaie of none=0 . minimal=l, m oderate=2 , and intense=3, and the number of 

vessels surrounded by 1 or >1 VSMC layer were counted (350). The number 

o f  b lood  vessels stained for vW F w as counted  in 17 random 

hpf('x400)/section. and the intensity o f staining was calculated on the same 

scale as above.

10.4. Results

aS M A + cells were noted around arterio les, venules and pre-capillaries 

throughout the stages of the LP and in the late-PLP. During the early-LP, 
aS M A + cells were noted around blood vessels, arterioles and a few dilated 

venules or capillaries, and only occasionally around glands and these did not 

form complete cuffs (Figure 10.1.). Only a few scattered stromal cells were 
positive. During the mid-LP, aSM A + cells surrounding blood vessels were 

more prominent sometimes forming a double layer (Table 10.2., Table 10.3.),
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few glands appeared encapsulated with ccSMA+ cells, individually scattered 

positive stromal cells were more prominent. The features were similar during 
the late-LP, with only few glands surrounded with an ocSMA+ cuff. During 

the late-PLP, expression was more prom inent around glands and many were 
surrounded by a complete cuff of aSM A + cells, but there was no difference in 

the distribution of aSM A+ cells surrounding blood vessels.

On semiquantitative assessment, the late-PLP expressed more periglandular 

staining compared to all stages of the LP, and more stromal staining compared 

to the mid-LP (Table 10.2.). There were no statistically significant differences 

between the different phases of the physiological cycle.

There were no statistically significant d ifferences in the number of blood 

vessels stained with vWF. between any o f the stages of the LP or the late-PLP 

(Table 10.4., Figure 10.5.). Although vascu lar density was slightly higher 

during the late-PLP this difference was o ffse t by the smaller glandular 

diam eter. Also, there was no statistically significant difference between the 

intensity of staining in the different stages o f the LP and the late-PLP. In the 

late-PLP, there were more dilated capillary spaces particularly beneath the 

luminal epithelium.

10.5. Discussion

Heterogeneity of endothelial cells is widely accepted (355, 357). But it is not 

c lea r w hether differential staining w ith  d iffe ren t endothelial markers 

represents true subpopulations or is due to expression below the threshold of 

detection o f the respective antibodies (357). This, however, would not affect 

the interpretation of this comparative study.

The higher expression of aSMA around the glands in the late-PLP may be a 

reflection of the higher prevalence of retarded non-secretory glands (353). The 

function of peri-glandular myofibroblasts is not known, but as they are not 

constant, they cannot be related to grow th or differentiation (353). Stromal 

m yofibroblasts may have a role in tissue rem odelling together with tenascin 
which is often co-expressed around aS M A  positive cells (353, 361). TGF(3 

induces aSM A  expression in smooth m uscle cells and pericytes (361), and it 

is possible that the higher expression o f a S M A  around some glands and in 

isolated stromal cells may reflect higher T G Fp expression in the stroma.
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The lack of variation in vWF expression during the LP is consistent with other 

studies (92, 35o). Expression of vWF in this study was strong compared to the 

v e r\f low level reported previously (356). this may be a reflection of the 

sensitivity of the assay used. Little is known about the factor(s) that regulate 

vW F expression but cestradiol stim ulates vW F synthesis in the human 

endom etrial endothelial cells in culture (362). The effect of steroids in vivo is 

believed to be indirect (92), and the sim ilarity in expression of vWF between 

the different phases examined, whilst contrasts to other markers used in this 

thesis, may be related to this different mode o f oestrogen action.

The density of vWF+ vessels did not vary  during  the LP, which is in 

agreem ent with the findings of others (90, 92. 358). However, taking the area 

fraction of stroma into account (358) vW + vascular density increases in the 

LP com pared to the FP. Ultrastructural studies (363, 364), and studies on 

progestogen implant contraceptives (N orplant) (90), have suggested that 

progestogen is a net angiogenic promoter in the endometrium. Furthermore it 

has also been demonstrated that patients w ith elevated endogenous oestradiol 

had lower microvascular density compared to other Norplant users (90).

M any factors are known to affect angiogenesis in the endometrium, including 

acidic and basic fibroblast growth factors, but the principal regulator is likely 

to be the vascular endothelial growth factor (V EG F), whose mRNA and 

protein expression increase under the influence o f oestrogen, progestogen, or 

both (365).

It is possible that the similarities seen in the vasculature are related to the 

sim ilar bleeding pattern. This, however, awaits further investigation in order 

to estab lish  the link between the ob serv ed  structural and functional 

sim ilarities. This is particularly important as m icrovascular density did not 

correlate with the occurrence of breakthrough bleeding in Norplant users (90). 

However, as the two regimens are dissimilar, extrapolations cannot be made.
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Figure (10.1. a,b.)

The expression of ocSMA positive cells during the early-LP (a), and the mid-LP (b).
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Figure (10.1. c,d.)
T he ex p ressio n  o f  ocSMA p o sitiv e  ce lls  du ring  the la te -L P  (c), and  the late-PL P  (d). 

Figure (10.1. a-d.)

The expression of aSM A positive cells during the LP and the late-PLP.
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Phase of the cycle Peri
glandular

Sub-
epithelial

Peri
vascular

Stromal

Earlv-LP 0.43 (0 - b 0 2.3 (1-3) 1.6 ( 1-2 )

M id-LP 0.5 (0 - 1) 0 .6  (0 -2 ) 2.3 (1-3) 1.2 (0 -2)

Late-LP 0.7 (0 -2 ) 0.8 (0-3) 2.4(1-3) 1.4 (0-3)

Late-PLP 1.6 (0-3) 1 0.8 (0-3) 2.3 (1-3) 2.1 (0-3)-

Table (10.2.)

Semiquantitative assessment of aSMA immunostaining in the LP and the late-PLP, 
expressed as mean and (range).
1 Statistically significant compared to the earlv-LP, mid-LP, and late-LP (p<0.05).
2 Statistically significant compared to the mid-LP (p<0.05).

Phase of cycle Single layer >1 layer Total

Mean SD Mean SD Mean SD

Earlv-LP 57 13.5 15 11.6 72

M id-LP 58 7.5 24 12.8 82 17.6

Late-LP  ̂> 16.7 21 8.6 77 19.2

Late-PLP 50 13.2 20 9.8 70 25.6

Table (10.3.)

T h e  num ber o f endom etrial blood vessels su rrounded  by e ith er one or m ore than one layer of 
a S M A  during  the different stages o f  the LP and  the la te-P L P . C alculated  in I7hpf (x200). 
N one o f  the differences were statistically sign ifican t.
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Phase of the cycle Number Intensity

Mean SD Mean Range

Early-LP 66 10.3 1.8 (1-3)

M id-LP 58 29.5 1.6 (1-2)

Late-LP 57 21.2 2 (1-3)

Late-PLP 70 20.7 2 (1-3)

Table (10.4.)

T h e  n u m b e r  o f  v W F  positive b lood  vessels p e r I7 h p f  (x 2 0 0 ), an d  the  m ean  stain ing  intensity. 
T h e re  w e re  no  s ta tis tica lly  sign ifican t d iffe ren ces .
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Figure (10.5. a,b.)

The expression of vWF during the early-LP (a), and the mid-LP (b).

198



®  .

.

' *>^V^vVf\. . . ;\-> '
}■

— — 0 T m m

• -m -m.- -

d

Figure (10.5. c,d.)

T he ex p ressio n  o f  vW F  d u ring  the  la te-L P  (c), and the la te-PL P  (d).

Figure (10.5. a-d.)

The expression of vWF during the LP, and the late-PLP.
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Chapter 11

Generation of Anti-Endometrial Antibodies

1- A mouse monoclonal antibody, LD S60, detects a ~200kDa membrane 

antigen on the surface of human endometrial glandular epithelial cells.

2- A mouse monoclonal antibody , LDS10, detects an endothelial cell related 
antigen.

11.1. Introduction

Besides the known markers of endom etrial function tested previously, the 

objective of this project was to identify new cell-type specific and/or phase 

specific antigenic markers, that may be useful for monitoring endometrial 

response to hormones and to cHRT.

11.2. Material and methods

Cell membrane was prepared as described previously (2.2.1.1.) from pooled 

benign endometrial tissue removed from hysterectom y specimens, where the 

operation was performed for non-endometrial pathology. The concentration of 

m em brane protein (12mg/ml) was calcu la ted  (Appendix 4). Membrane- 

adjuvant mixture was used to immunise 6-10 weeks old, (MF1 x Balb/C)F1 

mice in groups of 2 (2.2.1.), After culling, splenocytes were hybridised to 

myelom a cells (2.2.I.2.) and cloned (2.2.I.3.),

Immunohistochemistrv (2.I.5.2.I.) was used to verify the immune response 

and to screen for the antibodies of interest (2.2.2.). These were developed into 

monoclonals (2.2.13.)  and ascites (2.2.I.5.). The epitope was identified using 

W estern blotting (2.2.3.2.) and IHC on endom etrium  and other body tissue 

sections.

11.3. Procedure

IHC was performed at the following stages:
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1- To verify an immune response using whole serum  obtained through a tail 

bleed. Serial dilutions were used with preim m unisation serum from same 

animal as negative control and anti-CD45 antibody (Appendix 2), as positive 
control.

2- After fusion, culture supernatant from grow ing cells was tested (usually 

betw een 40-60 wells per fusion). Immune serum, and culture medium were 

used as positive and negative controls respectively. Antibody producing wells 

(A) were identified (usually between 3-12). Cells from A were expanded into 

wells (B) (2.2.I.3.).

3- Supernatant from wells (B), that grew single clones (usually between 12- 

24/well A) were tested. Supernatant from A and culture medium were used as 

positive and negative controls respectively. W ells (B) that exhibited the best 

staining (C) were identified (usually 2-3).

4- Supernatant from (O  was further tested prior to storage (2.2.1.4.) or 

developing into ascites (2.2.I.5.).

11.4. Criteria

Screening aimed to identify antibodies that were:

1- Ceil type specific, i.e. stain either the epithelium , the endothelium, or the 

stroma, and:
2- Cycle phase specific, i.e. bind selectively, or more strongly, or that have a 

d ifferent pattern of staining to either the proliferative or the secretory 

endometrium.

11.5. Results

Sixteen mice were immunised as above, o f these 2 did not develop an 

adequate immune response, and 3 fusions were unsuccessful. Eleven fusions 

were performed, cells from 2 of these died after the initial screening. From the 

rem aining 9 successfully grown fusions, 64 w ells were selected and 

m onoclonal antibodies were developed from 19, and two (LDS60, LDS10) 

were developed into ascites (2.2.I.5.).
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11.5.1. LDS60

Im m unohistochem ical localisation in the endom etrium  (Figure 11.1.) 

dem onstrated that LDS60 identifies an epitope that is specific to epithelial 

cells. During the FP, staining is intracytoplasmic in the form of small vesicles 

near to the base of the glands, and minimal staining appeared at the luminal 

border, but only a few glands are positive . D uring the earlv-LP 

im m unolocalisation is also intracytoplasmic, either near the base, or in a 

position about 2/3 distance from the base o f the cell. During the mid-LP, 

micro-vesicles appeared to accumulate nearer to the apices. During the late-LP 

there is no intracytoplasmic staining, im munostaining localises to the luminal 

border of the epithelium, and some staining appeared in small 'vesicular 

structures' within the gland lumen. The lum inal epithelium  was positive 

throughout the LP, and staining was confined to the apical border of the cells. 

The late-PLP exhibited strong LSD60 staining in the luminal epithelium and 

the apical border of the epithelial cells in some o f the glands. There was 

minimal expression in the gland lumen.

IHC also demonstrated that this epitope is expressed in other tissues in the 

body (Table 11.2., Figure 11.3.), but more specifically to some mucous 

secreting ceils.

Antibody isotvping was performed using the monoclonal isotyping kit (cat. 

no. M M TRC1, Serotec. Oxford. UK) according to the manufacturer's 

protocol. LSD60 was identified as an IgM  antibody. On Western blotting 
(2 .2 .3 .2 ., 2.2.33.) the epitope was identified as a ~200kD a antigen (Figure 

11.4.).

11.5.2. LDS10

LDS10 identified an epitope that was specifically and strongly expressed on 

all endothelial cells in both the endometrium and the myometrium. Expression 

appeared to be phase specific, it was -ve in 3/4 of the proliferative samples 

examined but +ve in 10/12 of the secretory samples (Figure 11.5.). Expression 

did not vary between the earlv-LP, m id-LP, or late-LP. There was no 

expression in the stroma or the epithelium. The late-PLP was LDS10+ and 

exhibited the same pattern as the late-LP (Figure 11.5.). The endothelium was 

positive in the breast, tonsil, and testis, and so were the seminiferous tubules, 
but other body tissues examined were negative (Table 11.6., Figure 11.7.).



11.6. Discussion

LSD 60 antibody identifies a ~200kD a antigen that is expressed in the 

endom etrium  where it exhibits m odulation during the cycle. It is also 

expressed in cHRT endometrium. This m odulation suggests that it may be 

useful in monitoring the response to steroids, although further characterisation 

will be necessary' in order to understand its function

The antigen is not endometrium specific. It also identifies the Neck mucous 

glands in the stomach, tongue mucous glands, the colonic goblet cells, and 

type II pneumocvtes in the lung, which will limit its use systemically. Also its 

size and localisation do not support a putative role as a serum marker.

Both the molecular weight and the distribution, together with it being an IgM 

antibody, suggest that the antibody is raised against a glycosylated molecule. 

A lso the epitope identified using the LDS60 antibody shows distributional 

similarities to that identified by the antibody D 9B 1 (366). It may therefore be 

related to MUC-1 or to some other surface-associated mucin.

The membrane location of this antibody raises interest in its use for local 

tissue targeting which could be employed for photo-sensitisation during Laser 

A bla tion  of the endometrium. A procedure designed to destroy the 

endom etrial lining and consequently to resolve the problem of heavy or 

irregular bleeding which is a common problem  in cHRT (1.9.2.),

LDS10 identifies the endothelium of the endom etrium  during the secretory 

phase and less so during the proliferative phase, this suggested hormonal 

modulation. It is, however, unusual in that it was expressed in the endothelium 

in the myometrium, which raised interest in its expression in other body sites. 

M ost body tissues were negative, but the expression in the breast and the testis 

also raised interest in possible hormonal m odulation, but this is unlikely to be 

the case in view of the expression in the tonsil. The pattern thus suggests an 

antigen that may be individual, rather than tissue specific. This finding will 

require further clarification, but although interesting, it reduces the utility of 

LDS10 in relation to the current study. However, further characterization may 

be hampered at the IHC level by the need to use different tissues obtained 

from individuals with LDS10+ endometrium. An alternative approach may be
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through antigen characterisation, but as the expression did not vary in relation 

to the use of cHRT, this was not pursued any further in this thesis.
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a- Expression of LDS60 during the follicular phase.

,1mm

b - Expression of LDS60 during the early-LP.
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C- Expression of LDS60 during the mid-LP.

d - Expression of LDS60 during the late-LP.
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e- Expression of LDS60 during the late-PLP.

Figure (11.1. a-e.)

The expression of LSD60 during the FP, the LP, and late-PLP.
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Tissue Pattern of expression
Tongue mucous glands below the surface epithelium.
Stom ach mucous-secreting cells at the neck and the isthmic 

portion of the gastric glands. Staining was 
intracellular in location. These cells secrete a less 
viscous type of mucous w hich may function to protect 
the giands from autodigestion. These are known as 
the Neck Mucous Cells, and are characterised by their 
less intense staining by PAS.

Sm all intestine negative
Colon goblet cells which predom inate the base of colonic 

giands. and which represent the mucous secreting 
giands in the colon, staining was intracellular, but also 
positive, were some individually scattered cells in the 
mucosa.

Pancreas negative
Gall bladder mucosa negative
Liver few distinct cells scattered between liver lobules, not 

Kuppfer ceils
Thyroid few ceils between the follicles were positive 

(?parafollicular cells)
Adrenal gland negative
An terior-pituitary Chromophilic cells stained positive
Lung stained lung pneumocvtes. w hich secrete the surface- 

active material: surfactant, which functions to reduce 
surface tension within alveoli

Breast negative
Ovary negative
Testis negative
Kidney some renal tubules were positive, staining was more 

at the luminal border, but was present all-around the
ceil

Tonsil negative
Spleen few scattered leukocytes were positive
Cardiac muscle negative
Striated muscle negative
Brain negative
M edulla oblongata few distinct round bodies stained positive
Cerebellum few distinct round bodies stained positive

Table (11.2.)

IH C  localisation  o f  LDS60 antibody in d ifferent body tissues.
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a -  Expression o f  LD S60 in the tongue.

b- Expression o f LDS60 in the stomach.
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d -  Expression o f LDS60 in the colonic mucosa.
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e . Expression o f LD S60 in the liver.

0.1 mm

f- Expression of LDS60 in the thyroid gland.
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g -  Expression of LDS60 in the anterior pituitary.
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h- Expression of LDS60 in the lung.
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i - Expression o f  LD S60 in the kidney.
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j -  Expression of LDS60 in the spleen
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k- Expression o f LD S60 in the m edulla oblongata. 

Figure (11.3. a-k.)

IHC expression o f LSD 60 in d ifferent body tissues.
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Figure (11.4.)

W estern  blot o f  LDS60 dem onstrating a band o f  M W =200 000. 
a- H om ogenised endom etrial tissue 1:5. 
b- M em brane preparation 1:2. 
c - M em brane preparation 1:4. 
d - M em brane preparation 1:8.
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a- Expression o f  LD S10 in the proliferative endom etrium .

b - Expression of LDS10 in the secretory endometrium.
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C- Expression o f  L D S 10 in the late-PLP o f cH RT therapy. 

Figure (11.5.)

The expression o f LSD  10 during the FP, the LP, and the late-PLP.
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Tissue Pattern of expression
Tongue negative
Stomach negative
Small intestine negative
Colon negative
Pancreas negative
Gall bladder negative
Liver negative
Thyroid negative
Adrenal gland negative
Anterior-pituitary negative
Lung negative
Breast endothelial cells positive
Ovary negative
Testis endothelial cells and seminiferous tubules positive
Kidney negative
Tonsil positive endothelial cells
Spleen few scattered leukocytes were positive
Cardiac muscle negative
Striated muscle negative
Brain negative
M edulla oblongata negative
Cerebellum nesative

Table (11.6.)

Im m unohistochem ical localisation o t'L D S lO  an tibody  in d iffe ren t body tissues.
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a -  E xpression o f  L D S10 in the breast.

b- Expression o f LDS10 in the testis.
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C- Expression o f  L D S10 in the tonsil.

Figure (11.7.)

T he expression o f  LSD  10 in  the breast, testis, and the tonsil.
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Chapter 12

Discussion

This study utilised histological sections and immunohistochemical localisation 

ot different antigens, and their expression e.g. the stronger expression of ER in 

sm aller glands. In general histological features were more uniform in the 

norm al cycle compared to the area to area and the gland to stromal 

dysvnchronv observed under the influence o f cHRT. The distribution of 

leukocytes showed diffuse infiltrate and although there were a few aggregates 

and a few intraepitheiial lymphocytes, the pattern was similar in cHRT when 

com pared to the physiological cycle. In this study assessment was limited to 

the fu n c tio n a lis . and a lth o u g h  d e e p e r  lay ers  including the 

endometrial/myometrial junctional zone have become accessible following the 

introduction of the Leicester Endometrial Needle Sampler (LENS) that was 

developed during the work on this thesis (A l-A zzaw i et al., 1997i. the 

functionalis is the more responsive layer of the endom etrium  and is therefore 

more likely to reflect the hormonal effect which was the subject of this thesis. 

Exam ination of tissue sections allowed identification of M ib l+ cells as being 

predom inantly  leukocytes and dem onstrated that proliferating leukocytes 

followed the same distribution as the other leukocytes. Apoptosis and Bcl-2 

expression exhibited the same pattern of expression as in the physiological 

cycle. Expression of ER differentiated between 2 types of glands: smaller ones 

were apparently retarded and out of phase for the cycle, these were also PR" 
and ctgPEG" and were aiso surrounded by a th icker aS M A + layer . As 

discussed eariier this may be related to a 'threshold ' effect but may be 

explained by the relative proximity to endom etrial blood vessels. It is possible 

that glands further from blood vessels may not develop to the same degree. 

The com parative findings between the la te-PL P  and the luteal phase 

endom etrium  is represented diagramaticallv in Figure (12.1. a-e).
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Figure (12.1. a): Expression of MiBl (red) and CD45 (blue).
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Late-PLP

Early-LP Mid-LP Late-LP

Figure (12.1. b): Expression of ISEL (red) and Bcl2 (green).



Late-PLP

Figure (12.1. c): Expression of HSP27 (green) and ER (red).



Late-PLP

Figure (12.1. d): Expression of PR (red) and (X2PEG (green).
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Late-PLP

Figure (12.1. e): Expression of vWF and aSMA.

Figure (12.1. a-e):
Antigen Expression during the different stages of LP and during the late-PLP.



12.1. Aspects of endometrial structure and molecular markers

This investigation was designed to examine the effects of a cyclical combined 

HRT regim en on the endom etrium  in postm enopausal women, and to 

determine its biological potency. The pattern of bleeding and its correlation 

with endometrial changes were taken as indicators of the potency of the 

compounds used. The initial investigation of the pattern of bleeding (Chapter 

3) demonstrated that women who experienced bleeding whilst on this cHRT 

regimen belong to two groups: those who bled on average before progestogen 

withdrawal (progestogen intake was not interrupted), these were termed early 

bleeders (EB), and the second group who bled after progestogen withdrawal 

were termed late bleeders (LB). These two groups were distinct for whilst 

early bleeders experiences more erratic cycles and a prolonged duration of 

bleeding, late bleeders experienced more regular cycles and fewer days of 

bleeding. The regularity of bleeding in LB was in contrast to the bleeding 

pattern of the group as a whole and to previous studies that demonstrated the 

unpredictable pattern of bleeding in women on cHRT (160).

