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Abstract:

Background: Uterine leiomyomas, commonly referred to, as "fibroids" are
benign tumors arising from the myometrial compartment of the uterus. They
are typically well differentiated, have a relatively low mitotic index, and
retain their smooth muscle phenotype. Uterine leiomyomas are the most
common gynecologic neoplasm, occurring with a remarkable frequency in
more than 70% of women at their reproductive age.

Several endogenous or environmental factors that modulate the risk
for developing uterine leiomyoma affirm the hormone responsive nature of
this disease. Obesity and age at menarche have been linked to an increased
risk of uterine leiomyoma, while cigarette smoking, use of oral
contraceptives containing progesterone, and parity have been identified as
protective factors.

The female reproductive tract is known to be an extrapituitary source
of the hormone prolactin. The endometrium, myometrium, and uterine
leiomyomas (fibroids) all have been shown to secrete prolactin when
cultured in vitro.

Prolactin (PRL) is a polypeptide (23 kDa) hormone of growth
hormone/cytokine family. It is secreted mainly by the lactotrophs in the
anterior pituitary gland and by several other tissues also at low
concentrations. In the serum, PRL occurs in various molecular forms,
including the physiologically active monomeric form, also called the little
PRL (L-PRL; molecular weight, 23 kDa), the big PRL (B-PRL; molecular
weight, 50-60 kDa), and the big big PRL (BB-PRL; molecular weight, 150-
170 kDa), that is also called macroprolactin. L-PRL is usually the dominant
form in the serum of healthy and hyperprolactinemic individuals. The exact
structures of B-PRL and BB-PRL are not fully understood: B-PRL is
thought to consist of oligomers of PRL, whereas BB-PRL has been
suggested to consist of an immunoglobulin G (IgG) complex with one or
two PRL molecules Hyperprolactinemia is mostly caused by a pituitary
adenoma, but it may be also caused by macroprolactin. Because the big
forms of PRL have a decreased bioactivity, they do not cause clinical
symptoms of hyperprolactinemia.

It is known that the classical effects of PRL are on the development of
the mammary gland and lactation. In addition to that, reproduction as well as
other effects of PRL is initiated by the interaction of the hormone with
specific, high-affinity receptors located on the plasma membrane and widely
distributed in a number of tissues. Different biochemical approaches (cross-
linking, immunoprecipitation, or immunoblot analysis with monoclonal
antibodies) have shown that the prolactin receptor has a relative molecular



weight of ~40,000 and is apparently not linked by disulfide bonds to itself or
to other subunits. Prolactin receptor (PRLR) level is differentially regulated
in different tissues. It increases during pregnancy, and is markedly
stimulated by estrogens. Prolactin plays a major role in the regulation of its
own receptor, including both up- and down regulation, depending on the
concentration and duration of exposure to PRL.

Objectives: To study the PRL profile with its molecular weights in serum,
leiomyomas, and patients myometrium compared with the PRL profile of a
normal myometrium. Also to evaluate the relation between the leiomyomas
PRL and their sizes in addition to their correlation with PRL in sera.

Subjects and methods: The circulating prolactin of the patient group
(n=53) as well as their tissues prolactin [(leiomyomas and myometrium)]
and [normal myometrium] of the control group (n=40) was assayed using
the Prolactin Kit (Biomérieux). Prolactin profile was detected using the
polyethylene glycol 8000 precipitating method to separate the big big
prolactin from the monomeric and the big prolactin isoforms. Disk gel
electrophoresis technique was used to confirm the prolactin isoforms and to
calculate their molecular weight. While the prolactin receptor was detected
in tissue sections by using an immunohistochemical staining method with
monoclonal antibody [BIOCARE detection kit].

Results: Mean age of the patient group was 39.9+5.5 years while that of
the normal control group was 32 years. All leiomyomas patients were obese
with body mass index (BMI) mean 28.4+4.7 kg/m2. Their mean age of
menarche was 13.1+£0.6 years. They weren't smokers neither oral
contraceptive users. Eighty-three percent of patients were married and the
rest (16.98%) were single. Parity for the married patients was ranging from
nulliparous to 5 and the highest percentage was among those with 1-4 parity
(70.5%).

The prolactin mean for patient’s serum was 143.1+106.9 ng/ml,
leiomyoma was 18.2+14.0 ng/ml and for patients myometrium was 8.0+3.3
ng/ml respectively, while the mean for the normal control myometrium was
6.7£2.6 ng/ml.

A highly significant difference was found between the leiomyoma
prolactin and patient's myometrium prolactin as well as between the
leiomyoma prolactin and the normal myometrium prolactin (P<0.0001),
while no significance was found between patient’s myometrium and the
normal myometrium prolactin.
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Also a high significance (P<0.0001) was found between the patients
serum prolactin and their leiomyoma prolactin, leiomyoma size, and
between the serum prolactin/leiomyoma prolactin ratio with the leiomyoma
size, while a significant value (P<0.05) was found between leiomyoma
prolactin and their sizes.

In this study the predominant prolactin isoform found was the
monomeric prolactin. In patient's serum, the monomeric prolactin was found
with two molecular weights, 24.9+9.7 and 16.5+4.5 kDa, while in their
tissues (leiomyoma and myometrium) they were 16.5+5.0 and 16.7+6.9 kDa.
The mean molecular weight for monomeric prolactin isoform in normal
myometrium of control group was 16.7+5.7 kDa.

The second predominant prolactin isoform was the big prolactin. It
was found with 71.6£15.7 kDa in patient's serum while it was 70.5+11.2 and
78.5+14.9 kDa in their leiomyoma and myometrium respectively. The
normal control myometrium had big prolactin molecular weight of
74.4+13.2 kDa. Only one sample of patient’s serum had big big prolactin
isoform with molecular weight 201.5 kDa.

The immunohistochemical staining of leiomyoma sections revealed
brown spots, which indicate the presence of prolactin receptor on the
membrane of leilomyoma.

Conclusion: Age, obesity, and age at menarche were the risk factors
associated with developing leiomyoma, while increasing parity did not
decrease this risk as was known.

Serum prolactin level was increased in patient with uterine leiomyoma
with a significant positive correlation with the leiomyoma size and its
prolactin produced from it
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Introduction and literature Review

Introduction and Literature Review:

1.1 Uterine leiomyomas:

Uterine fibroids are tumors made of connective tissue and
smooth muscle. They grow slowly within the wall of the uterus or
attach to the uterine wall. Most fibroids are non cancerous, although
in some rare cases they may become cancerous. This occurs in less
than 1% of fibroids (McWilliams 2005) .

These fibroids may be as small as a pea or as large as a
grapefruit. As the fibroid grows, the uterus may become deformed or
pushed aside. When the uterus is deformed or blocked by a growth,
the resulting pressure may cause symptoms in the bladder or intestine,
such as increased urination, constipation, or pain. In pregnant woman,
fibroids can cause uterine pain and even increase the risk of
miscarriage. Other terms used for a uterine fibroid are leiomyoma or
myoma of the uterus.

Leiomyomas are classified by their location in the uterus.
Subserosal leiomyomas are located just under the uterine serosa and
may be pedunculated (attached to the corpus by a narrow stalk) or
sessile  (broad-based). Intramural leiomyomas are found
predominantly within the thick myometrium but may distort the
uterine cavity or cause an irregular external uterine contour.
Submucous leiomyomas are located just under the uterine mucosa
(endometrium) and, like subserosal leiomyomas, maybe either

pedunculated or sessile. Tumors in subserosal and intramural
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locations comprise the majority (95%) of all leiomyomas; submucous

leiomyomas make up the remaining (5%) (Chamberlain 2000).

Uterine leiomyomas, or fibroids, are the most common tumors
of women in the United States; probably occurring in the majority of
women by the time they reach menopause and becoming clinically
significant in about one-third of these women. Despite their
prevalence, little attention has been directed toward the causation and
pathogenesis of fibroids until recent years because of the rarity of
their malignant transformation. Regardless of their generally benign
neoplastic character, uterine fibroids are responsible for significant
morbidity in a large segment of the female population. The clinical
effects of these tumors are related to their local mass effect, resulting
in pressure upon adjacent organs, excessive uterine bleeding, or
problems related to pregnancy, including infertility and repetitive
pregnancy loss (Haney 2000). As a consequence of these local
pressure effects and bleeding, uterine fibroids rank as the major
reason for hysterectomy in the United States, accounting for
approximately one-third of all hysterectomies (Wilcox ef al. 1994), or

about 200,000 hysterectomies per year (Gambone et al.1990).