Further analysis of the bleeding pattern suggested a link between being an 

earlv-bleeder or a non-bleeder and smoking, which correlates with hvpo- 

oestrogenism. However, although the 'early bleeders' as a group experienced, 

on average, shorter cycles, they also experienced a wider range of variability 

in cycle length. They thus experienced short as well as long cycles. 

Comparing the endometrium obtained from the long cycles before the onset of 

bleeding in both groups: EB and LB, demonstrated the similarity with no 

significant differences. This confirmed the hypothesis that the variation in 

bleeding behaviour is cycle specific, and thus that the difference between EB 

and LB resides in the statistical probability of having long or short cycles.

It would have been of interest if the endometrium could be compared between 

the two groups at a similar stage in relation to the onset of bleeding, i.e. 1-2 

days before the onset of bleeding in short as well as in long cycles. Such an 
investigation would be useful in demonstrating which features are predictive 

of. or are necessarily associated with, the onset of bleeding. Such an 
investigation, however, is hampered by the unpredictability of bleeding and 

the inability to prospectively predict the length of any particular cycle.
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The association between menstruation and cyclic fluctuation in steroid levels 

has long been recognised. Exogenously administered steroids are also 

recognised to affect the characteristics of withdrawal bleed, and this has been 

extensively researched in the field of oral contraceptive pills (367). These 

investigations were stimulated by the adverse effect irregular bleeding has on 

com pliance, which is sim ilar to the case in HRT (368). It is nevertheless 

recognised that OCP, in general, are associated with a predictable bleeding 

pattern, and that this is dose related, the best cycle control being linked to 

preparations with higher doses of oestrogen. Thus preparations containing less 

than 0.05 mg Ethinyl-cestradiol are associated with a higher incidence of inter- 

menstrual bleeding/spotting, com pared to higher dose preparations, and 

shorter and more predictable bleeding compared to the natural cycle. Studies 

of OCP, have utilised the 90 day bleeding interval method which was adopted 

by the WHO and which is most suited for comparative studies (163, 223). Its 

drawback is that its focus is on episodic bleeding rather than on cyclicity 

(2 2 2 ), and is thus less useful in addressing the factors that affect cycle rhythm. 

Another factor that was taken into account in analysing the menstrual diaries 

in this thesis is that in order for com parisons to the natural cycle to be 

accurate, these need to take into account (and compensate for) the factors that 

cause variability in the length of the follicular phase, which account for the 

major part of the variation in the length of the cycle. In order to avert this 

problem , the assumption was made in this study that regular intake of 

medication should result in regular bleeding, and although no attempt was 

made to predetermine the range of cycle length or of variability to be regarded 

as 'normal', the hypothesis allowed comparison within each woman and within 

the group as a whole.

Following the identification of the group of late bleeders, who had predictable 

bleeding and whose onset of bleeding coincided with progestogen withdrawal, 

the hypothesis was developed that such an optimal bleeding pattern is 

predictive of optimal histological changes, that are similar to those in the 

physiological cycle. This was viewed in the context of the clinical 

assumptions that cHRT reverses the adverse effects of oestrogen deficiency 

and that regular bleeding is an index that no further interference is necessary, 

i.e. a satisfactory response.

Histological and feature analysis examination of endometrial biopsies taken 
before the onset of bleeding from the late bleeders refuted the original 
hypothesis of a similarity between the physiological cycle and cHRT treated
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endom etrium  (Chapter 4), and dem onstrated that despite the similar and 

optimal bleeding pattern the endometrium exhibited significant histological 

differences. The significance of this findings obtains from the demonstration 
that the bleeding pattern is not an adequate index of the underlying structural 

changes. The implications of this are far reaching, for it raised important 

questions regarding the influence o f cH RT on other body tissues, and 

emphasises that the assumption of a 'physiological' response that underpins 

cHRT as a physiological 'replacement' for ovarian steroids cannot be sustained 

without further verification. Neither could such an assumption be made based 

on a particular clinical parameter e.g. bleeding. This emphasises the need for 

thorough investigation of all aspects o f hormone action including both 

functional and structural correlates before the conclusion could be made of a 
'physiological' response.

Another aspect highlighted in this study is that the difference in histological 

features would pose a challenge to pathologists attempting to define abnormal 

histological states e.g. hyperplasia. For although hyperplasia is defined with 

reference to the architectural changes and the degree of crowding of the glands 

in comparison to the physiological cycle, the demonstration of significant 

differences between the endometrium under cHRT, and the physiological state 

emphasises the need to redefine the point o f reference. This could be decided 

utilising image analysis, and the reference values from this study, but it 

remains to be determined whether the same values would apply to other cHRT 

regimens. This is particularly important as most endometrial assessments done 

in clinical practice are aimed at preventing endometrial hyperplasia which is 

regarded as a precursor of cancer. This is particularly relevant taking into 

account that although cHRT in the current combinations utilising 12-14 days 

o f progestogen are considered safe (369), the evidence is not overwhelmingly 

conclusive. This was emphasised by Rees (1996) who argued that the small 

overall relative risk (RR) for endometrial cancer of 0.8 (Cl 0.6-1.2) shown in 
meta-analysis tends to conceal the difference between the cohort studies that 

dem onstrated a RR or 0.4 (Cl 0.2-0.6 ) and the case control studies that 

demonstrated a RR of 1.8 (Cl 1.1-3.1), and that although cohort studies are 
considered methodologically superior, published studies only included a small 

number (n = 10) of patients with cancer (33).

There is little in the literature to suggest the correct action in women who 
experience unscheduled bleeding w hilst using cHRT, apart from the 
suggestion that increasing the number of progesterone treatment days may be
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appropriate (79). This was based on the observation of non-secretory 

endometrium in women who bled early. This observation was later disputed in 
another study that demonstrated non-secretory endometrium even in those 

who experienced long cycles (80). The findings in this thesis contradict 

previous work and demonstrate evidence o f progestogen action in all adequate 

specimens that were optimally timed, and it is argued that the presence of 

proliferative or atrophic endometrium in previous studies may be due to either 

incorrect timing or to biopsies obtained from the uterine isthmus which is 

known to be less responsive to horm ones (370). Relevant to this, it is 

im portant to note that the previously proposed hypothesis of a relation 

between early onset of bleeding and inadequate progestogen administration 

has not been tested despite more that 10 years elapsed since its publication.

As m entioned previously, studies of the endom etrium , because of its 

sensitivity to hormones and also because o f its accessibility, provide a model 

for the study of the relative potency o f the hormones used in cHRT. Previous 

work (79) suggested that early bleeding in women receiving cHRT is an index 

of inadequate progestogen, but the findings in this study of secretory changes 

in early bleeders as well as in late bleeders, and the statistically significant 

difference in the smoking habits between the two groups, and between the late 

bleeders and those who did not bleed on cHRT suggests (but does not prove) 

that a relative hvpo-oestrogenic state may be responsible for early onset of 

bleeding (371) (3.5.).

The role, if any, of the relative hyper-androgenism in postmenopausal women

(372), rem ains unknown, this is particularly  relevant with the use of 

norethisterone with its known androgenic profile, which is partly mediated 

through interaction with androgen receptor (373). Low oestrogen levels may 

further enhance the androgenic effects of norethisterone through reducing the 
level o f 5 a-reductase  (374), w hich converts norethisterone to 5a- 

norethisterone. 5a-norethisterone has been shown to exhibit less androgenic

(373) and less progestogenic (375) potency than norethisterone, and although 
the same mechanism has the potential for enhancing the progestogenic effect, 

this may be hampered by inadequate PR expression.

One possible explanation for the discrepant histology and antigen expression 

is the effect of ageing on the endometrium. On one hand, it is possible that this 
be controlled for in a different experimental design involving women with 

prem ature menopause, especially if that was surgically induced. This,
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however, would not only be difficult in view of the small number who would 

fulfil the criteria, but may perhaps be unnecessary. For evidence exist that the 

endom etrium  of older women remains responsive to steroids in the normal 
way.

It is well established that women’s fertility declines with age (376), and some 

clinical reports from IVF and ovum donation programmes have attributed this 

to the existence of endom etrial ageing (377-380). Alternatively the poor 

fecundity may be related to a declining ovarian activity with poor oocyte 

quality and the production of oocytes with a higher rate of chromosomal 

abnorm alities (381-384). Animal studies have demonstrated marked age 

related endometrial changes, mainly an increase in collagen and a reduction in 

stromal cells (385, 386), and a reduction of ER (387).

The evidence in humans is less conclusive and may be suggestive that such an 

effect does not exist. Comparison between endometrial histology and the 

distribution of CD34, PCNA. PR and ER, and PAS positive reaction and 

Masson Trichrome stain in 2 groups of normally cycling women - the first <30 

year old and the second >40 year old, demonstrated no differences (388). 

Lectin binding was also sim ilar in the peri-im plantation endometrium of 

younger (<30 year) and older (>40 year) women (389). So although a decline 

in uterine receptivity with age cannot be ruled out, available evidence suggests 

that the histological differences noted in cHRT specimens cannot be explained 

based on the effect of age.

The observed response of the endometrium to exogenous steroids suggests 

that they are the main determinants of endometrial features and behaviour, and 

that changing the dose and/or the type of the administered hormones may 
result in the development of different features within the endometrium. 

Although other factors e.g. androgens or gonadotrophins, may affect the 

developm ent of the endometrium, the influence of these, if any, remains 

unclear.

Under the influence of cHRT, the epithelium, both glandular and luminal, 
featured predominantly cuboidal and low columnar and fewer columnar cells. 

There was also a higher incidence of apical secretory vacuoles which appeared 

underdeveloped and were not released into the lumen in accordance with the 

phase of the cycle. Although the difference in glandular size did not reach 

statistical significance, the total glandular area was smaller with cHRT
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therapy. The glands were more tubular and less convoluted, and contained less 

secretions. Glandular and stromal dysynchrony was also noted. These features 

are sim ilar to those noted with OCP use, and which have been attributed to 

premature interruption of the proliferative phase by the progestogen, resulting 

in an early arrest of glandular growth and differentiation (69). A reduced 

glandular area was also reported in IVF cycles following clomiphene citrate 

treatm ent but not with high oestrogen regimens (390). These histological 

similarities are unexpected particularly that the length of the oestrogenic phase 

in his cHRT was 16 days compared to the 5 days progestogen free interval on 

OCP, and also in view of the underlying assumption of an adequate oestrogen 
and absence of anti-oestrogens.

The apparent similarity between the endometrium under cHRT and that of 

com bination  OCP occurs even though the two regim ens of steroid 
administration are different. On this cHRT regimen, women received a daily 

dose of oestrogen with progestogen added for 12 out of every 28 days. Users 

of OCP receive a daily dose of oestrogen and progestogen for 21 days with 7 

tablet free days, during which the ovaries may commence into a new cycle of 

follicular development and oestrogen production. As mentioned above, it has 

been hypothesised that the effect of OCP is due to premature introduction of 

progestogen, a factor that is not operational in this cHRT regimen, an 

alternative explanation may be in a slower rate of development during the 

oestrogenic phase of cHRT treatment resulting in a less well developed 

endom etrium  at the end of this phase, which suggests inadequate effective 

oestrogen. Alternatively, the progestogen in cHRT preparations may cause 

regression of endometrial glands similar to that noted with prolonged high 

dose progestogen treatment. This is however an unlikely explanation, as 

norethisterone (like other 19-nortestosterone derivatives) has a predilection to 

induce strom al differentiation, and a dose or duration of therapy that is 

sufficient to cause glandular atrophy would induce a higher degree of 

decidualization than that observed in this regimen and that was similar to the 

degree of decidualization observed in the physiological cycle (the underlying 

assumption being that the dose of oestrogen is adequate).

The high aS M A  expression around the glands and in the stroma under cHRT 

indicates a persistent follicular phase feature, and/or tissue remodelling or 

stress, which could be a characteristic of the progestogen used. The functional 

significance of this observation remains unknown, but it signifies that stromal 
development under cHRT differs from that in natural cycle. aSM A+ cells are
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associated with stroma from tissues characterised by contracture, but not in 

normally healing granulation tissue (391). This may denote stromal sclerosis, 

which may in turn constrain gland growth resulting in the appearance of 

g landular invaginations. Reduced rem odelling may also result from the 

absence of a phase of gradual progestogen withdrawal. It is thus possible that 

the effect ot the progestogen may persist into the early oestrogenic phase, 

which creates a relative MMP deficient environment. Glandular invaginations 

on cHRT often reach a high degree of tortuousity with secondary or tertiary 

invaginations, and although many authors have referred to these as fixation 

artefact (69, 392), this is not universally accepted, and it has been suggested 

that they represent evidence of differential polypoidal growth originating near 

the base of a gland and that they are secondary to circulatory imbalance (237)

The expression of functional markers as CX2 -PEG, HSP27, ER, and PR 

(Chapter 8 & 9), all demonstrated that the endometrial epithelium exhibits 

different characteristics under the influence of cHRT. Glandular epithelium on 
cHRT during the late-PLP expressed lower levels of 0C2-PEG compared to the 

mid-LP, and the late-LP, but higher levels com pared to the early-LP. It 

expressed the same level of PR compared to the mid-LP or the late-LP but 

lower levels compared to the early-LP. cHRT treated endometrium expressed 

lower levels of HSP27 compared to all phases of the physiological cycle, there 

was no statistically significant difference in the level of ER expression, 

although smaller glands were strongly positive.

Persistence of some small proliferative type glands, which were ER+ but PR~ 

represents failure of recruitment into the more advanced proliferative phase, 

and suggests inadequate oestrogenic stimulation. This is consistent with the 
finding of a lower 0C2-PEG level compared to the late-LP as low oestrogen 

effect could result in inadequate PR expression, and consequently in weaker 

progestogenic influence. However, analysing the results should also take into 

account that norethisterone has some properties (e.g. its androgenic effect) that 

are different from those of progesterone, and it could be that these antagonise 
the progestogenic potency resulting in inadequate 0C2-PEG expression and the 

incomplete suppression of PR.

Stromal cellular density is significantly reduced on cHRT compared to the 

early-LP and the late-LP of the physiological cycle, but is similar to that at the 

peak of stromal oedema during the mid-LP. Even after making allowance for
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the degree o f stroma oedema noted, and considering that a larger proportion of 

stromal cells in cHRT endometrium are in fact leukocytes, a true reduction of 

the number of stromal fibroblasts is observed with cHRT, this again suggests a 

reduced oestrogenic influence. Other features seen in the stroma that are 

consistent with a progestogenic effect are that the level of PR and of ER are 

similar to those of the late-LP but lower than that of found during the early-LP 

o f the physiological cycle. The presence of stromal oedema and evidence of 

decidualization and the higher expression o f HSP27 is consistent with a 
preferential effect of norethisterone on the stroma.

Another interesting observation in cHRT treated endometrium is the presence 

o f glands at various stages of developm ent within the same field e.g. the 
persistence of small diameter ER+ , a  2-PEG" glands. This indicates the 

inability  o f these glands to reach the stage where they can respond 

appropriately to administered progestogen. This may be due to a threshold like 

effect, with at one extreme, none of the glands shows evidence of steroid 

action and the endometrium remains atrophic, and which was represented by 

the group of non-bleeders. At the other end of the scale, is the endometrium 

where ail glands respond adequately to oestrogen and progesterone resulting in 

well developed secretory changes as occur in the physiological endometrium, 

and between these two ends of the scale, individual glands respond either fully 

or only partially. Within this model HRT treated endometrium would show 

variable response depending on the availability o f steroids, with glandular 

units reaching different developmental stages.

12.2. The mechanism of bleeding

The normal menstrual cycle is regulated by ovarian steroids and is defined as 
a mean cycle length of 28 days (±7 days), and a duration of bleeding of 4 days 

(±2-3 days). Exogenous steroids used in OCPs induce a similar pattern of 

bleeding, with a tendency to reduced loss, whilst cHRT has been associated 

with more irregular bleeding (160). H orm onal changes that precipitate 

bleeding in these situations are different. Bleeding in the natural cycle and 
with OCP results from the sim ultaneous w ithdrawal of oestrogen and 
progestogen, but in cHRT bleeding occurs in response to withdrawal of 

progestogen  (despite continued oestrogen) from  an oestrogen primed 

endometrium. It is also known that the rapid, but not the gradual, withdrawal
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of oestrogen can result in bleeding but this is often heavier and less well 
controlled (69, 158).

There remain many unsolved questions regarding the control of menstruation. 

Stromal cells differentiate under continued oestrogen and progestogen to form 

the predecidual cell, and the decidual cell of pregnancy. Decidualization is 

initiated in the endometrium under the luminal epithelium which has a rich 

vascular capillary plexus and also around spiral arterioles. These cells are 

therefore in a unique position to influence the process of bleeding.

The exact trigger for menstruation remains a subject of considerable research, 

and there is strong evidence to implicate the decidua. An analogy was drawn 

between decidualization and inflam m ation (393). This model requires 

inhibition of promoters of tissue breakdown during the phase of increased 

leukocyte infiltration, and also requires the presence of mechanisms that can 

m ediate strom al d isin tegration  at the time of menstruation. Recent 

immunohistochemical studies and studies utilising in-vitro cultured stromal 

cells, demonstrated that human endometrial stromal cells are capable of this 

regulatory role (394). Factors implicated in endometrial haemostasis include 

tissue factor (TF), that acts via throm bin generation, and plasminogen 

activator inhibitor-1 (PAI-1) which inhibits fibrinolysis. Both of these factors 

are enhanced by MPA after oestrogen priming. MPA also reduces the activity 

of tissue-type plasminogen activator (tPA), the primary fibrinolytic agent 

(395). Expression of the extracellular matrix (ECM) degrading proteases 

urokinase (uPA) and metalloproteinases (MMPs) is also inhibited in stromal 

cells under the influence of progestogens (395).

E fficient ECM degradation is thought to reflect the interplay of the 
plasm inogen activators (PAs) and MMPs following their release into the 

stroma. In-vitro studies have dem onstrated the release of these factors in 

response to steroid withdrawal (395). PAs generate plasmin, which affects the 

breakdown of matrices and the activation of MMPs, which in turn degrade the 

scaffolding structure of the ECM (394). MMP-1, -2, -3, -9, -10, and -11 are 

produced by endometrial stromal cells, MMP-7 is produced by the epithelium, 

and MMP-9 is localised to neutrophils (396). The regulation of MMP is 

depicted in Figure (12.2.).
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The distribution of MMPs during the different phases of the menstrual cycle 

suggests m odulation by steroids and particularly inhibition by progesterone 
(400). This is consistent with the structure of the MMP genes which contain 

promoters that have sequence resemblance to the steroid hormone-response 

elements (401, 402). Factors that interact with these receptors and with the 

AP-1 site, were shown to affect MMP expression (403, 404). It is possible, but 

not yet demonstrated that the effect of progesterone is mediated through these 
hormone-response elements, although mediators as TGF-p were demonstrated 

to affect MMP expression (399). Another mechanism for progesterone effect 

may be through post-translational modification or through regulation of MMP 

inhibitors such as the TIMPs and PAI-1 (399). (Estrogen has little effect on 

MMP expression although it induces PR and stimulates the transcription of 
AP-1 (399).

Among the MMP family, MMP3 utilises a wide range of ECM components 

and can also activate other members, which may indicate a central role. 

Experim ents utilising in-vitro endometrial stromal cells demonstrated that 

com bined oestrogen and MPA inhibit expression of MMP3, and that 

withdrawal of these hormones enhance its expression both at the protein and 

the mRNA level (405). These observations, and others, support the role of 

decidualized stromal cells in both inhibiting extracellular matrix degradation 

when under the influence of oestrogen and progesterone during the LP, and in 

enhancing degradation upon withdrawal of these hormones (395).

Decidualization was observed in this study during the late-PLP and may thus 

have a similar role in relation to bleeding on cHRT. In cultured endometrial 

stromal cells, the level of MMP3 and its mRNA were low when cultures were 

maintained under combined oestrogen and MPA, and these remained inhibited 

with continued oestrogen after MPA withdrawal, but became elevated after the 

withdrawal of both hormones or after the addition of RU486 (405). The onset 

of bleeding in the LB occurred within 2.4±1.3 days from the end of the cycle, 
i.e. <2days of progestogen withdrawal, despite continued oestrogen. The 

stabilising effect of oestrogen is thought to be through enhanced PR 

expression, and may thus be dose related. It is thus possible that the observed 
effect of oestrogen on maintaining the inhibition of MMP3 expression in 

cultured stromal cells is dose related. This effect of oestrogen, however, was 
not maintained and MMP3 levels rose, albeit by a small degree, after 8-12days 

of MPA withdrawal in the cultured stromal cells model. Analogous to this, it 

is possible that bleeding on cHRT in response to progestogen withdrawal is
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also a reflection o f the inability of the oestrogen used to sustain the 

endometrium. This may be enhanced by the slight reduction of the ER level 
observed on cHRT. On the other hand, bleeding commenced in EB despite 

continuation of both hormones, and it remains to be determined whether the 

same or different mechanisms are involved. In cultured endometrial stromal 

cells, the level of MMP3 started to rise after oestrogen and MPA withdrawal, 

but paralleled  that induced by RU486 only after 8-12days (405). This 

contrasts w ith the relative rapid onset of bleeding after progestogen 

withdrawal that was observed in this study. The difference may be related to 

binding properties of MPA and norethisterone to PR. LB continue to express 
PR during the late-PLP, which argues against an 'effective' progestogen 

withdrawal as a trigger for bleeding, but indicates that the stroma remains 

hormone dependent, and thus sensitive to hormone withdrawal during that 

phase. In the natural cycle, bleeding occurs after about 7 days of gradual 

progesterone withdrawal, and the long time lag may argue against the role of 

MMPs in menstruation (396). Bleeding on cHRT is thus more akin to the 

stromal cell culture model, although this model suggests that bleeding on 

cHRT occurs before the peak MMP production.