Fibroids are usually found during routine pelvic exams. If the
patient has severe menstrual symptoms or other pelvic problems, an
ultrasound scan maybe recommended determining the cause of the
problems.

For fibroids that require treatment, gynecologist may suggest a
myomectomy or hysterectomy. A myomectomy is a type of surgery

used to remove the fibroids without having to remove the uterus. It is

<3
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usually done when the possibility of having children after the surgery
is planned. The chance of fibroids recurrence is dependent on the
number of fibroids that has developed in the first place. It appears that
the more fibroids a woman's uterus develops, the more likely they are
to recurrence afler a myomectomy. In a hysterectomy, the surgeon
removes the uterus. This making the possibility of fibroids recurrence
zero. A myomectomy can be technically more difficult than a

hysterectomy and can lead to greater blood loss (McWilliams 2005).

Considering the development of uterine leiomyomas, it is
convenient to subdivide the factors that may be related to
tumorigenesis into four categories: risk factors, initiators, promoters,

and effectors.
1.1.1. Risk Factors Associated with Leiomyomas:

Risk factors are characteristics associated with a condition,
generally identified by epidemiological studies. Knowledge of such
predisposing factors may provide clues to the etiology of these tumors
as well as to preventive measures. The occurrence of genetic
aberrations in fibroid tumors is considered. Despite the abundance of
cytogenetic investigations, uncertainty remains as to the primary or
secondary nature of these genetic changes and their impact on the
initiation and/or promotion of these tumors. The role of growth
promoters of fibroids seems to belong in large part to the ovarian

hormones estrogen and progesterone (Gordon et al. 2003).
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Lauren ef al. (2004) assessed the risk of uterine leiomyomata in
relation to reproductive factors and hormonal contraception in a
prospective cohort study of US Black women. After adjustment for
age, body mass index, smoking, alcohol intake, and other reproductive
covariates, the risk of ultrasound-or hysterectomy-confirmed uterine
leiomyomata was inversely associated with age at menarche, parity,
and age at first birth and positively associated with years since last
birth. Overweight or obesity appeared to attenuate the inverse
association between parity and leiomyomata. Current use of
progestin-only indictable was inversely associated with risk. No
consistent patterns were observed for other forms of hormonal
contraception. Reproductive history is an important determinant of

leiomyomata risk in pre-menopausal women.

1.1.1.1. Age:

An increase with age in the prevalence of fibroids during the
reproductive years has been demonstrated by several epidemiologic
studies (Wilcox et al. 1994; Marshall er al. 1997; Velebil et al. 1995).
Ross et al. (1986) have shown a rapid increase in fibroid diagnoses
among women in their forties. Whether the risk of new fibroids
actually increases rapidly in women during their forties is not known.
The observed increase could also result from increased growth of or
increased symptomatology from, already existing fibroids, as well as
from a greater willingness of women in the later reproductive years to
have gynecologic surgery. If the likelihood of fibroid development
and growth actually accelerates during the late reproductive years,

hormonal factors associated with perimenopause may be important
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modulators; alternatively, the apparent increase in the late
reproductive years may simply represent the cumulative culmination

of 20-30 years of stimulation by estrogen and progesterone.

1.1.1.2. Menarche:

There is a suggestion of slightly increased risk of fibroids
associated with early menarche, although the risk has often not been
statistically significant (Cramer et al.1995; Parazzini et al. 1988;
Samadi et al. 1996). Marshall et al. (1998) have reported a significant
inverse association between risk of fibroids and age at menarche; they
said women who were 12 years of age at menarche and those who
were < 10 years of age at menarche were at increased risk [relative
risk (RR)_1.24], whereas women who were age > 16 years at
menarche were at lower risk (RR 0.68). The early onset of menstrual
cycles may increase the number of cell divisions that the myometrium
undergoes during the reproductive years, resulting in an increased
chance of mutation in genes controlling myometrial proliferation. Sato
et al. (2000) found that women with uterine leiomyomas more often
exhibited an early normal menstrual cycle pattern, and concluded that
early menstrual regularity may enhance leiomyoma growth in early

reproductive life.

1.1.1.3. Parity:

Many factors that can modulate the risk of developing uterine
leiomyoma have been identified, including parity. Epidemiological

data on decreased risk of developing leiomyoma has been subjected to
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different interpretations regarding whether pregnancy itself is
protective or, as leiomyomas are a major cause of infertility, women
that develop these tumors are less fertile and thus have lower
pregnancy rates. Researchers have utilized an animal model
genetically predisposed to uterine leiomyoma to investigate the
potential protective effect of pregnancy on the risk of developing this
disease. Female Eker rats that carry a mutation in the tuberous
sclerosis 2 (Tsc-2) tumor suppressor gene develop uterine leiomyoma
with a frequency of 65% when nulliparous. These animals were bred
with intact or vasectomized males and tumor incidence determined
after a single pregnancy (to confirm fertility) or multiple pregnancies
over the lifetime of the animals. Females with multiple litters
displayed a dramatic shift in tumor incidence and presentation. Tumor
incidence decreased from 71% in single litter females to 10% in
females that had multiple litters (average: five litters/animal) (Cheryl
et al.2001).

Studies that report changes in existing leiomyomas during
pregnancy are not consistent. Some tumors grow, others shrink, but
many show little change. (Ross et al. 1986; Lumbiganon et al. 1996).
While epidemiological evidence indicates a protective effect of
pregnancy for human leiomyoma, the mechanism(s) by which
pregnancy exerts its protective effects is unclear. Pregnancy has been
shown to modulate the incidence of other types of hormone-dependent
tumors, although the mechanisms of this protective effect appear to
operate at different levels in different cell types. In breast cancer,

early pregnancy is the most protective, suggesting an effect on the
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normal target cell population from which these tumors arise (Adami et
al. 1998: Kelsey and Bernstein 1996; Colditz 1993). In contrast, in the
endometrium, time of last pregnancy appears to be a more important
determinant. In women with only a single pregnancy, the most
protection is afforded to women having a late rather than early
pregnancy. This suggests that the protective effect is acting against the
nascent neoplastic/preneoplastic cell population (Parslov ef al. 2000;
Franchesschi 1998: Lambe et al. 1999). The fact that no protection
against the development of uterine leiomyoma was afforded in a study
with female Eker rats undergoing a single early pregnancy. Cheryl
(2002) suggests that the protective mechanisms of pregnancy in the
myometrium are more similar to the endometrium (i.e., acting against

nascent tumor cells) than the breast (protective differentiation).

Anderson et al. (1995) have suggested an interesting hypothesis
in which leiomyoma cells were described as resembling a myometrial
cell of pregnancy rather than a typical myometrial cell under the
influence of the menstrual cycle. These similarities include increased
levels of steroid hormone receptors, expression of insulin growth
factor-1 (IGF-I), and production of extracellular matrix proteins such
as collagens type II and 1. Furthermore, leiomyomas constitutively
express high levels of connexind3 (contraction associated protein), the
predominant connexin found in the myometrium during pregnancy
(Anderson et al. 1993). Connexin 43 expression is negligible in
myometrial cells during the normal menstrual cycle and early
pregnancy; however, at term, connexin 43 becomes abundantly

expressed under the influence of estrogen (Chow and Lye, 1994). This
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confirms that leiomyomas not only share the characteristics ot
myometrial cells during pregnancy but also more specifically have the

phenotype of these cells at parturition.

1.1.1.4. Obesity:

Several studies have found an association between obesity and an
increased incidence of uterine leiomyomas. Risk of fibroids found to
be increased approximately 21% for each 10-kg increase in body
weight; similar results were obtained when the body mass index
(BMI) was analyzed rather than weight (Ross er al. 1986). A
significant increase occurs in the conversion of circulating adrenal
androgens to estrone by excess adipose tissue. The hepatic production
of sex hormone-binding globulin is decreased, resulting in more
unbound physiologically active estrogen. Because almost all
circulating estrogens postmenopausally are derived from metabolism
of circulating androgens by peripheral tissues, including fat, these two
mechanisms probably have more impact in postmenopausal than pre-
menopausal women (Glass 1989).

In obese pre-menopausal women, decreased metabolism of
estradiol by the 2-hydroxylation route will reduce the conversion of
estradiol to inactive metabolites, which could result in a relatively

hyperestrogenic state (Schneider et al. 1983).