Activation of MMPs may occur through the release of granules from mast 

cells. These, although only a minor population in the endometrium, were 

shown to degranulate before the onset of bleeding (406). Leukocytes, 

particularly neutrophils, monocyte-macrophages, and eosinophils express 

MMP9 (399), and possibly others. They also contain proteases capable of 

activating proMMPs. This suggests a role in menstruation (407). But the role, 

if any, of the increased leukocytic infiltrate noted in the late-PLP remains to 

be determined.

Perivascular endometrial vascular smooth muscle cells express ER and PR, 

although this expression has been shown to be highly variable between 
specimens and not to vary during the phases of the menstrual cycle (408). This 

led to the suggestion that vascular smooth muscle cells may belong to 

different population subsets with regards to ER and PR expression and the 
level of these receptors in response to steroids (408). The significance of this 

remains to be explored, particularly in relation to the recent report that 

progesterone and MPA up-regulate both PRa and PRb in the endometrial 
stroma (409). Steroid hormone receptor expression in these cells and their 

origin from stromal fibroblasts may also indicate that they are capable of 

producing MMPs. This together with their perivascular location makes them
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ideally suited to influence perivascular ECM  degradation and consequently 
bleeding.

Progesterone withdrawal also results in reduced stromal tissue factor (TF) and 

ot plasm inogen activator inhibitor (PAI-1), which result in a reduction in 

decidual haemostatic potential and enhanced fibrinolytic and proteolytic 

capac ity  (410). Progesterone w ithdraw al also releases the potent 

vasoconstrictors glandular-derived PGF2a> and decidual-derived endothelin. 
The overall effect is an increased vascular injury and inadequate haemostasis. 

It is not known whether the same or different mechanism(s) operate to control 

bleeding on cHRT, but increased expression of vasoactive agents resulting in 

bleeding can occur if oestrogen stimulation is inadequate and/or if progestin 

results in down regulation of stromal PR (410). It is not clear which of these 

mechanisms is operational in cHRT induced bleeding, for PR levels in the 

stroma continue to be higher than that in the late-LP if expressed as a 

proportion although not so if expressed as absolute number of positive cells. 

Progestogen withdrawal is not the mechanism of bleeding in early bleeders, 

but it remains to be clarified what effect oestrogen levels will have on this 

interaction.

Underlying the mechanism(s) of bleeding is the influence that steroids exert 

via their receptors. Recently, un-liganded human PR has been shown to 

stimulate the activity of the composite transcription factor activating protein 1 

(AP-1), transactivation of which has been linked to cell proliferation (411). 

This stimulatory effect on cell proliferation is inhibited in the presence of 

ligand (411). However, AP-1 is also an essential promoter for MMPs (with the 

possible exception of MMP2) (399). This would seem to contradict the 

observation that the withdrawal o f M PA alone (which would increase 

unliganded PR), but not the withdrawal of oestrogen and MPA (which would 

reduce unliganded PR), results in increased MMP3. It also contradicts the 

observation that RU486, which has an inhibitory effect on AP-1 (411), results 

in an even higher increase in MMP3 (405). The reason for this discrepancy 

may be related to the particular PR isoform (PR a or PRb) induced in stromal 
cell cultures and in the endometrium under different conditions. Emerging 
evidence suggests that at least in the M acaque expression of the isoforms in 

the endometrium is not affected by progesterone and that PRa is 5 times 

higher than PRb (412). On the other hand cestradiol enhanced PRb but not 
PR a in endometrial cancer cell lines (413). The differential expression of the 
two types of PR in the endometrium both in the stroma and in the epithelium
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aw ait lu rth er exp loration . This is particu larly  important with the 

dem onstration that bound PR a and PRb can exhibit different antagonistic 
effects on ER-mediated transcription (414).

The m olecular m echanism s of MMP release after oestrogen and MPA 

withdrawal from endometrial stromal cells grown in culture remain to be 
clarified, but withdrawal of both hormones will result in a gradual reduction of 

unliganded-PR, a more rapid reduction will follow from the addition of 

RU486, whereas withdrawal of MPA alone will result in an increase in 

unliganded-PR. The level of this unliganded-PR will be dependent on the 

degree of oestrogenic stimulation. If unliganded-PR is essential for MMP 

inhibition, it could be possible that withdrawal of progestogen in a low 

oestrogen environment will result in levels of PR that cannot sustain MMP 

inhibition. It may also be possible that relatively lower levels of oestrogen and 

high progestogen will result in even fewer unliganded-PR which can result in 
bleeding despite continued progestogen as observed in the EB.

Although stromal leukocytes were difficult to quantify using hematoxylin and 

eosin staining (Chapter 4), quantitative and qualitative study based on their 

CD antigens was possible using immunohistochemistry and image analysis 

(Chapter 5). cHRT use was associated with a large increase in the total 

leukocytic infiltrate. This was accounted for by an increase of CD56+ eGL 

and CD3+ T cells. The pattern of distribution of leukocytes followed that 
noted during the physiological cycle, but there were also few aggregates of 

leukocytes surrounding some glands, which may represent tissue reaction to 

injury. The significance of the general increase in leukocyte infiltrate is not 

clear, but it indicates that the initiation of bleeding is not dependant on the 

achievement of a critical concentration of leukocytes. Furthermore, despite the 

higher concentration there was no apparent difference in the clinical 

manifestation of bleeding, which argues against a significant role. It is not 

clear what effect, if any, such a high infiltrate would have on implantation if 

embryo transfer were to be attempted, but implantation in the physiological 

cycle occurs 7 days post-ovulation at a stage when the local infiltrate is lower 

compared to the late-PLP in cHRT, and in view of the ability of eGL to lyse 
trophoblast, at least in the mouse (241), implantation may be hindered. It is 

interesting that no or only low NK cell activity was demonstrated in isolated 
non-pregnant endometrial leukocytes despite a high CD56+ cell content (241), 

which suggestes that these cells may require the presence of either trophoblast 
or a pregnancy-like hormonal milieu for their activation (241). It is thus
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possible that the leukocyte infiltrate during cHRT treatment has no specific 
function, but is rather a by-product of this therapy, and that its significance 

only stems from it being a manifestation of the hormonal balance as discussed 
previously (5.5.).

Shrinkage of the stroma, possibly secondary to release of proteases, together 

with the rise in vasoactive molecules, results in vascular constriction and 

stasis. This culminates in tissue ischaemia, breakdown and bleeding. In this 

study, there were no statistically significant differences in the number of 

endometrial vessels, or in the expression of vWF, and although this does not 

prove that the vasculature is identical in both states, yet this similarity is 

observed despite differences in most other histological features and may 

signify that the different components of the endometrium may be regulated by 

different mechanisms (e.g. the effect of hypoxia as a regulator of vascular 

developm ent, or the non-receptor mediated direct effect of oestrogen). The 

similarity may also be a reflection of the role of vasculature in the control of 

bleeding, and that the similarity is a reflection of the fact that late bleeders 

were selected because of an optimal bleeding pattern and thus optimal 

vascular development. The similarities observed in this study emphasise the 

role of the vasculature in relation to endometrial bleeding. It is difficult, 

though, to extrapolate assum ptions regarding the effect of cHRT on 

vasculature elsewhere in the body, for there is no known link between optimal 

'menstruation' and for example 'cardiovascular protection'.

The role of apoptosis in the endometrium remains unclear, for if the whole 

functionalis is shed as is suggested in many studies (263, 272, 280, 281), 

apoptosis would appear to be biologically wasteful. Apoptosis was observed 

in this study both in the physiological cycle endometrium (in agreement with 

others), and under the influence of cHRT. It is interesting that the rate of 

apoptosis during the late-PLP was comparable to that observes during the late- 

LP endometrium, and higher compared to the mid-LP. This observed increase 

occurs despite continued administration of oestrogen (throughout the whole 

therapy period) and progestogen (up to the time of biopsy), which suggests 

epithelial instability, and that the administered dose in unable to sustain 
epithelial integrity. It is not possible to determine from this study whether this 
instability is a premenstrual phenomenon, or whether its occurrence is a 

constant feature in cHRT treated endometrium. Study of this phenomenon 
during other phases of the cHRT treated endometrium may clarify whether the 
occurrence of apoptosis is linked to the onset of bleeding. This, however,
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seems unlikely as apoptosis is primarily an epithelial phenomenon, and its 
occurrence at the base of the glands, suggests that its role is primarily to affect 

regression o f the glandular epithelium in areas that will not shed during 

menstruation. Very few sporadic apoptotic cells were noted scattered in the 

stroma, these appeared as individual cells with no discernible pattern. They 

may represent elfete leukocytes as was suggested previously (317). The 

recently dem onstrated mechanisms for T-cells regulation of apoptosis 
(through mediation of TN F-a and IFN-y) (7.1.1., 7.1.1.1.) (275), and for 

granulated lymphocyte regulated apoptosis (through granzyme A (GraA) and 

perforin and/or Fas/Fas-ligand mediation) (7.1.1.1.), are of interest in relation 

to the regulation of the phenomenon in the endometrium. The role of 

leukocytes in the regulation of apoptosis in cHRT treated endometrium awaits 

further investigation. This could be of major interest particularly in relation to 

the use o f continuous combined preparations where the endometrium is 

subjected to a daily dose of oestrogen and progestogen and remains in a 

histologically 'inactive' state.

The significance of apoptosis in relation to the mechanism of menstruation 

and to withdrawal bleeding on cHRT is not clear. But it is interesting that 

despite persistent oestrogen and progestogen treatment up to the time of the 

biopsy, the endometrial epithelium exhibited an incidence of cell death that 

was similar to that observed in the late-LP which is characterised by hormone 

withdrawal. This degree of instability may indicate that persistent stimulation 

by steroids does not protect from apoptosis. Despite a higher T cell and eGL 

infiltrate, the incidence of apoptosis is not higher than that noted in the late- 

LP. This may cast some doubts on the role, if any of T cells and of eGL in 

endometrial epithelial apoptosis. On the other hand, this may be a reflection of 

the higher percentage of these cells that are in active proliferation, and which 

may therefore not be activated.

During the late-LP and the late-PLP, the pattern of expression of Bcl-2 

paralleled that of HSP27 except in the luminal epithelium where expression of 

Bcl-2 was higher in the physiological cycle. These similarities may be related 

to a sim ilar role in protecting against apoptosis (415). But the functional 
significance of their down-regulation prior to menstruation is not clear. HSP27 
inhibits Fas/APO-1 induced apoptosis, whereas Bcl-2 has only a weak effect 

on this pathway, contrasted to a stronger effect against p53-mediated 

apoptosis which is not affected by HSP27 (415). In order to ascribe a
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physiological pro-apoptotic function to the observed reduction in HSP27 and 
Bcl-2 expression, a common pathway will need to be found.

This study represents a model for m enstruation, where two patterns of 

bleeding (and a group of non-bleeders) have emerged in response to the same 
treatment regimen, it also suggested a possible mechanism for this difference 

in clinical behaviour. The model could be utilised to demonstrate the effect of 

variation of the dosage of oestrogen and/or progestogen on the bleeding pattern 

and on the expression of vasoactive substances and of proteases, which could 

greatly enhance the understanding of the mechanisms regulating the onset and 
duration of bleeding.

W hilst glandular epithelial proliferation was inhibited during the late-LP and 

late-PLP, there was a large proliferative activity in the stroma. This 

phenom enon is interesting for is dem onstrates that different control 

mechanisms operate to affect this change. Stromal proliferation is largely, if 

not totally, confined to the leukocyte population, although the nature of the 

CD 45‘ cells that were actively proliferating remains to be confirmed. It is 

interesting that while stromal cell proliferation declined during the late-LP, 

cHRT endometrium continued to exhibit a proliferative activity similar to that 
noted at the peak of proliferation in the mid-LP. Thus progestogen is not a 

down regulator of leukocyte proliferation, but may be stimulatory, possibly 

through cytokines or o ther m ediators. That continued progestogen 

administration releases an inhibitory signal secondary to its action on down 

regulating its own receptor, is unlikely to be the mechanism of this effect as 

stromal PR level is proportionately increased in the late-PLP compared to the 

late-LP . On the other hand the higher rate of proliferation may be secondary 
to lower levels of IFNy consequent to low oestrogen level (6.5.). Prolonged 

progestogen therapy has been demonstrated to increase leukocyte number in 

the endometrial stroma (253), and it was concluded that increased leukocyte 

infiltration is a function of the progestogen used that may be separate from 
decidualization, although the degree of infiltrate did not correlate with the 

dosage of progestogen and the only significant correlation with the duration of 

therapy was observed with CD3+ cells (253). The work presented in this 
thesis supports a dissociation between the extent of decidualization and of 

leukocyte infiltration. It remains to be determined whether a similar degree of 
infiltrate could be induced with the use of progesterone or other progestogens. 

It would be interesting to examine the effect of continuation with progestogen 
in this regimen on the proliferation index in order to determine the point at
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which a steady state is achieved. Administration of a high dose progestogens 

tor a duration ranging from 8 days to 6 months demonstrated a 3 fold increase 

in CD45+ cells (253), whilst the rise observed in this work was about 4.5 fold, 

this together with the high proliferation index at the end of 12days of therapy, 

suggests that further rise in leukocyte infiltrate is likely. One possible 

m echanism  which would disallow this occurrence is the increased tissue 

necrosis observed with continued administration (253), this ultimately results 

in the developm ent of the thin and atrophic endometrium with suppressed 

glandular developm ent and dense-pseudo-decidualization (69). A similar 

regimen of continuous administration is used in continuous combined HRT 

formulations and has been associated with a high incidence of breakthrough 

bleeding, particularly during the first three months of therapy (416), and it is 

possible that necrosis is the mechanism of bleeding with these regimens. A 

high incidence of breakthrough bleeding also occurs with continuous 

progestogen only contraception (whether orally or parenterally), but this has 

been attributed to either prominent superficial venules or to bleeding from 

endometrial-mvometrial plexus (417).

The relative importance of cell infiltration vs. local proliferation in causing the 

observed increase in the leukocyte population is not clear. But double 

labelling for the proliferation marker M ibl (Chapter 7), has demonstrated that 

local proliferation of CD45+ and of both the CD56+ and the CD3+ cells does 

occur throughout the luteal phase of the physiological cycle, and that the rate 

of proliferation is higher during the late-PLP. It is possible that increased 

m igration o f peripheral lymphocytes also contributes to the increase in 

leukocyte num ber, and many mediators have been suggested that may 

influence this effect (5.5.). It is also significant that increased leukocyte 

population has been noted with the use of synthetic steroids (69, 253), which 

may have a particular ability to attract leukocytes or to induce their local 

proliferation. It would, therefore, be of interest to examine the effect of 

different progestogens in order to determine whether they differ in their ability 

to attract or to increase proliferation of leukocytes.

In contrast to the earlier report (117), a recent study demonstrated that 
endom etrial leukocytes do not express ER or PR (254). The stimulus for 
leukocyte proliferation, therefore, remains unknown. But putative agents 

include IL-2 and IL-15 (254), whilst IL-8 , MCP-1 and prostaglandins may 

function as chemoatractants (255). It was considered previously whether these 
m ediators may be increased under conditions o f effective progestogen
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deficiency. Against this is the finding of high levels of PR in the stroma 

during the late-PLP, and the recent report that progestogens induce PR 

expression in the stroma (409). However, it is still unknown which type of PR 
is expressed during that phase.

12.3. Mechanism of steroid action

GEstrogenic hormones exert their effect through interaction with their receptors 

which are members of a large superfamily of nuclear receptors that function as 

ligand-activated transcription factors. A different mechanism for steroid action 

where receptors have not been localised within target genes involves the 

activation of API sites, this involves activation of c-jun and c-fos genes (418). 

It has been suggested that steps dow nstream  of DNA binding may be 

responsible for distinguishing between agonist- and antagonist-activated 

receptors (419). More recently, it has been demonstrated that ligands induce a 

differential stimulatory or inhibitory effect depending on the type of receptor 
(E R a or ER(3) when the effect is dependent on API site (420). For example, at 

the API site 17(3-cestradiol stimulates transcription with ER a, but inhibits 

transcription with ERf. The effects o f anti-cestrogens also vary depending on 

the receptor type (420). Whether the effect on E R a or ER(3 or on the API site 

of oestrone differs from the effect of 17p-cestradiol is unknown. But cestrone 

level is higher in women receiving cHRT compared to the physiological cycle 

(421) and a differential effect may account for the observed differences. The 

differential effect referred to above, demonstrates that different compounds 

cannot be compared in terms of a single index of 'potency' and emphasises the 

com plex nature of any comparison. The need thus arises to identify the 

param eters upon which comparisons can be made. Some of the effects of 

oestrogen may be mediated directly on cell membrane (422), or through the 

m edia tion  o f stim ulatory or inh ib ito ry  second m essengers (138). 

Norethisterone has progestogenic, androgenic and week oestrogenic potency, 

the latter may be induced through the binding of its reduced metabolites to the 

ER (423), but it remains to be explored whether these interfere with what is 

considered to be the agonistic or the antagonistic properties of oestrogen. The 

magnitude of rise in plasma oestradiol level following the oral administration 
of 2 mg oestradiol valerate to postmenopausal women was reported to be only 
minimal (424) or to be significant (425). There is however agreement that the 

greater rise is in the level of the less active oestrone and a preservation of the 
postmenopausal cestradiol/cestrone ratio. The significance of the higher rise in
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oestrone and other m etabolites is difficult to assess based on 'relative 

oestrogenic potency' which emphasises the significance of in vivo studies to 
assess the overall effect. Thus the net oestrogenic effect of cHRT is dependent 

not only on the level of oestradiol, but on the balance between agonists and 

antagonists. In the postmenopausal woman this involves a balance between 

adm inistered oestrogen and progesterone and their metabolites on one hand 
and the woman's endogenous hormones on the other hand.

Androgen receptors (AR) have been demonstrated in the endometrial stroma 

but not the epithelium  (426), and it is possible that these mediate the 

androgenic properties of norethisterone. The level of AR has been shown to be 

lower during the late-FP and to be absent during the late-LP of the natural 

cycle (426). AR level is under the influence of dihydrotestosterone (DHT). In 

the natural cycle, it is possible that the competition between progesterone and 
testosterone for 5a-reductase results in diminished DHT and inhibition of AR 

level. W hether norethisterone exerts a sim ilar effect is unknown, but 

norethisterone and possibly its metabolites have an androgen like potency. 
The effect o f 5a-reductase on norethisterone is to reduce its progestogenic 

potency which may contribute to the weaker progestogenic effect of cHRT.

The menopause itself is a hyper-androgenic state with a higher level of 

androstenedione, testosterone, and dehydroepiandrosterone, and may thus be 

associated with a relative abundance of AR. It is possible that this remains so 

during the late-PLP. However, in the absence of data on the effect of AR 

stimulation on endometrial structure and function it remains unknown to what 

degree the androgenic potency of norethisterone may have contributed to the 

differences observed in this study. A diagrammatic representation of the 

possible androgenic influences is depicted in Figure (12.3.).
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Figure (12.3)

The pathways that may be involved in the androgenic effect of cHRT on the 

endometrium.
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Sim ilar to oestrogen, progesterone exerts its effect on the endometrium 

through interaction with PR, although direct membrane effects have also been 

reported (427). The effect of progesterone is dependant on the factors as 

oestrogen, progesterone, growth factors as insulin like growth factor, and EGF, 

as well as on the interaction with PR which involves other proteins as hsp70 
and hsp90. Norethisterone in large doses together with its metabolites (5a- 

dihydronorethisterone and 3(3, 5a-tetrahydronorethisterone) have been shown 

to exhibit receptor mediated anti-progestational and anti-implantational effects 
similar to those of RU-486 (375).

The dem onstration of different nuclear receptor subtypes that respond 

differently to ligands, and that are differentially regulated by steroids and 

stimulated by steroid antagonists adds a layer of complexity to the analysis of 

the pharmacology of cHRT. It may also be the key to explaining the complex 

discrepancies noted in this study. This complexity may be resolved if specific 

transcriptionally modulated genes were identified that are linked to desired 

therapeutic properties.

Despite the histological differences and the different antigen expression in the 

endometrium. This regimen was associated with a favourable bleeding pattern, 

and it is possible, that the differences observed are not associated with harmful 

effects, this is supported by the low incidence of side effects. Nevertheless, 

investigating tissue response may improve the chance of obtaining a more 

favourable risk/benefit balance.

Both the luminal and the glandular epithelial cells during the late-PLP are 

predominantly cuboidal and low colum nar compared to all stages of the LP. 

The poor development of these cells and the reduced total glandular area, 

indicate hypo-cestrogenism. Stromal cellularity is also reduced reflecting 

inadequate development during the proliferative phase. Persistent apical 

vacuoles during the late-PLP is comparable to the mid-LP of the physiological 

cycle, and the less convoluted glands, and the diminished glandular secretions 
indicate retarded secretory development. Overall this may indicate a balance 

between inadequate proliferation and incomplete secretory transformation. 
This is supported by the lower (X2PEG expression, but not by the higher 

leukocytic infiltration (CD45+, CD56+ and CD3+ cells) compared to all 

stages of the LP. This demonstrates that whilst some features are retarded, 
others are more advanced, and indicates a differential effects of the hormones 

given in cHRT, a concept which has hitherto only been used to describe the
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recently introduced selective receptor modulators. The differential effect also 
indicates that endometrial features are not linked, thus one cannot deduce 

indicators about a particular feature from the presence or absence of another.