1.1.1.5. Oral Contraceptives (OCs):
Oral contraceptives may play a role in the development or
growth of leiomyomata. Some have found no association between the

occurrence of fibroids and the use of OCs (Samadi et al. 1996), while
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others have reported a reduction in risk of fibroids with OC use. They
have observed in their study a consistent decrease in the risk of
fibroids with increasing the duration of OC use (approximate 17%
reduction in risk with each 5 years of use); this apparent protective
effect was attributed to reduce exposure to unopposed estrogen due to
the modifying effect of progestogens (Ross et al. 1986).

These conflicting findings with regard to the effect of OCs upon
the growth of myomas may relate to the differing content of estrogen
and the type of progestogen in each specific OC preparation (Cramer
1992). Group of researchers attempted to address this issue by
analyzing the estrogen and progesterone content of each formulation.
Although no conclusions could be drawn regarding the estrogens
present, the authors found that the higher the dose of the progestogen
norethisterone acetate, the lower the incidence of fibroids. in
preparations containing the same quantity of the estrogen
ethinylestradiol. In contrast, all preparations containing the
progestogen ethynodiol diacetate were associated with an increased
incidence of fibroids, regardless of the quantity present or the type or
amount of the accompanying estrogen. The authors offered no
explanation for the latter finding and stated that additional studies

were needed for confirmation (Gordon et al. 2003).

1.1.1.6. Menopause:

A reduced risk of fibroids requiring surgery in postmenopausal
patients could be due to tumor shrinkage in the absence of hormonal
stimulus following the menopause (Samadi et al. 1996). A study have

found a similar incidence of leiomyomas in both pre- and
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postmenopausal patients (74 and 84%, respectively), although the
postmenopausal leiomyomas were smaller and fewer (Cramer and
Patel 1990). The estimated risk in postmenopausal patients could be
reduced by selection bias because of a tendency toward a more
conservative non-surgical, clinical approach in postmenopausal

women (Parazzini et al. 1988).

1.1.1.7. Racial Differences:

Uterine fibroids are more prevalent in black women than white
women. In a study of hysterectomy specimens, 89% of the black
women and 59% of the white women had leiomyomas, which in black
women were often larger, more numerous, and more symptomatic,
and had developed at a younger age (Kjerulff et al. 1996). In another
study, 95,061 pre-menopausal women with no history of uterine
leiomyoma were followed prospectively and had an incidence rate of
leiomyoma approximately 2-3 times greater among black women than
among white women. Although there was a higher prevalence of risk
factors, including a higher mean BMI, among black women in this
study, these factors could not account for the excessive rate of uterine

leiomyomata among pre-menopausal black women (Marshall et al.
1997).

1.1.L.8. Smoking:

Several studies have revealed a reduced risk of fibroids

associated with current smoking, but not past smoking (Lumbiganon
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et al. 1996: Samadi et al. 1996). Researches have reported in a study
that the risk of uterine myomas requiring surgery reduced 50% in
current smokers (Parazzini et al. 1996). The inverse correlation
between smoking and fibroids has been commonly attributed to an
anti-estrogenic effect of cigarette smoking, suggested by other
epidemiologic associations of smoking, including a reduced risk of
endometrial cancer, earlier natural menopause, and increased
osteoporosis. Nicotine inhibition of aromatase reduces the conversion
of androgens to estrone (Barbieri ef al. 1986). Significantly higher
serum levels of sex hormone-binding globulin have been found,
resulting in less unbound physiologically active estrogen. These
studies indicate that the hormonal metabolic effects of smoking are
probably multifactoral (Daniel ef al. 1992). In addition, smokers as a
group consistently exhibit lower body weights than nonsmokers,
possibly because of a lower efficiency of calorie storage and/or an
increase in the metabolic rate (Wack and Rodin 1982). A lower body
weight associated with a reduced risk of fibroids might be expected to
be another indirect contributing mechanism through which smoking
exerts an effect, but in another study, it was found that the effect of
smoking was not changed by correction for BMI (Lumbiganon et al.