The dissociation between features is also demonstrated from the finding that 

48% of CD45+ cells express M ibl compared to 8 %, 37%, and 20% during the 

early-LP, mid-LP and the late-LP of the physiological cycle. M ibl+ CD56+ 

cells were proportionately similar during the late-PLP (60%) compared to the 
mid-LP (63%) but higher than that during the late-LP (24%), and the same 

was observed for M ib l+ CD3+ cells. This may be a function of continued 

strong progestogenic stimulation, however, this is not supported by the lower 
the 0C2PEG level. It is possible that leukocyte infiltrate is less sensitive than 

glandular secretion to the factors that operate during the FP and which may be 

responsible for the poor glandular developm ent, on the other hand the 

differential effect may be related to the type o f progestogen. The higher 

HSP27 expression in the endometrial stroma during the late-PLP compared to 

the late-LP, supports the contention that the administered progestogen in this 

regimen has a selective stromal effect.

The expression of ER in the late-PLP was comparable to that observed during 

the mid-LP and late-LP but lower than the early-LP. This may be a reflection 

o f e ither adequate down regulation or low er initial levels, but the 

dem onstration of the persistent receptor expression in the small glands 

dem onstrates that adequate down regulation cannot be the only factor. 

Progesterone receptor expression in the glands and in the luminal epithelium 

was lower compared to the early-LP but similar to that observed in the mid-LP 

and late-LP. This may be a reflection of adequate inhibition by progesterone, 

but taken together with the evidence derived from ER expression is unlikely to 

be the only factor. It is significant that PR in the stroma does not exhibit the 
same degree of inhibition noted in the glands. If the higher leukocytic 

infiltrate indicates a strong progestogenic influence a lower PR level would be 
expected. The reason for the discrepant effect is unclear but it is possible that 

nore th isterone  has a specific leukocyte a ttractan t potency. Stromal 

proliferation in this study was largely if not totally confined to lymphocytes, 
which indicates receptor occupancy, and may argue against an inadequate 
progestogenic effect on the stroma. The apparent discrepancy between the 

stromal effect and the inadequate secretory effect on the epithelium remains to 

be further investigated. It may be mediated either through different binding 
characteristics of norethisterone or its metabolites to PR, or to its ability to
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induce different mediators. In support of this is the finding that different 

progestogens have different effects on intracellular organelles (1.11 .5 .)-

The different effects of progestogens compared to progesterone cannot be 

explained solely by their relative binding affinity (RBA) to PR, as both 

norethisterone and MPA exhibited stronger glycogen induction compared to 

progesterone, although compared to progesterone, norethisterone had a weaker 
and MPA a stronger RBA (428). More recently the two metabolites 5a- 

dihydro-norethisterone and 3p-5a-tetrahydro-norethisterone have been shown 

to possess anti-progestational properties in the rabbit endometrium (429), and 

it is possible that similar effects may occur in humans. Serum concentration of 

norethisterone was reported to vary by a factor of 9 after oral administration 

(430), and the serum half life ranged from 6 . l-12.3hours.(430). The apparent 

lack of correlation between this wide variability and clinical behaviour 
remains to be explored, but it is significant that no correlation were drawn 

between this and the efficacy of OCPs.

12.4. Implications for the use of HRT

The com bination of an oestrogen (e.g. prem arin. oestradiol valerate, 17(3- 

oestradiol, etc.) and a progestin (e.g. norethisterone, medroxyprogesterone 

acetate, etc.) in cHRT, are administered with the aim of compensating the 

natural loss of these hormones after the menopause. The results from this 

thesis, demonstrate that what was suggested to be 'physiological' effects are 

not so, in at least as far as the endometrium in affected by these hormones. 

The effects on other body tissues may indeed be different from the effects that 

occur in the natural cycle. A related observation is that the pituitary hormones, 

FSH and LH, remain elevated in women receiving cHRT, and are not 
suppressed to the levels observed in premenopausal women. This raises the 

im portant question of what constitutes a "replacement" therapy. This thesis 

dem onstrated that this HRT preparation, cannot be defined as such based on 

sim ilarities between its effect on the endometrium and that of the natural 

cycle. A need therefore arises for the identification of the characteristic(s) that 

compounds should have in order to be described as "replacement" hormone 
therapies. This is particularly relevant, with the introduction of non
oestrogen/progestogen compounds like Tibolone (Organon, Cambridge, UK), 

or the newly introduced ER modulators. For while these compounds share 

some of the properties of oestrogen, they differ in significant aspects. On the
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other hand, the expression may be altered to encompass hormonal and non- 
hormonal preparation each with its own properties.

Furtherm ore, it has been dem onstrated in this thesis that women respond 

differently to the same preparation e.g. EB vs. LB which indicates the need for 

the developm ent of means for monitoring individual response. This thesis 
challenges the value of the bleeding pattern, endometrial architecture, or the 

other parameters assessed, as the majority exhibited significant variations 

com pared to the physiological cycle, and it remains unknown whether 

attempting to optimise one or the other of these parameters would result in a 

more optimal HRT. It is also apparent that optimising response e.g. the 

bleeding pattern cannot be achieved through a uniform dose prescription, and 
that an optimal dose for one effect may have different effects on other cells 

even within the same tissue. The need for monitoring will not only have cost 

implications, but importantly requires the identification of appropriate markers 

for the required response. As steroids have a wide effect on most body tissues, 

the use of 'selective' receptor stimulators may be successful in inducing the 

desired effect, without adversely affecting other hormone sensitive organs. 

The need for monitoring the endometrium will be facilitated if protein(s) 

could be isolated in the uterine fluid or in the cervicovaginal secretions that 

could be measured through less invasive methods than obtaining a biopsy, and 

that would allow repeat sampling at intervals during the same cycle.

The significance of this is emphasised by the observation that despite loss of 

ovarian activity, untreated postmenopausal women retain lower case specific 

mortality (1.2.) compared to men. The higher cancer mortality in women 
during the early and mid reproductive years compared to men, and the reversal 

of this pattern after the m enopause ( 1 .4 .2 . )  demonstrates a biological 

disadvantage for women that may be related to oestrogen. This together with 

the observed non-physiological effects on the endometrium in cHRT users 

demonstrate a need for close monitoring in order to establish a favourable 

risk/benefit ratio.

The results indicate that this cHRT regimen cannot be interpreted based on an 
equilibrium  between oestrogenic and progestogenic potency, but that other 
properties of this compound need further exploration. These indeed may play 

a significant role. CEstradiol valerate, and/or norethisterone are constituents of 

at least 10 other HRT preparations available in the UK. The findings therefore
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have im plications beyond the single product subject of this study, and 
highlight the need for similar work on other combinations.

This study identified smoking as one factor that affects the pattern of bleeding 

on cHRT. It is possible that other factors are also influential. A positive 
correlation was demonstrated between oestrogen absorption and body fat and 

with increased age (431), although no such a correlation was found in this 

study. The discrepancy may be due to the narrow inclusion criteria adopted in 

this work, and if such a correlation was confirmed this may translate into an 
even larger range of variability.

cHRT exerted a physiological effect on some features as the bleeding pattern, 
but did not on others e.g. 0C2PEG or on leukocyte infiltrate. It remains to be 

determ ined whether HRT exerts the same effect on the breast epithelium, 

bone, and other body tissues. cHRT protects against endometrial cancer 

(1.10.1.), the mechanism for this may be mediated through the ability of 

progestogen to inhibit proliferation and induce differentiation (although the 

secretory effect was blunted), or through increasing apoptosis. But if a similar 

effect of increased apoptosis were to occur in the breast, one would expect a 

reduction rather than an increased incidence of breast cancer (1.7.2.).

cHRT has been shown to induce some beneficial as well as some detrimental 

effects on known cardiovascular risk markers (60), this is in agreement with 

the results observed in this study on the endometrium. But it remains to be 

determined which of these risk markers specifically correlate with the degree 

of cardiovascular protection attributed to cHRT.

Because of its inaccessibility bone tissue remains the least studied in relation 

to HRT, and despite the increase in bone density observed in postmenopausal 
women using HRT, there remain a percentage who do not respond to steroids 

(1.8.). The exact relation between increased bone density and the risk of 

fractures remain a matter of controversy, and if the observations noted on 

cHRT endometrium were to apply to the effects on bone, no deduction should 

be drawn from  the study of histology on function, which will make a 
correlation between function and the gross features of bone density more 

problematic.

Good and Moyer (1968) introduced a two dimensional model for the balanced 
effect of oestrogen and progesterone on the endometrium (72). The work in
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this thesis demonstrates that this model is inadequate in the study of cHRT 

and that other influences need to be taken into account. This is depicted 

diagram m atically in Figure (12.4.). In order to achieve optimal endometrial 

developm ent the relative androgenicity needs to be optimised, furthermore the 

influence of other factors for example the gonadotrophins may need to be 

considered.
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Androgenicity

? Other 
influences as 
FSH, LH

(Estrogen

Progesterone

Figure (12.4.)

A m odel for endom etria l developm ent, m odified  from  the tw o dim ensional model of Good 
and M oyer (1968). This model depicts that o ther horm onal influences are important for the 
d ev e lo p m en t o f  endom etrium  that is m orpho log ically  s im ila r to that o f the physiological 
cycle.

A: S ecretory  endom etrium  like that o f the norm al cycle
B: G lands pro liferated  and dilated; epithelium  pseudostratified , strom a underdeveloped 
C; P rogesterone predom inant: glands involuting; strom a predecidual 
D; G lands and strom a underdeveloped 
E: G lands underdeveloped: strom a predecidual
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12.5. Future research

This study highlighted some of the deficiencies in the current understanding of 

the effects of exogenous steroids on the endometrium. This has wider 

implications, as similar deficiencies exist in relation to the other systemic 

effects of the steroids used in HRT. It is proposed that future research should 
be directed at exploring some of the following areas :

1- The study of the effect on the endom etrium , of varying the dose of 

exogenously administered oestrogen, in order to ascertain the possibility of 

producing more 'physiological' structural changes as well as to examine the 

effect of this on functional markers. A comparison could be made between the 

follicular phase and the oestrogenic phase of HRT. One suggestion will aim at 

introducing phasic preparations where the administered oestrogen dose will 

vary to parallel the natural cycle.

2- It is unlikely that varying the oestrogen alone will mimic the physiological 

LP. But this may be facilitated by studying the effect of other progestogens on 

the endometrium using the same approach described in this work. It is 

proposed that this be analysed with reference to their androgenic properties.

3- Evaluation of the effect of androgen receptor stimulation on the 

endometrium, in order to ascertain the extent by which the structural and 

functional parameters tested are influenced by the androgenic properties of 

administered steroids.

4- Evaluation of the role o f PRa and PRb > and of E R a and ER(3 in the 

endometrium, and their relative induction by different steroids.

5- The study of the effect of progestogen and oestrogen metabolites on the 

endometrium, taking into account the effect of systemic as well as local tissue 

metabolism. Also the extent by which endogenous steroids interact with 

administered hormones.

6- The search for functional markers that reflect endometrial development as 

well as markers for systemic desired/adverse effects. These would be most 

useful in monitoring the response to HRT. The identification of such markers 
can help to define more accurately the end objective of HRT administration,
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and may thus be useful in defining the goal for future therapeutic 
developments.

7- Sim ilarly, there is a need for such functional markers in relation to the 

skeletal and the cardiovascular system. This is particularly important as some 

o f the selective oestrogen receptor m odulators, may have weak or no 
endometrial effect.

8- Exploring the HRT model to examine the mechanism(s) involved in 

bleeding, and also how bleeding could be induced/delayed or modified in its 

duration and/or amount by steroids. This would enhance our understanding of 

the physiological process of menstruation and its derangement.

9- The study of the factor(s) that lead to the development of the telescopic 

glands, as this may help the understanding of the process of development of 

endometrial polyps or hyperplasia.

10- The need for monitoring of HRT highlights the need to develop less 

invasive methods for endometrial assessment, possibly the use of uterine fluid 

or uterine secretions in the cervicovaginal area in conjunction with 'dipstick' 

technology to identify particular marker(s).

11- The development of antibodies (as LDS60) for targeted therapy of the 

endom etrium  possible in conjunction with the use o f photo-sensitisers which 

could be used during Laser ablation of the endometrium. This approach may 

help to resolve the problem of abnormal bleeding.
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Appendix 1
C o n te n ts
1- Buffers

1.1. C itrate  B uffer (lO m M  C itra te  B uffer pH 6.0)
1.2. G lu teraldehyde (4% ) in S orensons Phosphate B uffer
1.3. PBS Phosphate  B uffered  Saline, 0 .1M, pH 7.6
1.4. SDS G el-L oad ing  B u ffe r (F or E lectrophoresis)
1.5. %. 1M Sodium  B ora te  B uffer, pH 8.5
1.6. Sorensons P hosphate  B uffer, pH 7.4
1.7.TB B uffer
1.8. TBS , T rism a B uffered  Saline , pH 7.6
1.9. T B S-B SA
1.10. T dT  B uffer
1.11. T dT  B uffer in T rism a  B ase, pH 7.2
1.12. 1 Ox T E  buffer
1.13. T ransfer B uffer (F o r E lectrophoresis)
1.14. lM T r is  HC1, pH  9.5
1.15. 1M Tris, pH 7.65
1.16. T ris-g lycine  E lectrophoresis B uffer

2- Enzym es
2.1 .Pepsin (0.4% )
2.2. Proteinase K (lO m g/m l)
2.3. T rypsin (0.1% )

3- Fixatives
3.1.B uffered N eutral F orm alin  (1% )
3.2. Paraform aldehyde Solu tion  (0.4% )

4- Solutions
4.1. BCIP (5-B rom o-4-ch lo ro -3 -indo iy l Phosphate) stock
4.2. Blocking solution
4.3. DEPC (diethyl pyrocarbonate) w ater
4.4. D extran Sulphate (50% )
4.5. EDTA 0.5M
4.6. 1M Levam isole
4.7. 1M M gCl
4.8. lOmM M anganese ch loride
4.9. 5N1 NaCl
4.10. N B T stock
4.11. I Ox PE
4.12. P re-hvbrid isation  so lu tion
4.13. Sephadex Slurry
4.14. Sodium  cacodyla
4.15. 20x Standard  S aline  C itra te  (SSC)

5- Stains
5.1. M ayer's H em atoxylin

1- Buffers

1.1. Citrate Buffer (lOmiM Citrate Buffer pH 6.0)
Stock solution :
A- 0 .1M citric acid (CbHgOy.HoO) 21.01gm /1000ml
B- 0 .1M sodium  citrate (Na3C 6 H 5 0 7  2 H 2 O) 2 9 .4 lgm  /1000ml
W orking solution: Add 9ml o f A to 41 ml o f B, and 450m l o f  dH 2 0 .

1.2. Gluteraldehyde (4%) in Sorensons Phosphate Buffer
25%  gluteraldehyde solution 16ml
Sorensons phosphate buffer (pH 7.4) 84ml
M ethod:
1- Transfer the gluteraldehyde solution into the fum e cupboard.
2- Using a m easuring cylinder place 84 ml o f Sorensons buffer into a conical flask.
3- Add 16 ml o f the 25 % gluteraldehyde solution in the fum e cupboard. 50mM
4- Transfer to the storage bottle using a funnel.
5- Store at 4°C. Keeps for 6 months.

1.3. PBS Phosphate Buffered Saline, 0.1M, pH 7.6
Sodium  chloride (NaCl) 80gm
D isodium  hydrogenorthophosphate (N a2 H P 0 4 ) 13.7gm
Potassium  dihydrogenorthophosphate (K H 2 PO 4 ) 2gm
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50mM
lOOmM
2%
0 . 1%
10%

38.1 lgm
100ml
8.5

9.465gm 
1 litre

9.07gm 
1 litre

D istilled  w ater (dH 2 0 )to 500ml
A djust pH  to 7.6
dH 2 0  to 10 0 0ml
Stock rem ains stable for 6  m onths at R T  in D uran bottle.
M ake up to 10 litre with distilled  w ater before use.
For lOx PBS for m olecular biology m ake up to 1 litre, treat w ith DEPC and autoclave for 15 
m inutes at 151b sq .in .'^  (in p ressure cooker).

1.4. SDS Gel-Loading Buffer (For Electrophoresis)
Tris.H C l (pH 6 .8 )
D ith io threito l 
SDS
B rom ophenol blue 
G lycerol

1.5. %.  1M Sodium Borate Buffer, pH 8.5
Sodium  borate 
dH 2 0
H eat to aid dissolution, then pH to 
D EPC treat and autoclave.

1.6. Sorensons Phosphate Buffer, pH 7.4
Solution A
D i-sodium  hydrogen orthophosphate 
dH2<3 
Solution  B
Potassium  di-hydrogen orthophosphate 
dH 2 0  
M ethod:
1- A dd 800 ml o f solution A to 200m l solution B.
2- A djust to pH  7.4.
3-Store at 4°C. Keeps for 1 m onth.

1.7.TB Buffer 
Sodium  chloride 
Sodium  citrate

1.8. TBS , Trisma Buffered Saline, pH 7.6
Tris 
NaCl 
dH 2 0  to 
A djust to 
M gCl 
dH2<D to
Stock stable for 6  months at RT in D uran bottle. M ake up to 101 with dH 2 0  prior to use.

1.9. TBS-BSA 
Bovine Serum  A lbum in (BSA, Fraction  V, Sigm a)
TBS

1.10. TdT Buffer
Sodium  cacodylate 
C obalt chloride 
dH20
pH w ith concentrated  HC1 
K eeps for 1 m onth at 4°C.

1.11. TdT Buffer in Trisma Base, pH 7.2
T rism a base 
Sodium  cacodylate 
C obalt chloride

1.12. lOx TE buffer 
Tris HC1 pH 8.0, 1.21 lg  in lOOmls 
ED TA , 0.292g in lOOmls
D issolve the Tris in DEPC w ater in treated glassw are, add the EDTA. Treat pH probe. 
A djust pH  to 8.0.

1.13. Transfer Buffer (For Electrophoresis)
G lycine 39mM
Tris base 48mM
SDS 0.037%

300mM
30mM

7 lgm  
85gm 
500ml 
pH 7.6 
4gm 
1 litre

lgm
100ml

22.4gm 
0.238gm 
1 litre 
7.0

30mM
140mM
ImM

lOOmM
lOmM
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M ethanol
1.14. 1M Tris HC1, pH 9.5

T rism a b ase /d H 2 0  
A utoclave
1.15. 1M T ris. pH  7.65 
T rism a b a s e /d H 2 0
D ilute 1:20 to r  0 .05M  Tris for Proteinase K dilutions. 
M ake up in D E PC  w ater and autoclave.
1.16. T ris-g ly c in e  E lectrophoresis Buffer 
T rism a base
G lvcine (pH  8.3)
SDS

20%

15.76gm/100ml 

12.114gm/100ml

25 mM 
250mM  
0 . 1%

2- Enzymes

2.1. Pepsin (0.4%)
Porcine pepsin  1:2500 (S igm a)/dH 2 0  0.4gm/100ml
5M  H ydrochloric  acid 200fil

2.2. Proteinase K (10pg/ml)
1 m g/m l so lu tion  o f  proteinase K in dH 2 0  lOpl
0 .0 5 M T risH C L  pH 7.6 ~ 990jil

2.3. Trypsin (0.1%)
T rypsin  0.3gm
W arm  (37°C ) d H 2 0  300ml
CaCl 0.36gm
A djust pH  to 7 .8

3- Fixatives

3.1. Buffered Neutral Formalin (1%)
40%  form aldehyde 100ml
N a H 2 P 0 4 .2 H 2 0  4gm
N a 2 H P 0 4  6.5gm
N aC l 8 gm
Tap w ater 900ml

3.2. Paraformaldehyde Solution (0.4%) 
lOx S tock
P arafo rm aldehyde (Sigm a, Dorset, UK) 4gm
lOx PBS 100ml
H eat to 70°C  and add few drops NaOH. Store a t 4°C . S tore for 2 weeks but keep check for 
crysta ls. P araform aldehyde solution in DEPC is m ade up 100ml o f 4%  in lOx PBS, diluted 
w ith D E PC  w ater and stored at 4°C for up to 2 w eeks.

4- Solutions

4.1. BCIP (5-Bromo-4-chIoro-3-indoIyI Phosphate) stock
50m g B C IP  in 1ml D M F (D im ethylform am ide).

4.2. Blocking solution
TBS 100ml
B ovine serum  album in 3gm
T riton -X -100  lOOpl
F ilte r before use. Prepare fresh or store at 4°C for 24hours.

4.3. DEPC (diethyl pyrocarbonate) water
For R N A se free D EPC treated solutions or D EPC  w ater add D EPC  (Sigm a) to the solution to
0.1 % (v/v). S hake vigorously or stir for 2 hours to d isso lve and leave to stand overnight in a 
fum e hood. A utoclave for 15 m inutes at 151b sq.in.~l (in pressure cooker) or boil for 30 
m inutes. All steps perform ed in the fume hood.
N ote: T ris based solutions cannot be DEPC treated in this way and m ust be made up in treated 
g lassw are using autoclaved DEPC w ater and then autoclaved.
To treat g lassw are  etc. soak for at least 1 hour in 3% H ydrogen Peroxide and dry thoroughly 
in the fan oven  at 37°C.

4.4. Dextran Sulphate (50%)
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D extran  su lphate 25gm
D E PC  w ater to 50 ml
D isso lve at 65°C . Do not autoclave.

4.5. EDTA* 0.5M
E D T A /d E h O 18.61gm/100ml
pH  (6 M N aO H ) 8
D E PC  treat and autoclave.

4.6. 1M Levamisole
L ev am iso le /d H 2 0 1.204gm/5ml

4.7. 1M MgCl*
M agnesium  chloride/dH 2 0 20.33 lg/lOOml

4.8. lOmM Manganese chloride*
M anganese ch loride/dH 2 0 0.198gm/100ml

4.9. 5M NaCl*
Sodium  ch lo ride/dH 2 0 29.22gm/100ml

4.10. NBT stock
N B T  (N itrob lue tetrazolium ) 75mg
D M F  70%  (D im ethvlform am ide) 1ml

4.11. lOx PE
Tris (hvdroxvm ethvl m ethvlam ine) 6.058gm
e d t a ' 1.862gm
D EPC  w ater 70ml
pH (concentrated  HC1) to 7.5
A dd (All from  Sigm a)
T etra  Sodium  Pyrophosphate lgm
Polvvinvl Pvrrolidone 2 gm
Ficoll 2 gm
T o aid d isso lu tion  heat to 65°C. O nce d issolved hold  at this tem perature for 15 minutes.
m ake up to 100ml in a volum etric flask. A utoclave for 15 m inutes at 151b/sq.in.

4.12. Pre-hybridisation solution
D EPC  w ater 132.5 jj.1
5M  NaCl 60(ll1
lOx PE 50(J.l
50%  D extran sulphate 100(il
lOmg/m l sonicated  & denatured salm on sperm  D N A 7.5JJ.1
30%  F orm am ide 150(il

4.13. Sephadex Slurry*
S ephadex  slurry (G50) 5 o
lx  T E  B uffer 100ml

4.14. Sodium cacodylate
1.2M so lu tion . pH adjusted to 7.2 with hydrochloric acid.

4.15. 20x Standard Saline Citrate (SSC)*
Sodium  chloride, 3M 175.32gm
Sodium  citrate , 0.3M 98.03gm
d H 2 0  to 1 litre
pH  to 7.0

*Solutions used for m olecular biology were all D E PC  treated and autoclaved.

5- Stains

5.1. Mayer's Hematoxylin
H em atoxylin lgm
A lum inium  potassium  sulphate 50gm
Sodium  iodate 0 .2 gm
C itric acid lgm
d H ? 0 1 litre
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Appendix 2

Antibodies used in the thesis

Primary antibody 

Antigen

Supplier Antibody
type/Clone

I §
isotype

Pre-
treatment,
time

Dilution,
time,
temp

CD 3 D ako R abbit PcAb anti- 
1 hum T cell

Pep, 40 | 1:50. 
min, 37C | Ovn, 4C

C D 20 D ako 1 M cAb mouse anti- 
! hum  B Cell, L26

IgG2a/
kappa

Pep, 30 
min, RT

1:50, 
Ovn, 4C

C D 45 (LC A ) D ako j  M cA b mouse anti- 
i  hum, 2B11& PD 7/26

Ig G l/
kappa

Pep, 20 | 1:150. 
min, 37C 1 2h..37C

C D 56/N eural Cell 
A dhesion M o le c u le -1

N eo-
m arkers

McAb mouse anti-hum 
NCAM, 123C3D5

Ig G l/
kappa

Mv, CB, 30 
min

1:50,
2h..37C

C D 6 8 D ako j M cA b mouse anti- 
I hum. KP1

Ig G l/ I Pep, 30 | neat, 
kappa j min, 37C \ Ovn. RT

Bcl-2 D ako | M cA b m ouse anti- IgG 1/ | Mv, 40 min j  1:25.
! hum . 124.(3) { kappa J j  Ovn.4C

Ki67 (M ib l) Science"*1 j M cA b m ouse anti- | IgG 1 
j Ki67 fragm ent. M ib 1 j

Mv, 40 min | 1:50.
| Ovn. RT

E strogen R eceptor (ER) N eo- | M cAb mouse anti- J  IgG 1/ 
m arkers i hum, A ER314 | lam bda

Mv, 30 min | 1:50.
j Ovn. 4C

H eat Shock P rotein 27 
(hsp27)

N eo- ) M cA b m ouse anti- j  IgG l 1 Pep. 20 j  1:100. 
m arkers i HSP27, G3.1 j  J min. 37C i 2h. 37C

P rogesterone recpetor 
(PR)

N eo- j M cAb m ouse an ti
m arkers i hum . hPR a 3

IgG l i Mv, 30 min j 1:50.
J j  Ovn. 4C

ct2PEG D r SC 
B e ll1

M cAb m ouse anti- j  none j 1:2000. 
hum. Code 2 C H 1 1 J  j  j 2h. 37C

Sm ooth M uscle Actin D ako | M cA b m ouse anti- J IgG2a/ 
1 hum  aS M A , I A 4  (1) j  kappa

Mv, 30 min j 1:50.
1 Ovn. 4C

Von W illebrand Factor Serotec j M cA b m ouse anti- | IgG l 
j  hum. 21-43 )

Mv, 30 min j  1:50.
| Ovn. 4C

Secondary Antibody Supplier Type/ clone Dilution, time, temp

A lkaline phosphatase-conjugated  rabbit anti
m ouse im m unoglubulins

Dako PcAb 1:150, 30min. RT

A nti-G oat/Sheep  Ig G l. peroxidase Sigm a M cA b/ GT- 
34

1:3000, lh,.37C

B iotinylatcd rabbit anti-m ouse 
im m unoglobulins

Dako PcAb 1:150, 30min. RT

B iotinylated  F(ab)2 fragm ented sheep anti
m ouse im m unoglobulins

Sigm a PcAb 1:2000 lh , 37C

B iotinylated  F(ab)2 fragm ented sw ine anti
rabbit im m unoglobulins

Dako PcAb 1:150, 30 min. RT

C = 3C , C B = citra te  buffer. h= hour, hum =hum an. M cA b=m onoclonal antibody, m in=m inute. 
V lv= m icrow ave. O v n = o v em ig h t, PcA b= polyclonal antibody, Pep=pepsin. R T=room  tem perature.

1 K ind lly  rov ided  by Dr. SC Bell, U niversity  o f Leicester.
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Appendix 3

Reagents used in this thesis

Reagent Supplier Lot/ Catalogue 
no.

ECL detec tion  reagent (RPN2106) A m erhsam  ,UK RPN2106

Fast Red T R /N aphthol A S-M X  A lkaline 
phosphatase substrate tablet set

Sigm a, U K F-4523

L evam iso le solution V ector Laboratories, U SA SP-5000

N orm al R abb it Serum Dako, B ucks, U K Lot 054

Sw ine Serum Dako, B ucks, U K Lot 063

V ectastain  A B C -A P  Kit V ector L aboratories, USA AK-5000

V ectastain  A B C  Kit (peroxidase) V ector Laboratories, USA PK-4000

V ectastain  A B C  elite Kit (peroxidase) V ector L aboratories, USA PK-6100

V ector alkaline phosphatase substrate 
kit (B C IP /N B T )

V ector L aboratories, U SA SK-5400

V ector D A B substrate kit (peroxidase) V ector L aboratories, USA SK-4100

V ector SG  substra te  Kit (peroxidase) V ector L aboratories, U SA SK-4700
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Appendix 4

Bradford protein assay

1) Laboratory reagents:
Human serum albumin Fr. V (S igm a,) for protein standard lmg/ml in water.

2) Bradford reagent: lOOmg Coomassie brilliant blue G250 (ICN, Thame, 
UK) in 50ml ethanol, add 100ml 85% orthophosphoric acid (50ml 
orthophosphoric acid S.G. 1.75 + 50ml distilled water).
Dilute to 1 litre with water and filter through Whatman no. 1 filter paper.

3) Assay: 0.2 ml standard/ sample mixed with 5ml reagent and stand for 10 
minutes.
4) Read absorbency at 595nm.
5) Standard curve:

Human serum albumin 

(^g)

Human serum albumin 
(ml)

Water (ml)

2 0.010 0.990

5 0.025 0.975

10 0.050 0.950

15 0.075 0.925

20 0.100 0.900

25 0.125 0.875

30 0.150 0.850

35 0.175 0.825

40 0.200 0.800

50 0.250 0.750

60 0.300 0.700
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Endom etrial Responses to Hormone Replacement
Therapy

A bstract

Combinations of an oestrogen and a progestogen are being increasingly 
used to correct the hypo-oestrogenic postmenopausal state. Underpinning this 

use is the assumed causal link between oestrogen deficiency and increased 
morbidity and mortality, and that 'replacement' using exogenous steroids will 

reverse the adverse effects of hypo-oestrogenism. In this thesis, the endometrial 

effects of cyclical combined HRT were used as an index of its systemic action. 

A subgroup of women was identified that exhibited a bleeding pattern 

rem iniscent of the physiological cycle, but study of known structural and 

functional markers in the endom etrium  of this subgroup, demonstrated 

significant differences compared to the endometrium obtained from a 

corresponding phase of the physiological cycle. These differences were 

dem onstrated both in the glands and the stroma, and were unexpected 

considering the similarity in clinical behaviour.

This dissociation between endometrial bleeding and known structural and 
functional markers, demonstrates the unreliability of bleeding as an indicator of 

a physiological effect on the endometrium, and by corollary, elsewhere in the 

body. Furthermore, features in the endometrium indicated a non-physiological 

effect. The differences in individual response indicate individual monitoring, 
and the lack of correlation between different markers indicates monitoring each 

effect. As this thesis refutes the hypothesis of a physiological effect of HRT, 

the need emerges for the identification of correlates of function in each body 

tissue.

W ith the view to develop new markers of function, a monoclonal 

antibody was developed that may be potentially useful in gauging the effect of 
HRT on the endometrium. But it was not possible to interpret the overall 
endometrial effects based on a two dimensional relation between oestrogen and 

progesterone, which may signify the importance of the androgenic properties of 
the administered progestogen as well as the effect(s) of the endogenous 

postmenopausal hormonal milieu.
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Little information is available concerning the response 
of the endometrium to exogenous sex steroid therapy, 
particularly in the post-menopausal state. In this study we 
examined the variability of the bleeding pattern in 103 post
menopausal women receiving cyclical sequential combined 
hormone replacement therapy (HRT) over 6 months. All 
patients kept menstrual diary cards to record the onset, 
duration and subjective assessment of the severity of 
bleeding. We defined a cycle as starting from the commence
ment of treatment till the day of onset of bleeding. Two 
groups were identified amongst 99 women who experienced 
bleeding: those with a mean cycle length of 29 or more 
days (late bleeders, n = 50) and those with shorter mean 
cycle length (early bleeders, n = 49). The former were 
characterized by less variability in cycle length and bleeding 
that was of shorter duration. Four women experienced no 
bleeding. There were no significant differences between the 
two groups in age, year since the menopause, weight, 
height, body mass index (BMI), parity, or in the previous 
use of HRT. The only significant difference was in their 
smoking habits. This suggests a possible link of a hypo- 
oestrogenic state to poor cycle control.
Key  words:  cycle variability/horm one replacem ent/m enopause/ 
menstrual bleeding pattern

Introduction
An average woman should expect to live one-third o f her life 
after the m enopause (Ferguson et al . , 1989). M ost women will 
benefit from oestrogen replacem ent therapy, which confers 
cardiovascular protection, prevention of osteoporosis, and the 
relief from many of the distressing sym ptom s associated with 
the m enopause (Daly et al., 1992)

The addition of progestogen to oestrogen replacem ent regi
mens for the protection against endom etrial hyperplasia and 
carcinom a has introduced hormone ‘w ithdraw al’ bleeding, 
which, especially if heavy or irregular, ranks am ong the most 
important causes for discontinuation o f therapy. Up to 50% of

those who stop treatm ent do so because of bleeding problems 
(Nachtigall, 1990). Despite this, our understanding of the 
mechanisms underlying bleeding in hormone replacement 
therapy (HRT) cycles rem ains limited.

The paucity of detailed studies o f the bleeding pattern on 
HRT (Al-Azzawi et al., 1994; H abiba and Al-Azzawi, 1994) 
is surprising, especially when this is com pared to studies on 
normal menstrual patterns (Zuckerman, 1949; Treloar et al., 
1967; Chiazze et al., 1968; M unster et al., 1992) and bleeding 
associated with the use of oral contraceptive pills (Belsey, 
1988; Belsey et al., 1988).

Studies o f the bleeding pattern on HRT regimens are 
important not only because unpredictable bleeding will 
adversely affect the acceptance of HRT (Al-Azzawi and 
Habiba, 1994), but also because they may provide insights 
into the mechanism(s) responsible for the control o f bleeding 
p e r  se,  whether HRT-induced or in natural cycles

In the present study we have investigated the bleeding 
pattern in a group of women receiving HRT over 6  months of 
observation. As both the variation from cycle to cycle within 
an individual as well as the differences between women 
contribute significantly to our understanding of HRT cycles, 
both will be examined in this analysis.

We shall use an analytical model (Harlow and Zeger, 1991) 
that enables us to investigate the cyclical nature of HRT- 
induced bleeding, rather than the 90 day bleeding interval 
method. The latter method was adopted by the World Health 
Organization (WHO) in studies o f menstrual bleeding patterns 
(Rodriguez et al., 1976; Belsey and Farley, 1987; Belsey and 
Carlson, 1991). However, as its focus was on the effect of 
different modalities of contraceptives, some of which do not 
induce cyclical bleeding, its methodology and terminology 
regarded the menstrual cycle as consisting of a conglomerate 
of separate events which resulted in the separation o f the 
concept o f episodic bleeding from that o f cyclicity (Harlow 
and Zeger, 1991). The 90 day bleeding interval method focuses 
on the collective numbers o f cycles or ‘bleeding episodes’ 
experienced by the whole group rather than the experience of 
the individual woman. Although helpful in com paring different 
drug regimens, this approach is less helpful when we try to 
gain insight into the behaviour o f the individual woman 
and into the mechanism(s) that influence cycle length and 
blood loss.

By defining the HRT cycle as the interval between the 
com m encem ent of medication and the day of onset of bleeding, 
this paper attempts to answer two questions: firstly to determine 
intra-patient variability or cyclicity and secondly to determine 
what is the average cycle length and how cycles vary about 
this average in the whole group of patients. These questions
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T a b le  I Reason lor nol h e m e  enrolled  inlo the stuilv fo llowing sc ieenm g

No

High oest radiol i ■ pi?)
( h a n g e d  hei muul  re pai lis ipalini? (>
Age below or above  specitieil '
I ost to tollovv up  *
Adm in is tra t ive  I
I I m onths  post m enopausa l  I
Lntrs biopsv not |v r l o r m c d  I
Contra ind icat ion  to HRT ^
Llevated livei e n / v m e s  2
D eveloped  th rom boph leb i t is  1
Bowel  cance r  I

HR I ho rm one  rep lacem ent  th e ra p y

arc distinct (Burch et al. .  1967) and in addressing them  we 
aim ed to gain insight into different aspects ot the cycle control 
on HRT.

Materials and methods
T h i s  s t u d v  w a s  a n  o p e n  d e s i g n ,  o n e  c e n t r e  s tu d s  w i th  a m b u l a t o r s  

p a t i e n t s .  A l l  w o m e n  w e r e  r e c r u i t e d  f r o m  a m o n g  t h o s e  r e f e r r e d  to  

T h e  M e n o p a u s e  R e s e a r c h  l  in t at L e i c e s t e r  R o y a l  In f i r m a r y .  I K by 

t h e i r  G e n e r a l  P r a c t i t i o n e r .  A l l  p a r t i c i p a n t s  s i g n e d  a n  i n f o r m e d  c o n s e n t  

a p p r o v e d  b y  th e  lo c a l  e t h i c s  c o m m i t t e e .  P a r t i c i p a n t s  a d h e r e d  to  a 

r i g i d  s c h e d u l e ,  t h e  t i r s t  c o n s u l t a t i o n  b e i n g  a p r e - s t u d s  a s s e s s m e n t  t o r  

in c l u s i o n .  2 - 3  w e e k s  p r i o r  to  c o m m e n c e m e n t  o f  th e  IBS d a y s  o t  

a c t i v e  m e d i c a t i o n .  D u r i n g  t h e  t r e a t m e n t  p e r i o d  w o m e n  a t t e n d e d  c l i n i c  

e v e r y  5 6  d a s s .  O u r  o b j e c t i v e  w a s  to  e v a l u a t e  1(H) c o m p l e t e d  p a t i e n t s  

A  to ta l  o f  164  p o s t - m e n o p a u s a l  w o m e n  w e r e  s c r e e n e d ,  b e t w e e n  

D e c e m b e r .  19 4 2  a n d  S e p t e m b e r .  1 4 4 4 .  a c c o r d i n g  to  the  s tu d s  p r o t o c o l  

T h i r t y - t h r e e  p a t i e n t s  s u b s e q u e n t  to  s c r e e n i n g  w e r e  f o u n d  n o t  to  be  

e l i g i b l e  to  c o n t i n u e  w i t h  t h e  s tu d s  ( T a b l e  I) T h e  i n c l u s i o n  c r i t e r i a  

w e r e  h e a l t h s  n o n - h y s t e r e c t o m i / e d  p o s t - m e n o p a u s a l  w o m e n ,  a g e d  

b e t w e e n  4 4  a n d  6 2  s e a r s ,  w h o  w e r e  at le a s t  12 m o n t h s  s i n c e  t h e i r  

las t  n o r m a l  m e n s t r u a l  p e r i o d ,  s s i th  s e r u m  o e s t r a d i o l  o f  - 1(H) pm ol /1  

a n d  s e r u m  f o l l i c l e  s t i m u l a t i n g  h o r m o n e  ( P S H )  ■ 4 0  I l  /l N o n e  h a d  

r e c e i v e d  o ra l  o r  t o p i c a l  o e s t r o g e n ,  p r o g e s t o g e n  o r  a n d r o g e n  w i t h i n  

t h e  p r e v i o u s  3 m o n t h s .  W o m e n  svho h a d  e s e r  r e c e i s e d  o e s t r a d i o l  

i m p l a n t s  w e r e  e x c l u d e d  A l s o  e x c l u d e d  w e r e  s s o m e n  ss i th  c o n t r a  

i n d i c a t i o n s  to  H R T  A l l  s s o m e n  u n d e r s s e n t  r o u t i n e  m s e s t i g a l i o n s  t o r  

p a r a m e t e r s  o f  l ive r ,  r e n a l  a n d  t h y r o i d  f u n c t i o n  a n d  th o s e  p a t i e n t s  s s h o  

h a d  e v i d e n c e  o t  a b n o r m a l i t i e s  s se re  e x c l u d e d  A ll  s s o m e n  h a d  a 

n o r m a l  m a m m o g r a m  a n d  a n o r m a l  c e r v i c a l  s m e a r  b e f o r e  c o m m e n c i n g  

th e r a p y .  T h e  n o r m a l i t y  o f  t h e  e n d o m e t r i u m  ssa s  c o n t i n u e d  by a n  

e n d o m e t r i a l  p i p e l l e  b io p s y  ( l . a b o r a t o i r e  ( C l ) .  P a r i s .  P r a n c e  l p r i o r  to  

e n r o l m e n t  i n to  th e  s tu d y .  P a t i e n t s  w e r e  to  be  e x c l u d e d  it th i s  b io p s y  

c o u l d  n o t  b e  o b t a i n e d  b e c a u s e  o f  a d m i n i s t r a t i s e  o r  t e c h n i c a l  r e a s o n s  

o r  it th e  b a s e l i n e  b io p s y  s h o w e d  e s i d e n c e  o t  e n d o m e t r i a l  h s p e r p l a s i a  

o r  m a l i g n a n c y .  A  p e l v i c  e x a m i n a t i o n  w a s  p e r f o r m e d  at th e  b e g i n n i n g  

o t  t h e  s t u d y ;  p a t i e n t s  w i th  a b n o r m a l i t i e s  o n  s a g m a l  e x a m i n a t i o n  

w e r e  e x c l u d e d .  A d d i t i o n a l  o e s t r o g e n i c ,  p r o g e s t o g e m c  o r  a n d r o g e n i c  

p r e p a r a t i o n s  s se re  n o t  a l l o w e d  d u r i n g  th e  s tu d y  D r u g s  k n o s s n  to  

i n f l u e n c e  th e  m e t a b o l i c  c l e a r a n c e  ot s t e r o i d s  bs  t h e  l i v e r  s se re  

c o n t r a i n d i c a t e d .

A l l  w o m e n  w e r e  p r e s c r i b e d  a r e g i m e n  o f  2 m g  o f  o e s t r a d i o l  

( S o l r a y  P h a r m a .  G m b H )  v a l e r a t e  da i ly  s s i th  th e  a d d i t i o n  o f  1 m g  o f  

n o r e t h i s t e r o n e  (S o l r a y  P h a r m a .  G m b H )  f r o m  d a s  17 t h r o u g h  to  d a s  

2K o f  e a c h  c y c l e .

T h e  f ina l  v is i t  s sas  p l a n n e d  to  b e  at t h e  e n d  o f  th e  la st 2 d a s s  o f  

t a b l e t  i n t a k e  ( d a s  27  o r  2X o t  c y c l e  6 )  w h e n  a g e n e r a l  p h s s i c a l

e x a m i n a t i o n ,  b l o o d  s a l e t s  t e s t s  a n d  an  e n d o m e t r i a l  b i o p s y  ssere  

p e r f o r m e d .

Bleeding episodes: records and description
P a t i e n t s  t i l l e d  m  D ia ry  ( a r i l s  d u r i n g  the  s tu d s  p e r i o d  to  d o c u m e n t  

in t . ik e  o t  s t u d s  m e d i c a t i o n  a n d  to  r e c o r d  the  d a y s  o t  b l e e d i n g  a n d  its 

s e s e r i t s  T h e  c a r d  d e s i g n  w a s  s u c h  as  to m m i m i / e  an y  s h a m e s  ot 

m a c c u r a c s  B l e e d i n g  w a s  g r a d e d  as  n o  b l e e d i n g  (0 ) .  s p o t t i n g  i l l ,  

n o r m a l  (2 ) .  h e a s s  ( H  I h e  to ta l  b l e e d i n g  s c o r e  s sa s  r e p r e s e n t e d  by 

th e  s u m m a t i o n  ot th e  d a i ly  s c o r e s  I h is  to ta l  b l e e d i n g  s c o r e  vs as 

d i v i d e d  b s  t h e  d u r a t i o n  o t  b l e e d i n g  to  c a l c u l a t e  t h e  a v e r a g e  b l e e d  

m g  s c o r e
D i a r i e s  s se re  c o l l e c t e d  b s  th e  i n v e s t i g a t o r s  at e a c h  v i s i t  a n d  c h e c k e d  

l o r  a c c u r a c s  a n d  c la r i ty  A d h e r e n c e  to  the  r e g i m e n  w a s  v e r i f i e d  by 

c h e c k i n g  t h e  p a t i e n t s '  d ia ry  c a r d s  a n d  by c o l l e c t i n g  t h e  r e t u r n e d  

m e d i c a t i o n  p a c k s  a n d  c o u n t i n g  any r e m a i n i n g  t a b l e t s  T h e  d o c u m e n t a 

t i o n  o n  th e  d i a r i e s  w a s  v e r i f i e d  a g a i n s t  th e  r e t u r n e d  b l i s t e r  p a c k s  All  

a d v e r s e  e v e n t s  a n d  c o n c o m i t a n t  m e d i c a t i o n s  w e r e  r e c o r d e d

l o r  t h e  d e s c r i p t i o n  ot b l e e d i n g  e p i s o d e s ,  w e  a d o p t e d  th e  t o l l o w m g  

c r i t e r i a ,  b l e e d i n g  w a s  d e f i n e d  as any s a g m a l  b l o o d  l o s s  r e q u i r i n g  the  

u s e  o f  s u c h  p r o t e c t i o n  as  p a d s  o r  t a m p o n s  S p o t t i n g  w a s  d e t m e d  as 

a n s  s a g m a l  b l o o d  lo s s  n o t  r e q u i r i n g  s a n i t a r y  p r o t e c t i o n  A  p e r i o d  

w a s  d e t m e d  a s  at le a s t  2 c o n s e c u t i v e  d a y s  d u r i n g  w h i c h  b l o o d  lo s s  

( b l e e d i n g  o r  s p o t t i n g )  w a s  e n t e r e d  o n  th e  c a l e n d a r  r e c o r d  a n d  

th a t  w a s  b o u n d e d  bs  m o r e  th a n  o n e  b l e e d i n g / s p o t t i n g  t r e e  d a s  

B r e a k t h r o u g h  b l e e d i n g  w a s  d e t m e d  a s  any  b l e e d i n g / s p o t t i n g  e p i s . d e  

th a t  o c c u r r e d  b e t w e e n  c o n s e c u t i v e  p e r i o d s  a n d  w a s  s e p a r a t e d  I r o m  

th e  p e r i o d  d a s s  by -1 b l e e d m g / s p o t t i n g - t r e e  d a s  f o r  t h e  p u r p o s e  ot 

t h i s  a n a l y s i s ,  w e  to o k  the  day o t  c o m m e n c e m e n t  o t  th e  iK .-s t rogem c  

p h a s e  o t  t h e  c y c l e  as  the  f ix e d  p o i n t  o t  r e t e r e n c e  \ \ c  t h u s  d e t m e d  

th e  c y c l e  a s  s t a r t i n g  o n  the  day  o t  c o m m e n c e m e n t  o t  o e s t r o g e n  to 

t h e  d a s  o f  o n s e t  o f  b l e e d i n g

Bleeding episodes: data analysis
O n e  o b j e c t i v e  w a s  to  desc r ibe -  t h e  v a r i a b i l i t y  m  c y c l e  l e n g t h  m 

i n d i v i d u a l  w o m e n  W e a s s e s s e d  th i s  r e l a t i o n s h i p  by e s t i m a t i n g  the  

p r o b a b i l i t y  o t  t r a n s i t i o n  f r o m  a g i v e n  c y c l e  l e n g t h  to  v a r i o u s  a l t e r n a t i v e  

c y c l e  l e n g t h s  a n d  by e x a m i n i n g  th e  d e g r e e  >>t c o r r e l a t i o n  b e t w e e n  

l e n g t h  o t  th e  c u r r e n t  c y c l e  a n d  l e n g t h  o t  s u b s e q u e n t  c y c l e s

C y c l e s  w e r e  d i v i d e d  in to  l ive  c a t e g o r i e s  a c c o r d i n g  to  l e n g t h .  2b. 

2 6  2 7 .  2X 2 l>. *0 M .  a n d  H  d a y s  T o  d e t e r m i n e  th e  v . i r i a b i l i t s  in 

c y c l e  l e n g t h  m  a n  i n d i v i d u a l  w o m a n ,  w e  e s t i m a t e d  th e  p r o b a b i l i t y  of 

th e  w o m a n  h a v i n g  a s i m i l a r  o r  a n  a l t e r n a t i v e  c y c l e  l e n g t h  m  the 
t o l l o w m g  c y c l e  T h i s  t r a n s i t i o n  p r o b a b i l i t y  w a s  e s t i m a t e d  a s  t .> ll . .w s 

T h e  p r o b a b i l i t y  o t  t r a n s i t i o n  t r o m  c a t e g o r y  i to  c a t e g o r y  | w .o  

c a l c u l a t e d  a s  b e i n g  th e  r a t i o  ot t h e  to ta l  n u m b e r  >>| t i m e s  th e  xlh 

w o m a n  s t a r t e d  in c a t e g o r y  i a n d  m o v e d  to  |. to  th e  to ta l  n u m b e r  ot 

t i m e s  th e  d th  w o m a n  s t a r t e d  m  c a t e g o r y  i T h e s e  r a t i o s  a r e  th en  

a r r a n g e d  o s e r  t h e  to ta l  n u m b e r  ot w o m e n  w tin  e s e r  b e g a n  m c a t e g o r s  i 

T o  d e t e r m i n e  th e  v a r ia b i l i ty  m  the  d i t t e r e n c e  b e t w e e n  c s d e  l e n g t h s  

w e  s i m i l a r l y  c a l c u l a t e d  th e  p r o b a b i l i t y  lor  a w o m a n  h a s  m g  a v a r ia t io r i  

m  c y c l e  l e n g t h  o t  0 .  1 a n d  2 o r  m o r e  d a y s  b e t w e e n  t w o  c o n s e c u t i v e  

c y c l e s  o t  h a v i n g  a s i m i l a r  o r  a d i t t e r e n t  v a r i a t i o n  in  c s c l e  l e n g t h s  m 

h e r  s u b s e q u e n t  c y c l e s

S t a t i s t i c a l  c o m p u t a t i o n s  w e r e  p e r f o r m e d  by r e p e a t  m e a s u r e m e n t s  

a n a l y s i s  o f  v a r i a n c e ,  a n d  S t u d e n t  I te s t  t o r  g r o u p  d i t t e r e n c e s  u s in g  

th e  S u p e r A N O Y A  s o f t w a r e  ( A b a c u s  C o n c e p t s .  I n c .  B e r k e l e s .  ( A  

I S A )  t o r  th e  A p p l e  M a c i n t o s h  c o m p u t e r  R e s u l t s  .ire  s h o w n  as 

m e a n  * S I )

R e s u lts

Patient description

O t th e  131 p a t i e n t s  ssh o  c o m m e n c e d  th e r a p y  th e r e  ssere  2S 
w i t h d r a w a l s  ( 2 1 G ) .  The p r im a ry  r e a s o n s  l o r  s s i th d ra s sa l  ot
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Bleeding on HRT

Table II. The primary reason for withdrawal after enro lment into the study 
<'/( of the total num ber enrolled)

Primary reason for withdrawal Total no. 9c

Period related 6 4.5
Heavy bleeding 5
Not wanting periods 1

Side effects 11 8.3
Fluid retention 3
Poor symptom control 3
Skin rash whilst on therapy 1
Breast tenderness 1
Depression 1
Dysmenorrhoea 1
Headaches 1

Adminis tra tive 8 6.1
Declined end biopsy 3
Poor compliance 3
Lost to follow-up 1
Changed address /unable  to attend 1

Other 3 T S

Breast cancer 1
Superficial thrombophlebit is 1
Widespread cancer 1

Total 28 21.3

these patients is listed in Table II. Only five (3.8% ) stopped 
because they experienced heavy periods; a sixth patient stopped 
treatment as she decided that she did not wish to have periods. 
Only three stopped treatm ent for poor sym ptom  control; those 
who com pleted the study reported adequate sym ptom  relief.

There were 103 patients who com pleted the 6  months on 
therapy. Their mean age was 53.4 years (range 44.2-61.5  
years). The average parity was 2.3 (range 0 -5 ), weight 
67.9 kg (range 48 -96  kg), height 160 cm (range 144—177 cm) 
and body mass index (BMI: kg/m : ) was 26.3 (SD =  4.3). 
They were all at least 1 year past the m enopause, with a 
median of 40 months (range 12-240 months). Twenty-five 
women in this group (24.2%) were smokers; for these the 
average num ber of cigarettes smoked was 15 cigarettes per 
day. None o f the representative samples of endom etrium  that 
were taken at the end of the study showed proliferative, 
hyperplastic or neoplastic changes. The final biopsy in all 
patients but 12 showed secretory endom etrium . O f these, six 
were insufficient or scanty, one sample was taken during the 
proliferative phase and another was taken after the patient had 
stopped therapy—  these proved to be proliferative and atrophic 
endom etrium  respectively. Four other samples (three in the 
early bleeder group and one in the late bleeder group) showed 
inactive endom etrium. A detailed study o f these biopsies is 
currently underway.

Four patients did not experience any bleeding whilst on 
therapy. Their mean age (52.8 years), weight (60.7 kg), height 
(160.2 cm), BMI (23.5) and the num ber of previous HRT 
regim ens they used (mean 1.25, range 0 -2 ) were not statistically 
different from the rest of the group.

The bleeding pattern
Figure 1 illustrates the frequency distribution of the cycle 
length in all individuals. We excluded the last cycle for all 
patients to obviate the probability of over-representing short

N o o f  c y c le s  1 2 0 '

100 '

17 20 22 27 24 25  26  27  28 29  30 31 32 33 34 35 39

C y c le  len g th  (days]

Figure 1. The distribution of cycle length of all women excluding 
the last cycle. Cycle length was calculated from commencing HRT 
to the onset of bleeding.

35

30

15

Figure 2. The mean and the range of cycle length of individual 
women. The means are plotted in the order of increasing 
magnitude.

cycles. There were 475 com pleted cycles, data were missing 
in six cycles and in 32 instances there was no bleeding, 20 of 
which were from four women. The mean cycle length in these 
cycles was 28.7 ±  2.7 days and the median 29 days (range 
17-39). Out of these 475 cycles, 171 (36%) commenced before 
day 29, and 304 (64%) com m enced on or after day 29.

Figure 2 shows the relation between the mean cycle length 
for each patient and the individual range o f cycle lengths. A 
mean onset o f bleeding of 29 or later appeared to be associated 
with less cycle to cycle variability within an individual. This 
is shown dramatically in Figure 3 when the mean cycle lengths 
of all women were plotted versus the intra-individual standard 
deviations. The mean cycle length for those who bled before 
day 29 was 27.0 ±  2.3 days, and for those who bled on or 
after day 29 was 30.4 ±  1.3 days. The significant difference 
between the cycle lengths in the two groups was consistent 
when all the cycles were considered (P  <  0.0001, F  value 
161.7, repeat measurem ents ANOVA). O f the women who had 
a mean cycle length of < 2 9  days (n =  49), only six had a 
standard deviation (SD) of <  1. The mean cycle length in these 
six patients was 24, 24.8, 26, 26.6, 26.6, and 27 days. Thirty 
patients in this group had a SD o f < 2  days. O f the women 
who had a mean cycle length o f 29 days or more (n =  50),
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Diiys *4

2s

4 S t-40
In t r a - in d iv id u a l  s ta n d a r d  d e v ia t io n

Figure 3. M e a n  c y c l e  l e n g t h  ( d a y s )  o f  i n d i v i d u a l  w o m e n  w i t h  th e  i n t r a - i n d i v i d u a l  s t a n d a r d  d e v i a t i o n .  T h e  l a r g e r  c i r c l e s  i n d i c a t e  o v e r la p p in g  
o b s e r v a t i o n s .

Table II I .  D em ogra ph ic  and cycle  characte ris tics  ot patients  who  hail shod  cycles .  i e ■ 2o days  ie.irI> hleedersi .  long o  J e v  i e equal  or 21' dass  date 
bleeders) ,  and the non-b leeders  ssho exper ienced  no b leeding on  this reg im en

Study popula tion

I.ate bleeders  in 
M ean i SD i

5 0 1 Parly b leeders  m 4o i 
M ean  i SD  i

Non bleeder ■> o : 4 
M ean  ' S D '

r

Age 54 * i44 2 6 0 * i s2 ~ 14b 4 t y r  i s2 s i s | sf, ; * ,
Weight (k g ) ti” 0 i 10.5 i bS 5 i 1 * b i r>< i ~ i |ii 2 1 (1 M
Height (cm) 1 so  2 i b S i 1b |  4 ib  4 2 i I t>( 1 2 • " b . 11 2
BMI 2b -  i * S I 2 tv 2 14 s  i 2 * s i 2 2 > ii <<■
Systol ic BP i *5.o i r  11 i *2.o i r  *» in s  , r  *> 11 U)
Diastolic BP " 0  " 1 S S 1 s o  2 i o 4 i bO i S | i 1 1 S
Pulse ■’2.5 i o o i ’ N i ' b i W  s , s O S|
Previous  H R T * * 110 il) 4*1 IM Ii l l  5*i 1 2 ■ o  2 * i
M onths  since I .M P 5".S I l b  IbO* i S2 * i s  2 4 0 i 4 s '  i 1 \  tio* i
No. ot c igare ttes  per day 0  "4 . A 2 i b iO 2 i 1 ' i 1 2 s , 111am
Dura tion ot b leeding  i day si S ID i | S” , b s ; , ; () i N \
Total b leeding score *** ’  SO 1 t I I I II o s  ,4 to N \
Average b leeding score * • • • 1 b (0 041 1 Ss , | |  * * i N \

BMI body m ass  index;  BP blood pressure .  HRT horm one rep lacem ent  therapv.  1 M P  last monthlv ['em hI
'R a n g e
* ‘ N um ber  ot prepara t ions  used in the p a s t

***'Ihe sum ol the b leeding score per bleeding episode
* * * * I h e  b leeding  score per ep isode  div ided  bv the dura tion ot b leeding
V  value refers to the d i t te re ncc  be tw een  earls and late bleeders
N/A non-applicable .

39 had a SD ol 1 day, 45 had a SD of *-.2 days and 5 had 
a SD of m ore than 2 days. The mean cycle length of these 
live patients was 29, 29.2, 29.6, 29.8, and 31.4 days. Iw entv- 
nine out ot this g roup had a range of variability betw een the 
shortest and the longest cycle o f 0  or 1 days, 10 had a range 
o f 2 days, and four had a range o f 3 days. Seven out o f the 
49 w om en w ho bled early had a range of variability of 2 or 
fewer days, and 1 1 had a range of 3 days.

There was no statistically significant difference betw een the 
group of w om en w ho had a mean cycle length of ^ 2 9  days 
(/i = 49). term ed ‘early b leeders ', and those who bled on or 
after day 29 (n ~  50). term ed ‘late b leeders ', in respect to the 
duration o f the m enopause, w eight, height, BM I. systolic or 
diastolic blood pressures or in the num ber o f HRT preparations 
they used in the past (Table III). Harly bleeders exhibited

significantly longer duration of b leeding </’ • 0 .0 0 0 1 . t
value. 19.702) and had higher total b leeding scores than late 
bleeders ( / ’ • 0 .0 0 0 1 . F value 22.3) These differences
w ere consistent throughout all treatm ent cycles ( Iable III) 
H ow ever, there was no significant d ifference in the average 
bleeding score.

There was a significant difference betw een the SD of the 
cycle lengths (a m easure of cycle variability ) o f early and late 
b leeders (m ean r. SD o f early bleeders 1 9 9 6  * 1.061 and 
late bleeders 0.865 _. 0.861, P  • 0 .0 0 0 1 1.

We found that early bleeders sm oked significantly more 
cigarettes than late bleeders ( / ’ ■ 0.0002). Non-bleeders
In 4) sm oked an even higher m ean num ber of cigarettes 
per day. The difference betw een non-bleeders and late bleeders 
was statistically  significant ( / ’ • 0.003).
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Women with the least cycle to cycle variability between two 
consecutive cycles and those with most variability continued to 
exhibit sim ilar characteristics in any subsequent third cycle 
(Table IV). Table V demonstrates the probability for a woman 
with a particular cycle length of having the same or a different 
cycle length in the following cycle. It dem onstrates a tendency 
for the short and the long cycles to be followed by sim ilar 
cycles, e.g. cycles shorter than 26 days had a 0.65 probability 
of being followed by cycles shorter than 28 days and 30-31 
day cycles had a 0.79 probability of being followed by cycles 
longer than 27 days. The higher variability in patients with 
shorter cycles is exemplified by the 0.3 versus the 0.44 
probability of a 26-27 day cycle and a 30-31 day cycle 
respectively, to be followed by a cycle of sim ilar length.

D iscu ssio n
We have dem onstrated that women under the same HRT 
regimen respond differently in terms of bleeding patterns: the 
first is the group of 'late bleeders' who bled at or later than day 
29 and whose cycles tend to be less variable as dem onstrated by 
the narrow SD and by the higher probability o f their having 
the same cycle length in subsequent cycles, w ith less cycle to 
cycle variability. This group also bled for a shorter duration 
and had a lower total bleeding score per cycle. The second 
group of ‘early b leeders’ had cycles shorter than 29 days. 
These women exhibited a wide range o f variability o f the day 
of onset of bleeding, a longer duration of bleeding and larger 
am ount of blood loss. The two responses point to differences 
in the m echanisms of cycle control. W hilst the first group is 
more rem iniscent of menstrual bleeding, there is no obvious 
analogy for early bleeders, who bleed early and for a longer 
duration.

In the normal menstrual cycle, a wide variability in length

Table IV. The estimated probability o f  the fo llowing cycle  to be 0. 1. or 2 
or more days shorter or longer, if the variability be tween the previous two 
cycles was 0, 1. or 2 or more days

Variability in cycle Number o f  Probabil ity  o f  variability in
length* (days) transitions subsequent cycle

0 1 ^2
0 62 0.42  0.38 0.2
1 59 0.41 0.28  0.31
=£2 51 0.24 0.31 0.45

* Between any 2 consecut ive cycles.

has been docum ented. This variability persists even after 
anovulatory cycles and early miscarriages are taken into 
account (Goldzieher et a l ,  1947). This can be attributed to 
the wide variability in the length of the pre-ovulatory phase 
that contrasts with the duration o f the luteal phase which has 
been shown to have a much sm aller variability (Lenton et a l ,  
1984). Also, the wide range o f biological variables that affect 
natural cycles are not operational in HRT induced bleeding. 
Because of these differences, we cannot extrapolate a range 
of acceptable variability from natural cycles that can be applied 
to HRT induced bleeding. Indeed it could be argued that HRT 
induced cycles should be under tighter control, and should be 
subject to a narrower range of variability both between 
individuals and within cycles o f the same individual, and in 
this context be more akin to the control o f the luteal phase.

With the exception of a few studies on the duration of 
menstrual bleeding on oral contraceptives, there has been little 
research into the variations in the duration of menstrual flow 
in natural cycles (Harlow and Cam pbell, 1994). Geographical 
(Hallberg et al., 1966; Ji et  al., 1981) and age-related (Collett 
et al., 1954) variability have been docum ented. The duration 
of bleeding is also influenced by body weight and by other 
factors that influence the length of the cycle (Harlow and 
M atanoski, 1991; Kirchengast, 1994). No sim ilar work has 
been directed to the duration o f HRT-induced bleeding. In this 
study we have dem onstrated that a shorter duration of bleeding 
characterizes longer cycles which may be a reflection of the 
hormonal balance. Contrary to the studies on natural cycles, 
we did not find significant differences in factors o f weight, 
height, BM I, age or parity between the early and the late 
bleeders.

The statistically significant difference in the smoking habits, 
between the group o f late bleeders and the early bleeders, and 
between the late bleeders and those who did not bleed on HRT 
(albeit a small group) is striking. Women who smoke have 
been shown to have an earlier m enopause (Lindquist and 
Bengtsson, 1979; Andersen et  al., 1982). The lower incidence 
o f breast cancer, and of endom etrial cancer (Doll et al., 1980; 
Weir et al., 1994), and the higher risk of osteoporosis in 
smokers (Jensen and Christiansen, 1988), have been attributed 
to anti-oestrogenic properties o f cigarette smoking and may 
be a reflection o f a lower level o f circulating oestrogen (Baron 
et a l ,  1990). The ‘oestradiol 2-hydroxylation pathw ay’, which 
irreversibly metabolizes oestradiol to inert catechol oestrogens, 
has been dem onstrated to be more active in smokers as 
compared to non-smokers and has been proposed as a possible

Table V. The probability for a woman with a cycle  length t. o f  having her subsequent cycle o f  the same or different length

Cycle  length t (days) Total number of No bleeding Cycle length t + 1 (days)
women (k)

^ 2 5 2 6-27 28 -2 9 30-31 &32

No bleedine II 0.187 0.062 0.312 0.25 0.125 0.062
• 25 33 0.07 0.23 0.42 0 . 13 0.12 0.03
26-27 44 0.02 0.27 0.3 0.16 0.14 0.11
28-29 52 0.02 0.16 0.16 0.19 0.23 0.25
30-31 65 0.04 0.03 0.14 0.25 0.44 0.1

32 19 0.06 0 . 15 0.03 0.02 0.43 0.3
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u n d e r l y i n g  f a c t o r  f o r  t h e  h y p o - o e s t r o g e n i c  s t a t e  ( M i c h n o v i c z  

e t  a l ..  1 9 8 6 ) .  A l t e r e d  o e s t r o g e n  m e t a b o l i s m  h a s  b e e n  d e m o n 

s t r a t e d  i n  p o s t - m e n o p a u s a l  s m o k e r s  r e c e i v i n g  H R T  ( J e n s e n  

e t  a l . ,  19 8 5 ) .  T h e  c o r r e l a t i o n  b e t w e e n  c y c l e  c h a r a c t e r i s t i c s  

a n d  t h e  s m o k i n g  h a b i t s  m a y  r e l i e d  t h e  s i g n i f i c a n c e  o l  t h e  

o e s t r o g e n i c  p r i m i n g  o f  t h e  e n d o m e t r i u m  in  r e l a t i o n  t o  t h e  d a y  

o f  o n s e t  o f  b l e e d i n g  in  H R T  r e g i m e n s .  A l t e r n a t i v e l y ,  r e l a t i v e  

h y p e r a n d r o g e n i s m  h a s  b e e n  p r o p o s e d  a s  t h e  u n d e r l y i n g  m e c h 

a n i s m  f o r  t h e  a n t i - o e s t r o g e n i c  p r o p e r t i e s  o f  s m o k i n g  ( K h a w  

e t  a l . ,  1 9 8 8 ) .  T h e  i n f l u e n c e ,  i f  a n y .  o f  t h i s  o n  t h e  b l e e d i n g  

p a t t e r n  is  u n k n o w n .

T h e  l o w e r  t h a n  e x p e c t e d  d r o p - o u t  r a t e  a t t r i b u t a b l e  t o  b l e e d 

i n g  in  t h i s  s t u d y  w a s  f o r t u n a t e  a s  it r e d u c e d  t h e  e f f e c t  o f  

s e l e c t i o n  b i a s .  T h i s  a l l o w e d  u s  a  u n i q u e  o p p o r t u n i t y  t o  i n v e s t i 

g a t e  t h e  e n d o m e t r i a l  r e s p o n s e  i n  a  m o d e l  t h a t  c o m b i n e d  

m e n s t r u a l - l i k e  c o n t r o l  w i t h  e a r l y  b l e e d i n g .  T h i s  r e s p o n s e  is  

p a t i e n t - s p e c i f i c  a n d  m a y  b e  a  r e f l e c t i o n  o f  a  c r i t i c a l  h o r 

m o n a l  b a l a n c e .

A  k e y  o b s e r v a t i o n  i s  t h a t  p a t i e n t s  u s i n g  t h e  s a m e  H R T  

r e g i m e n  h a d  a  d i f f e r e n t  r e s p o n s e  t o  t r e a t m e n t .  T h i s  s t u d y  o f  

t h e  b l e e d i n g  p a t t e r n  s u g g e s t e d  a  d i f f e r e n t  e n d  o r g a n  r e s p o n s e ,  

a n d / o r  p o s s i b l y  d i f f e r e n t  e f f e c t i v e  h o r m o n e  l e v e l s .
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Endometrial responses to hormone replacement therapy: 
histological features compared with those of late luteal 
phase endometrium
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W e e v a lu a te d  th e  h is to lo g ica l fe a tu re s  o f  th e  e n d o m e tr iu m  
in re la tio n  to  th e  b leed in g  p a t t e r n  in  a  g ro u p  o f  w o m en  
re c e iv in g  o ra l  cyc lica l co m b in e d  h o rm o n e  re p la c e m e n t 
th e r a p y  (H R T ), a n d  c o m p a re d  th e  h is to lo g ic a l fe a tu re s  
w ith  th o se  o f  lu te in iz in g  h o rm o n e  (L H )-d a te d  e n d o m e tr ia l  
b io p s ie s  o b ta in e d  f ro m  h e a lth y  w o m en  a t  th e  tim e  o f  
s te r i l iz a t io n . A to ta l  o f  103 w o m en  c o m p le te d  6  m o n th s  o f  
H R T  th e ra p y . A ll re ce iv ed  a  re g im e n  o f  2 m g  o e s t ra d io l  
v a le r a te  d a ily , w ith  1 m g  n o re th is te ro n e  a d d e d  fo r  th e  la s t 
12 d a y s  o f  e v e ry  2 8 -d ay  cycle . E n d o m e tr ia l  b io p s ie s  w e re  
s c h e d u le d  fo r  th e  en d  o f  th e  s tu d y  (d a y s  2 7 -2 9  o f  th e  la s t 
cycle  o f  th e ra p y ) .  U sing  th e  c la s s ica l h is to lo g ic a l c r i te r ia ,  
s e c re to ry  e n d o m e tr ia l  c h a n g e s  w e re  d e m o n s tr a te d  in  th e  
m a jo r i ty  (n =  89) o f  cases . T h e  re m a in in g  w e re  in su ff ic ie n t 
o r  in a c tiv e  (n =  12), p ro l ife ra tiv e  (n =  1) o r  a tr o p h ic  (n 
=  1). F o r ty -n in e  w o m en  h a d  a  m e a n  cycle  le n g th  o f  less 
th a n  29 d a y s  (e a r ly  b le e d e rs ) , 50  w o m en  e x p e r ie n c e d  cycles 
o f  m o re  th a n  29  d a y s  (la te  b le e d e rs )  a n d  fo u r  d id  n o t 
e x p e rie n c e  a n y  b le e d in g . W h e n  th e  in d iv id u a l h is to lo g ic a l 
s t ru c tu r e s  w e re  e x a m in e d , u s in g  im a g e  a n a ly s is , th e r e  w ere  
n o  s ta tis tic a lly  s ig n ific a n t d if fe re n c e s  in  th e  h is to lo g ic a l 
f e a tu re s  w h e n  th e  lo n g  cycles in  e a r ly  b le e d e rs  w ere  
c o m p a re d  w ith  th o se  in  la te  b le e d e rs . L H -d a te d  e n d o m e t
r iu m  sh o w ed  a  h ig h  d e g re e  o f  h o m o g e n e ity  t h a t  w as 
c o n s is te n t w ith  cycle  d a y  as  d e sc r ib e d  b y  th e  c la ss ic  c r i te r ia ,  
b u t  H R T -tre a te d  e n d o m e tr iu m  e x h ib ite d  a  w id e  r a n g e  o f  
v a r ia b il ity . H R T -tre a te d  e n d o m e tr iu m  fro m  th e  s u b s e t o f  
w o m en  w h o  b le d  o n  o r  a f te r  d a y  29, a n d  w h o se  b io p s ie s  w e re  
o b ta in e d  b e fo re  th e  o n se t o f  b le e d in g , d if fe re d  s ig n if ic a n tly  
f ro m  th e  e n d o m e tr iu m  ta k e n  a t  th e  c o r r e s p o n d in g  p h a se  
o f  th e  p h y sio lo g ica l cycle . W e c o n c lu d e  th a t  th e  u se  o f  
c la s s ic a l h is to lo g ica l c r i te r ia ,  w h ich  a r e  u se d  in  r e la t io n  
to  th e  p h y sio lo g ica l cycle , in  th e  s tu d y  o f  H R T -tre a te d  
e n d o m e tr ia  is in a p p ro p r ia te .
Key words:  endom etrium /histology/horm one replacem ent
therapy/im age analysis/menopause

In t ro d u c tio n
During the menstrual cycle, the endom etrium  undergoes a 
series of well-defined histological changes program m ed by the

steroid horm ones of the ovarian cycle. These histological 
changes are presumed to reflect sequential functional states of 
the endom etrium , i.e. proliferation, a state ‘receptive’ to 
implantation during the mid luteal phase, and the changes 
program m ing the endom etrium  to a menstrual ‘bleed’ after 
regression of the corpus luteum and hormone withdrawal 
during the late luteal phase.

It is still not clear what histological features specifically 
reflect these states and this has im peded the assessm ent of the 
effects of exogenous steroid regim ens on endom etrial function. 
The focus of research in in-vitro fertilization (IVF) programmes 
has been to produce an optim ally receptive endom etrium by 
em ploying changes in the luteal phase which have been 
suggested to be associated with the receptive state, e.g. 
glandular and blood vessel m aturation (Seif et al., 1992). 
Although no m orphological features have been unequivocally 
associated with implantation (Rizk et al., 1992: Rogers et al., 
1996), there is evidence that functional protein expression may 
be more predictive o f outcom e (Rizk et al., 1992; Lessey 
et a l ,  1995).

In contrast, the focus in horm one replacem ent therapy (HRT) 
research programmes has been directed towards preventing 
the histological appearance o f features o f hyperplasia, which 
has been traditionally perceived as the precursor of cancer. 
Endom etrial hyperplasia has been linked with the use of 
unopposed oestrogen therapy (W hitehead et al., 1979) and, 
although originally a focus o f controversy, it has become 
widely accepted that unopposed oestrogen replacement therapy 
is associated with a 3-25-fold increase in the risk of endometrial 
cancer (Ziel and Finkle, 1975; Smith et al., 1975; Barrett- 
Connor, 1992). To guard against these developments, the 
current practice is to add a m inim um  of 10 days (W hitehead 
et al., 1981), but preferably 12-14 days, o f progestogen to 
every 28-day treatment cycle (W oodruff and Pickar, 1994). 
This, however, introduces a monthly ‘hormone w ithdraw al’ 
bleed which, especially if it becomes heavy, irregular or 
unpredictable, ranks among the most im portant causes for the 
discontinuation of therapy (Hahn et al., 1984; Nachtigall, 
1990) and adversely affects the uptake of HRT (Al-Azzawi 
and Habiba, 1994).

Little information is available concerning the response of 
the endom etrium to exogenous sex steroid therapy, particularly 
in the post-menopausal state. However, in order to produce 
more effective exogenous steroidal treatm ent modalities, 
attem pts have been made to correlate features of endometrial 
histology with the bleeding associated with HRT. In the normal 
menstrual cycle, histological changes occur in the endometrium 
during the late luteal phase, which may be associated with the 
onset o f m enstruation. Paradoxically, endom etrial histological
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findings spanning the whole spectrum of atrophic, inactive, 
proliferative, early and late secretory, and hyperplastic endo
metrium have been reported in biopsies from the late progesto- 
genic phase whilst on HRT from women exhibiting apparently 
'norm al' bleeding patterns (Padwick et al., 1986; Sturdee 
et al.. 1994). It may be that histological changes in the late 
luteal phase of normal menstrual cycle are not causally linked 
with bleeding, or that the mechanism(s) o f bleeding associated 
with exogenous steroids, in the dose ranges em ployed in HRT. 
is different from that during the menstrual cycle.

In a previous study, we analysed the bleeding pattern in 103 
women who received a 6 -month treatm ent with a cyclical 
sequential combined HRT. We classified these wom en as 
'early ' or 'late ' bleeders. The former were characterized by 
experiencing an increased frequency of 'short' cycles, i.e. 
cycle lengths of less than 29 days, an increased cycle length 
variability, a longer duration of bleeding, and a larger am ount 
o f blood loss com pared with those of the latter group (Habiba 
et al.. 1996). Here, we report on the endom etrial biopsies 
taken from these women during the late-progestogenic, i.e. 
'pseudoluteal' phase, and we com pare these with biopsies 
obtained during the luteal phase of the normal LH -dated cycle. 
O ur aim was to determine whether features could be identified 
that may be more predictive of subsequent endom etrial behavi
our. If these were to be identified, they would be useful for 
m onitoring w om en’s responses to HRT, and might also have 
im plications for the utility o f the criteria traditionally used in 
endom etrial assessment when applied to HRT-treated endo
metrium.

Materials and methods
Women on HRT were prescribed a regimen o f  2 mg o f  oestradiol 
valerate daily with the addition of 1 mg of norethisterone from day 
17 through to day 28 of each cycle (medication supplied by Solvay 
Pharma Hannover GmbH). Participants adhered to a rigid schedule 
with a pre-study assessment 2-3  weeks prior to comm encement of  
the 168 days of active medication and with visits to clinic every 56 
days. The inclusion and exclusion criteria and patient characteristics 
have been reported previously (Habiba et al., 1996). An endometrial 
pipelle biopsy (Laboratoire CCD. Paris. France) was obtained prior 
to enrolment into the study. Patients were excluded if this biopsy 
could not be obtained because of administrative or technical reasons, 
or if the baseline biopsy showed evidence o f  endometrial hyperplasia 
or malignancy.

Patients filled in diary cards during the study period to document 
their intake of study medication and to record the days o f  bleeding 
and its severity. Day 1 of the cycle was taken as the beginning of 
the oestrogenic phase. Compliance was verified by checking the 
patients ' diary cards and by collecting the returned empty medication 
packs. The documentation on the diaries was verified against the 
returned blister packs.

A total of  164 post-menopausal women was screened between 
December 1992 and September 1994. Subsequent to screening, 33 of 
them were found not to be eligible to continue and were withdrawn. 
O f 131 patients enrolled, 103 patients completed 6 months of 
treatment. The inclusion and exclusion criteria and the reasons for 
drop-out have been discussed previously (Habiba et al., 1996). 
Another endometrial biopsy was planned for the final clinic visit that 
was scheduled for days 27 to 29 of the sixth cycle. The demographic

characteristics of  the study population and the bleeding pattern are 
detailed elsewhere (Habiba et al., 1996). Patients were classified 
according to their cycle length characteristics into three groups: (i) 
early bleeders (n =  49) who had a mean cycle length of less than 29 
days (range 23.8-28.8,  mean =  27.0, SD =  2.3); (ii) late bleeders 
(n =  50) who had a mean cycle length of 29 or more days (range 
29.0-33.2,  mean =  30.4, SD =  1.3); and (iii) non-bleeders (n =  4) 
who experienced no bleeding whilst on therapy.

The LH-dated natural cycle biopsies (n =  30) were obtained by 
dilatation and curettage from healthy women with regular cycles at 
the time of scheduled tubal sterilization. They were all given a 
urine ovulation detection kit (Clearplan, Unipath, Bedford, UK) and 
instructed to its use. Sterilization and dilatation and curettage were 
performed in the early (day 2 - 6  after the LH peak), the mid (day 7 -  
11 after the LH peak), or the late (day 12-14 after the LH peak) 
luteal phases, with the day of LH peak taken as day 0.

None o f  the women was using hormonal contraception or an 
intrauterine device, or had any pregnancies in the previous 6 months. 
Their mean age was 34.7 years (range 2 6 -3 9  years), and mean parity 
was 3.2 (range 2-6).  All wom en gave written consent to the procedure 
that was approved by the local ethics committee.

All endometrial samples were fixed in formalin and routinely 
processed and stained with haematoxylin  and eosin. Endometrial 
sections were assessed according to the histological classification 
following standard criteria (Noyes et al., 1950; Demopoulos, 1982; 
Buckley and Fox. 1989) and by using image analysis.

Quantitative and semi-quantitative feature analysis 
Biopsies were examined quantitatively or semi-quantitatively using 
image analysis in order to assess each histological feature seen in 
tissue sections. Five groups were compared: (i) late bleeders: the first 
10 biopsies from the late b leeders’ group from whom the biopsies 
were obtained between days 2 7 -2 9  and before the onset of  bleeding 
in the sixth treatment cycle; (ii) early bleeders: the 10 biopsies from 
the patients in the early b leeders’ group from whom the biopsies 
were obtained between days 2 7 -2 9  and from whom the biopsies were 
obtained before the onset o f  bleeding in the sixth treatment cycle; 
(iii) early luteal phase biopsies (n =  10); (iv) mid luteal phase biopsies 
(n = 10);  and (v) late luteal phase biopsies (n =10).

The image analysis system comprised an Axioplan (Carl-Zeiss) 
microscope connected to a video camera (Sony DXC-151P) and an 
Apple Macintosh computer with NIH im ag e™  (version 1.51) soft
ware. Assessment was performed as follows:
(i) Epithelial height was measured, and the percentage of the luminal 
and o f  the glandular epithelium lined by each type of epithelium 
(cuboidal, low columnar, columnar, and pseudostratified columnar) 
and the percentage showing apical or basal vacuoles were estimated 
in 17 random high-power fields (X400).  The mean for each section 
was calculated.
(ii) The glandular diameter of  17 randomly selected glands was 
measured employing high-power microscopy (X 200) and the measure
ments converted to metric scale using a measurement grid.
(iii) The proportion of tubular and convoluted glands was calculated 
in a random selection of 20 glands per section.
(iv) The glandular density was counted in 17 random high-power 
fields (X400) per section.
(v) The proportion of glands (out of  20 glands) containing luminal 
secretions was counted, and the amount of  secretion was graded using 
a semi-quantitative scale as: minimal =  1; moderate =  2; and 
abundant =  3. The amount o f  secretion was multiplied by the 
proportion of glands that were positive to obtain a ‘secretion score’.
(vi) The percentage o f  glands containing glandular invaginations 
(telescoping) was counted in the whole section.
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Table I. H isto logical featu res ol the e n d o m e tr iu m  before  and a l te r  0  m onth s ot ho rm o n e  rep la cem er

F ndom c tr ia l  his to logy Pre Pinal l u n m g  of  final biopsx III.,l \s)
enrol ment biopsy - - ---------

- 27 27 29 to 12 ()

Insufficient 20 X 1 /)•' 1 1)
Atrophic- 5 4 1 0 0 0 F
Inactive 23 4 0 4 ' 0 0

tn o n -x e c rc to ry )
Secre to ry 0 X 9 9 75 2 V

Proli fe ra tive 0 1 l r 0 0 1)
A d e n o c a rc in o m a 0 0 0 0 0 0
S im ple  (cystic) 0 0 0 0 0 0

hyperp las ia
Total 103 103 1 1 X 5 > 4

JT w o  ot these  a lso  exh ib i ted  endoeerv ica l  e p i the l ium  
hW o m a n  s topped  t rea tment  pr io r to biopsy 
'■Non-bleeders.
dW ith in  2 d ays  o f  day 2X but canno t  be exac tly  identif ied. 
T a k e n  on  day  13 o f  the cycle

(vii) The g landular  apical margins were described as either smooth 
or irregular and the percentage exhibiting each feature was estimated  
in 20 glands using h igh -pow er ( X 400) microscopy.
(viii)  The stromal cellular  density  was calculated by counting  the 
num ber o f  nuclei in 17 random  h igh-pow er fields ( x  1000) per section 
under oil immersion.
(ix) The presence or absence o f  deciduali /a t ion .  and w he ther  this 
feature was present in the upper 1/3 o f  the stroma, was diffuse, or 
whether it was only present in a perivascular  location was described.
(x) The n um ber  o f  leukocytes  per section was assessed semi- 
quantitativelv on a grading of: minimal/few = 1; average = 2; and 
heavy infiltrate = 3.

Statistical analysis

As the s tandard deviation o f  the test param eters  was unknow n, the 
num ber  o f  fields randomly selected from each section i n  = 17) was 
calculated in order to satisfy a one-sam ple  Most,  with a power 
1-/? = 0 .9 0 . and a two-sided (x — 0.01 to detect the population mean 
with a standardized difference </, = 1 (M achin  and Campbell .  19X7). 
The num ber o f  sections to be exam ined  was calculated in order  to 
satisfy a two-sided /-test with a pow er I - b  --- 0 .9 0  and a two-sided 
a  =  0 .0 5  to detect a 2 0 r;t d ifference between the means. A pilot 
calculation gave the estimated  </, ~  I . The results  were analysed 
using the two-sided unpaired  /-test, and the M an n -W h i tn ey  test

Results

Standard histological assessment
The histological classification of the pre-enrolm ent biopsies is 
show n in Table 1. The end biopsy m aterial was insufficient 
for assessm ent in only eight cases (tw o o f these included 
endoeervical ep ithelium ), and no cases exhibited  hyperplastic 
or neoplastic changes. The only proliferative sam ple w as the 
biopsy obtained on day 13 o f  the cycle. In 8 9  ( 8 6 . 4 T )  of 
patients w ho com pleted  the study, a secretory histology was 
recorded. T hose patients who had biopsies taken on days 2 7 -  

2 9  included the only four patients who did not experience 
b leeding during the study, and it was only from  these patients 
that endom etrial biopsies classified as inactive were obtained 
at the end o f  the study (Table I). Thus 1 (X)7< o f the patients 
from  w hom  biopsies w ere taken on days 2 7 - 2 9  (// =  8 5 ) ,  and
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w ho exhib ited  b leeding during the study period ln = 81). and 
in w hom  sufficient endom etrial tissue w as obtained </i = 75) 
had secretory  endom etrium  on histology.

The relation betw een the tim ing of the biopsy and the onset 
o f b leed ing  in the index cycle in the early (// -  49). the late 
(// = 50). and the non-bleeder </» -  4) groups is shown in 
Table II. O ut o f  the 85 b iopsies w hich were taken on days 
27 -2 9 . 75 exhibited  secretory endom etrium  and. o f these. 33 
w ere early bleeders and 42 w ere late bleeders. The pre-study 
b iopsies of these 75 w om en exhibited  atrophic endometrium 
in 41 cases, inactive endom etrium  in 15 cases and proliferative 
endom etrium  in three cases and was insufficient in 16 cases. 
T hus, in all these patients, the secretory endom etrial histology 
was induced in response to HRT. The pre-study endometrium 
in the four patients w ho did not experience w ithdraw al bleeding 
exhib ited  atrophic endom etrium  in one case and inactive 
endom etrium  in three cases.

Qualitative histological assessment
Although the majority of biopsy specimens were classified as 
secretory endometrium' using the standard histological cri

teria, the endometrial sections from HRT-treated women, which 
were classified as such, were characterized by w ide variability 
as regards the presence ot ‘secretory ’ features throughout the 
sections. I his was in contrast it) the more uniform features 
exhibited by sections of secretory endometrial specimens 
obtained from the early, mid, and late luteal phase of the 
physiological cycle (Figure 1).

The glands featured variable developm ent: som e were well 
developed, i.e. tubular or convoluted , but others were of a 
narrow and variable calibre. The epithelial lining exhibited a 
variety ot secretory changes, w hich ranged from  glands with 
abundant supra-nuclear vacuolation  to exhausted  secretory 
changes, although these characteristics w ere poorlv developed 
in the majority ot cases. M ost g lands w ere lined with inactive 
or cuboco lum nar epithelium . Few glands exhib ited  subnuclear 
vacuolation. A poptotic bodies w ere som etim es seen. Glandular 
telescoping was noted in a large proportion  <407 ) o f sections.
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Table II. The histological classification o f  the endometr ium from 
relation to the bleeding pattern

w om en on hormone replacement therapy in

Bleeding pattern classification Number Timing of biopsy 
in relation to day 
o f  bleeding in 
biopsy cycle

Num ber Histological
assessment

Num ber

AH biopsies (n =  103)
Early bleeders 4 9 a After onset 32 Insufficient 6

Secretory 26
Before  onset 15 Insufficient 1

Secretory 14
Late bleeders 50 After onset 4 Insufficient 0

Secretory 4
Before onset 43 Insufficient 1

Secretory 42
Not known 3 Secretory 3

Non-bleeders 4 Not applicable 4 Inactive 4
Days 27-29 biopsies (rt =  85)
Early bleeders 39 After onset 28 Insufficient 5

Secretory 23
Before  onset 11 Insufficient 1

Secretory 10
Late bleeders 42 After onset 3 Insufficient 0

Secretory 3
Before  onset 39 Insufficient 0

Secretory 39
Non-bleeders 4 Not applicable 4 Inactive 4

in c lu d e s  one biopsy pe rformed on  day 13 o f  cycle  (proliferative endometria l his tology) and one patient who 
terminated treatment prior to biopsy (atrophic endometr ia l his tology).

In some cases glands appeared to be surrounded by an intense 
leukocytic infiltrate (Figure 2).

The stroma featured small round or spindle cells and, 
although sometimes the stroma exhibited w ell-developed decid- 
ualization, this was often variable and som etim es absent. 
Stromal oedema or breakdown was apparent in some of the 
specimens. Vasculature was of narrow calibre som etim es with 
thin m uscular walls, but on occasions this was well developed. 
Dilated capillaries were often noted. A rea-to-area dysynchrony 
as well as gland-to-stroma dysynchrony was seen to some 
extent in all sections examined. The presence o f leukocytes in 
some sections was extensive but in others was difficult to 
distinguish.

Quantitative and semi-quantitative histological assessment
The results o f the quantitative and sem i-quantitative analysis 
are shown in Tables III and  IV. Com paring the late pseudoluteal 
phase endom etrium of HRT-treated cycles between the early 
and the late bleeders showed no significant differences 
(Table III).

Since late bleeders from whom biopsies were obtained 
before the onset of bleeding in the biopsy cycle and whose 
biopsies exhibited ‘secretory endom etrium ' represent the 
equivalent of the late luteal phase endom etrium  o f the natural 
cycle, comparison was made between these tw o groups. The 
features seen in the endom etrial epithelium , the glands and 
the stroma exhibited some significant differences. The luminal 
epithelium contained more cuboidal and pseudostratified cells 
and less low columnar and colum nar cells. G landular epithelial 
cells were also predominantly shorter, but contained more 
apical vacuoles. The glands were less num erous but o f sim ilar 
diameter, and the total glandular area was sm aller in HRT-

treated endom etrium. The glands were also more tubular, less 
convoluted, and contained less luminal secretion, and the 
apical margins of the glandular cells were smoother than those 
found in the natural cycle. The stroma was less cellular than 
in the natural cycle, but there was no statistically significant 
difference in the degree of stromal oedema, haemorrhage or 
decidualization. Leukocyte infiltrate was significantly higher 
in HRT-treated endom etrium .

Com parison between the late bleeders in the pseudoluteal 
phase o f HRT and the early, mid and late luteal phases of the 
normal cycle, dem onstrated that the HRT-treated endometrium 
shared some features with the early luteal phase (e.g. the 
characteristics o f the apical margins o f the glandular epithelial 
cells, the incidence o f pseudostratification in the luminal 
epithelium  and of low colum nar cells in the glandular epithe
lium, and the gland number). Some features were shared with 
the mid luteal phase (e.g. the incidence o f apical vacuoles in 
the glandular and luminal epithelium ) and some features were 
sim ilar to the late luteal phase (e.g. gland diameters). On the 
other hand, the high incidence of cuboidal cells, and the low 
incidence of low colum nar and colum nar cells were unique to 
HRT-treated endom etrium. The stroma under the influence of 
HRT contained some o f the features o f the mid luteal phase, 
but mostly exhibited features of the late luteal phases of the 
natural cycles.

Discussion
All adequate biopsies obtained between days 27-29, from 
wom en experiencing regular cycles, were secretory as assessed 
by the standard histological criteria and, in all cases where 
diagnosable biopsies w ere obtained, the endom etrium exhibited
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0.2 mm

Figure 1. Haematoxylin and eosin stained sections of (a) early, (b) mid, (c) late secretory endometrium, and (d) late pseudoluteal phase of 
hormone replacement therapy (HRT)-treated endometrium, demonstrating the uniformity and ‘in-phase' development of physiological cycle 
endometrium compared with the variable development on HRT sections (see text). Original magnification X 100.

a histological response to HRT, except in those four patients 
who did not bleed. These four patients’ endom etrial biopsies 
were inactive. Interestingly, these patients were heavy sm okers 
and a lack o f a histological response m ight be related to the 
hypo-oestrogenic state in heavy sm okers (H abiba et  al. ,  1996). 
O ur data, thus, do  not support the previously published studies

that indicated that a significant proportion o f  biopsies taken in 
the pseudoluteal phase o f  the HRT cycle from  patients having 
regular cycles exhibit proliferative or atrophic histology, e.g. 
13% in the study by S turdee et  al. (1994) and 16% in the 
study by Padwick et al. (1986). In addition, in these studies, 
27%  and 13% o f patients, respectively, could not be assessed
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Figure 2. Haematoxylin  and eosin stained sections o f  hormone 
replacement therapy (HRT)-treated endometrium  from the late 
pseudoluteal phase, (a) Low  (X100) original magnification showing 
poorly defined secretory features in the glands but well-developed 
stromal decidualization, (b) high-power (X 2 0 0 )  original 
magnification showing dense leukocyte infiltrate around one gland 
and a telescopic gland lined by flattened epithelium, and (c) high- 
power (X 200) original magnification o f  a complex telescopic gland 
structure.

because o f scant or absent biopsy material, w hich was consid
ered to indicate the presence of atrophic or inactive endom et
rium. The apparent lack of an endom etrial response to HRT 
in w om en with regular cycles, cited in the previously published 
work, would be difficult to explain if  the biopsies were 
adequate and optim ally tim ed. The presence o f endoeervical 
epithelium  in two of our patients whose biopsies w ere insuffi
cient for adequate histological assessm ent suggests that the

lack o f response was because the biopsies were obtained from 
the less responsive isthmus.

Endom etrial biopsies obtained on days 11-13 o f the 
pseudoluteal phase (cycle days 27 -29 ) were classified accord
ing to standard histological assessm ent as secretory, irrespective 
of w hether the biopsies w ere obtained from  ‘early’ or ‘la te’ 
bleeders. This supports a lack o f correlation between classically 
defined histological features and the tim e of bleeding in
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Table I I I .  C o m p a r is o n  be tw een  the 
analysis

histoloL’ical lea tu ies  ot the earl> and the late bleeders using im age
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H R T  c y c le s .  H o w e v e r ,  o u r  s tudy d id  re v e a l  th a t  h i s to lo g ic a l  

a s s e s s m e n t  a c c o r d i n g  to  the  c la s s ic a l  d e f in i t io n  m a y  he  i n a p p r o 
p r ia te  fo r  a s s e s s in g  the  e n d o m e t r i u m  o n  HRT.

In o u r  p r e v io u s  p u b l i c a t i o n  ( H a b i b a  i t  nL. I W b ) .  vvc 
c la s s i f i e d  p a t i e n t s  a s  ‘e a r l y ’ b l e e d e r s  a n d  ‘l a t e ’ b l e e d e r s  T h e  

la t te r  b led ,  o n  a v e r a g e ,  a l te r ,  a n d  p r e s u m a b l y  in r e s p o n s e  to.  
the  e n d  of th e  p r o g e s t o g e n i c  p h a se .  T h i s  a s s u m p t i o n  w a s  
s u p p o r t e d  by  th e  l e s s e r  c y c l e  v a r ia b i l i ty  e x h ib i t e d  bv th e s e  
p a t i e n ts .  W h e n  w e  c o m p a r e d  the  e n d o m e t r i u m  f r o m  the  w h o l e  
g r o u p  o f  ‘e a r l y ’ a n d  ‘l a t e ’ b l e e d e r s  ( r e s u l t s  no t  s h o w n ) ,  a few 
fe a tu r e s  w e r e  f o u n d  to  e x h ib i t  d i f f e r e n c e s  in f r e q u e n c y  T h e s e  
d i f f e r e n c e s ,  h o w e v e r ,  w e r e  t h o s e  a s s o c i a t e d  w ith th e  o c c u r r e n c e  
o f  b l e e d i n g  (e .g .  s t r o m a l  h a e m o r r h a g e ) .  T h e s e  d i f f e r e n c e s  w e r e  
n o t  f o u n d  w h e n  all w o m e n  w h o  h a d  b le d  by  the  t im e  o f  the  
b i o p s y  w e r e  e x c l u d e d .  T h i s  s u g g e s t s  th a t  th e  d i f f e r e n c e  b e tw e e n  
the  ‘e a r ly  b l e e d e r s '  a n d  th e  ‘la te  b l e e d e r s '  is in the  s ta t i s t i c a l  
p r o b a b i l i ty  o f  sh o r t  o r  lo n g  c y c l e s  in e a c h  g r o u p ,  r a th e r  th a n  
a d i f f e r e n c e  b e t w e e n  ‘e a r l y ’ a n d  ‘l a t e ’ b l e e d e r s  p er  sc o r  in
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v a r ia t i o n  o f  e n d - o r g a n  r e s p o n s e .  T in s  d i f f e r e n c e  in.iv thus he 
d u e  to  e x t r a u l e r i n e  f a c to r s  m  th e s e  p a t i e n ts ,  e g s i c io u i  uptake 
a n d  m e t a b o l i s m ,  w h i c h  m ax  a ls o  e x h ib i t  temjvoi. il  variation 
S i n c e  c y c l e  v a r ia b i l i ty  is r e f l e c te d  c l in ic a l ly  m u n p ied ic ta h le  

b l e e d i n g ,  w h i c h  is a s s o c i a t e d  w i th  d i s c o n t i n u a n c e  of HR I 
a n d  in low c o m p l i a n c e ,  i d e n t i f y in g  t h e s e  l a c t o i s  will have 

s ig n i f ic a n t  c l i n i c a l  im p l i c a t io n s

In c o n t r a s t  to  the  p i n  s io lo g ic a l  c y c l e  e n d o m e t r i u m .  HRI- 
t r e a te d  e n d o m e t r i a  f ro m  the  p s e u d o l u t e a l  p h a s e  e xh ib i ted  a 

h ig h  d e g r e e  o f  h e te r o g e n e i ty ,  w h i c h  may r e p re s e n t  a poor 
c o n t r o l  o f  e n d o m e t r i a l  p r o l i f e r a t i o n  a n d  d i f f e r e n t i a t i o n  with 
th e  in ta k e  o f  e x o g e n o u s  s t e r o id  h o r m o n e s  T h e  to ta l  number 

o f  l e u k o c y t e s  is in c r e a s e d  in the  H R T - t r e a te d  e n d o m e tr iu m ,  
b u t  w h e t h e r  th is  r e p r e s e n t s  a n  in c r e a s e  in th e  characteris tic  

C D . V v e n r i c h e d  p o p u l a t i o n  o f  th e  late  lu tea l  p h a s e  e n d o m e t 
r i u m .  o r  r e p re s e n t s  a d i f f e r e n t  s u b p o p u l a t i o n .  a w a i t s  further 

in v e s t ig a t i o n .
T h e  h i s to lo g i c a l  f e a t u r e s  o f  H R f  t r e a te d  en d o m e tr iu m
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Table  IV. Comparison  
analysis

be tw een the histological features o f  the endometr ium from early and late bleeders  and from the physiological  cycle using image

Histological feature Study group

Late bleeders Early luteal Difference betw een M id  luteal Difference be tween Late  luteal Difference between
(n =  10) (n =  10) early-luteal (n = 10) mid-luteal and (n = 10) late-luteal and
median median and late bleeders median late bleeders median late bleeders
(range) (range) (P-value) (range) (P-value) (range) (P-value)

Luminal  epithelium
r/r Cuboidal 50 (20-90) 5 (0-40) 0.0001 20 (0 -30 ) 0.0003 10 (0 -40 ) 0.0007
(/r Low  columnar 45 (10-70) 80  (60-90) 0.0001 70 (3 0 - 9 0 0.01 80 (6 0 -100 ) 0 .0002
ck  C olumnar 0 5 (0-20) 0.02 10 (0 -70 ) 0.01 5 (0 -20 ) 0.05
7  Pseudostratified 2.5 (0 -20) 0 ( 0 - 1 0 ) 0.07 0 0.03 0 0.05
rA Apical vacuole 5 (0-30) 0 ( 0 - 5 0 ) 0.03 0 ( 0 - 5 ) 0.06 5 (0 -20 ) 0.6
7r Basal vacuole 0 ( 0 - 5 ) 10 (0-50) 0.0007 0 ( 0 - 1 0 ) 0.5 0 0.7

Glandular epithelium
'7c Cuboidal 40 (30-70) 0 ( 0 - 3 0 ) 0.0001 10 (0 -30 ) 0.0001 10 (0 -40 ) 0.0004
r/c Low columnar 55 (30-70) 45 (20-80) 0.4 30 (10-90) 0.3 70  (50 -90 ) 0.05
'7c Columnar 0 50 (0-80) 0.0001 60 (0 -90 ) 0.0002 10 (0 -50 ) 0.001
'/( Pseudostratified 0 (0-10) 0 0.07 0 0.08 0 0.1
7  Apical vacuole 40 (5-50) 0 ( 0 - 2 0 ) 0.0001 60  (0 -100 ) 0.1 7.5 (0 -30 ) 0.002
r/c Basal vacuole 0 (0-20) 80 (50-100) 0.0001 10 (0 -70 ) 0.06 0 0.2

Area per gland (m m 2) a0.007 (0.0018) “0.015 (0.0067) b0.003 “0.012 (0.005) b0.01 “0 .0079 (0 .003) b0.5
Gland number (/field) a3.5 (1.2) a4.4 (1.3) b0 . 12 “4.2 (0.8) b0.1 “4.9 (1.3) b0.01
Total gland area (m m 2) a0.026 (0.0098) “0.059 (0.0146) b0.0001 “0.054 (0.023) b0.004 “0.037 (0.014) b0.05
(/field) 
Gland shape

c/c Tubular 25 (0-100) 0 ( 0 - 1 0 ) 0.01 0 0.007 0 0.02
c/c Convoluted 75 (0-100) 100 (90-100) 0.01 100 0.007 100 0.02

Luminal secretion
9/ Positive 25 (0-25) 10 (0-5) 0.4 75 (25 -100 ) 0.002 80 (1 0 -100) 0.001
Secretion score 25 (0-25) 10 (0 -50) 0.4 75 (25 -150 ) 0.001 80 (10-160) 0.001

Glandular invagination
Percentage 0 ( 0 - 2 0 ) 0 ( 0 - 1 5 ) 0.1 0  (0 -10 ) 0.2 0 (0 -4) 0.2

Apical margin
c/c Smooth 50 (50-100) 77.5 (50-100) 0.2 25 (0 -75 ) 0.003 0 ( 0 - 1 0 0 ) 0.004
c7c Irregular 37.5 (0 -50) 22.5 (0-50) 0.002 75 (2 5 -100) 0.003 100 (0 -100 ) 0.004

Stromal cellular a23 (5.3) “29.8 (7) b0.02 “24.8 (5.9) b0.5 “37.3 (12.6) b0.003
density: cells/17 fields 
Stromal haemorrhage

c/c Area 15 (5 -20) 0 ( 0 - 2 0 ) 0.002 10 (0 -30 ) 0.007 10 (10 -30 ) 0.8
Stromal oedema

'7c Area 7.5 (0-40) 0 0.002 30 (0 -50 ) 0.1 0 ( 0 - 1 0 ) 0.09
Decidualization

c7c Subepithelial 20 (0-70) 0 0.005 0 0.007 0 (0 -30 ) 0.2
c7c Uniform 0 0 0.9 0 0.9 0 0.9
7c Patchy 20 (0-50) 0 0.001 0 0.001 30 (0 -30 ) 0.7

Leukocytic  infiltrate 3 (1-3) 1 (1-2) 0.005 1 (1 -3 ) 0.008 2 (1 -3 ) 0.05

“Mean (SD).
bTwo-sided unpaired /-test.

differed significantly from those noted in any stage o f the 
luteal phase of the menstrual cycle. The glandular com ponent 
exhibited a mixture of features, some of which were similar 
to those seen in the early, the mid or in the late luteal phase, 
as well as unique features that are not normally noted in the 
luteal phase, whilst the stroma exhibited mostly advanced 
features. This supports the qualitative impression o f glandular 
to stromal dysynchrony in HRT-treated endometrium. This 
suggests that there may be a disproportion between the doses 
and/or the effect of the oestrogen and the progestogen in this 
regimen (Good and Moyer, 1968). Com paring the histology 
of the group who experienced regular withdrawal bleeding 
whilst on HRT to the endom etrium of the late luteal phase of 
the physiological cycle, dem onstrated that the main similarities 
between the two groups was in the histological features of the 
stroma. This suggests that one or more of the stromal features

may be the important determ inant o f bleeding. It is interesting 
that the endometrial samples obtained after the onset of 
bleeding on HRT exhibited secretory features. This may be 
explained by patchy endom etrial maturation/shedding, which 
may, in turn, be related to the fact that hormone administration 
in this regimen was continued to com plete the 12 days of 
combined oestrogen and progestogen, irrespective of the onset 
of bleeding, and that the vast majority o f these biopsies were 
obtained within 1 -2  days after the onset o f bleeding.

The reduced glandular area reported in the present study is 
sim ilar to that reported in IVF cycles (Rogers et a l ,  1996). 
Reduced glandular area has been reported with clomiphene 
citrate treatment, but was not found in high oestrogen regimens, 
which supports a central role for oestrogen in glandular 
developm ent (Rogers etal . ,  1996). This supports our hypothesis 
that the regim en we em ployed is relatively hypo-oestrogenic.
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S o m e  o f  th e  o b s e r v e d  h i s to lo g ic a l  d i s c r e p a n c i e s  m a y  be 

r e la te d  to  th e  u se  o f  th e  s y n th e t i c  p r o g e s t o g e n  n o r e th i s t e ro n e .  
N o r e t h i s t e r o n e  is w i d e ly  u s e d  in H R T  p r e p a r a t i o n s  bu t  has  
m i ld  a n d r o g e n i c  e f f e c t s ,  w h i c h  m a y  be m e d i a t e d  t h r o u g h  
the  a n d r o g e n  r e c e p to r s  th a t  a rc  p r e s e n t  in the  e n d o m e t r i a l  
e p i t h e l i u m  as  w e l l  a s  in th e  s t r o m a  ( M e r t e n s  cl a l . . 1996) .  It 
is a l s o  p o s s ib l e  th a t  s o m e  o f  the  h i s to lo g i c a l  d i s c r e p a n c i e s  tha t  

w e  o b s e r v e d  in H R T  e n d o m e t r i u m  m a y  be d u e  to  th e  fac t  tha t ,  
w i th  th e  u se  o f  H R T .  th e  e n d o m e t r i u m  is e x p o s e d  to  12 d a y s  
o f  c o n t i n u o u s  p r o g e s t o g e n  r a th e r  th an  the  f lu c tu a t io n s  tha t  

o c c u r  in the  p h y s i o l o g i c a l  c y c le .
T h i s  s tu d y  h a s  d e m o n s t r a t e d  the  d i s s o c i a t i o n  b e tw e e n  the  

c la s s ic a l  h i s to lo g i c a l  f e a tu r e s  in the  e n d o m e t r i u m  a n d  the  
o c c u r r e n c e  o f  b l e e d in g .  T h i s  d i s s o c i a t i o n  b e tw e e n  m o r p h o l o g y  
a n d  f u n c t io n  h a s  f a r - r e a c h i n g  i m p l i c a t io n s ,  as  it r a i s e s  i m p o r t a n t  

q u e s t io n s  c o n c e r n i n g  th e  u t i l i ty  o f  t r a d i t io n a l  h i s to lo g ic a l  
c l a s s i f i c a t io n  in th e  a s s e s s m e n t  o f  the  d i f f e r e n t  s t a te s  o f  the  
e n d o m e t r i u m  u n d e r  H R T . T h is  c o n c l u s i o n  is s u p p o r t e d  by  
th e  p r e v io u s ly  d e s c r i b e d  d i s c r e p a n c y  b e tw e e n  e n d o m e t r i a l  

h i s to lo g i c a l  f e a tu r e s  a n d  i m m u n o h i s t o c h e m i c a l  m a r k e r s  (B e l l .  
1 990;  R i / k  cl al.. 199 2 )

O u r  s tu d y  a l s o  i n d ic a te s  tha t  fu tu re  r e s e a r c h  s h o u l d  be  

f o c u s e d  o n  p a r a m e t e r s  k n o w n  to  be  r e la te d  to  fu n c t io n ,  
a n d  s h o u l d  a im  to  d i s c o v e r  new  p a r a m e te r s .  O n l y  i f  s u c h  
r e l a t i o n s h ip s  a re  k n o w n  a n d  m e a s u r e d ,  c a n  w e  a d e q u a te lv  

m o n i t o r  c u r r e n t  p r e p a r a t i o n s ,  a n d  d e s i g n  new H R T  p r e p a r a t i o n s  
fo r  u se  in c l i n i c a l  p ra c t ic e .
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