1996: Schwatz et al. 2000a).
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1.1.1.9. Prolactin:

Although initially identified as a pituitary gland hormone, several
studies have demonstrated that prolactin is also produced by uterine
tissues, including the endometrium, myometrium, and uterine
leiomyomas (Walters er al. 1983). The significance of prolactin
production in leiomyomas is not yet well defined; however, interest in
this hormone has been stimulated by the finding that prolactin acts as
a mitogen for vascular smooth muscle (Sauro and Zorn 1991). In
addition, in one study of myometrial and leiomyoma explants
cultures; fibroid prolactin secretion was substantially greater than
myometrial prolactin secretion (Rein er al. 1990). In another study
researchers had found that estrogen enhanced the secretion of
prolactin in fibroid tissue cultures, whereas progesterone exhibited a
suppressive effect (Daly er al. 1984). Because leiomyomas are
mitotically active during the luteal phase, the inhibition of leiomyoma
prolactin production by progesterone tends to cast some doubt upon
the role of this hormone in fibroid growth. However, in a recent study,
treatment of leiomyoma and myometrial cell cultures with a prolactin-
neutralizing antibody inhibited cell proliferation, leading the authors
to conclude that prolactin may be an autocrine or paracrine growth
factor for both leiomyoma and myometrial cells (Nowak et al. 1999).
At this date, it would seem that the prolactin story is unfinished,

evolving, and worthy of further study.
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1.1.2Z. Initiators of Tumorigenesis:

1.1.2.1. Theories of Initiation:

The most important aspect of the etiology of fibroids--the
initiator(s)--remains unknown. Several theories have been advanced.
One hypothesis states that increased levels of estrogen and
progesterone result in an increased mitotic rate that may contribute to
myoma formation by increasing the likelihood of somatic mutations
(Rein 2000). Another favors an inherent abnormality in the
myometrium of those who develop fibroids, based upon the finding of
significantly increased levels of estrogen receptor (ER) in the
myometrium of fibroid uteri (Richards and Tiltman 1996). Others
have suggested a predisposing genetic factor on the basis of ethnic
and familial predilections (Marshall et al. 1997; Schwartz et al.
2000b).

1.1.2.2. The Genetic Findings:

1.1.2.2.1. Heritability:

A rare inherited disorder known as Reed's Syndrome or multiple
leiomyomatosis, is characterized by the appearance of multiple
leiomyomas in the skin, uterus, or both. The family histories in these
cases suggest an autosomal dominant inheritance with incomplete

penetrance (Thyresson and Su 1981). Recent reports of several
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families with multiple uterine and cutaneous leiomyomata, and a
subset of these with papillary renal cell carcinoma, have
independently linked this disorder to a predisposition gene in the
region of chromosome 1g42.3-g43 (Alam et al. 2001). In follow-up
studies of this chromosomal region, mutations were detected only in
the fumarate hydratase gene (Tomlinson et al. 2002)--a surprising
finding, as this enzyme is a component of the essential energy-
producing cycle {Tri-Carboxylic Acid} (Rustin et al. 1997).
Furthermore, the gene appears to act as a classic tumor suppressor in
that loss of the wild type allele was observed frequently in the
leiomyomata and renal cell cancers (Launonen et al. 2001). Although
this hereditary syndrome 1is itself rare, the association with
inactivation of the fumarate hydratase gene is of interest, as it is
possible that other mechanisms of transcriptional silencing of this
gene such as promoter hypermethylation could be involved in the

development of sporadic leiomyomas (Kiuru ef al. 2001).

1.1.2.2.2. Clonality:

There is a general acceptance in most literatures that these
leiomyoma tumors are monoclonal. The underlying premise of these
studies has been based on the Lyon hypothesis, which assumes that
only one X chromosome is active in any female cell, the other X
chromosome remaining in an inactive state, and that the X
chromosome that is inactivated (methylated) is determined randomly.
Thus, genetic loci known to be located on the X chromosome can be

studied in these tumors for evidence of homogeneity of expression in
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those patients identified as heterozygous for a particular gene in their

normal, nontumor tissues (Gordon et al. 2003).

Vogelstein et al. (1985) in their studies have taken advantage of
methylation-sensitive restriction enzymes to discriminate between
active and inactive alleles of X-linked genes known to be highly
polymorphism. Tumors arising from single cells should contain only
one type of inactive (methylated) allele, which will be amplified
exclusively following restriction-enzyme digestion of the active
(unmethylated) allele, whereas tumors of multicellular origin should
contain some cells with one type of inactive allele and other cells with
a second type of inactive allele, resulting in the amplification of both
alleles following digestion and polymerase chain reaction. This
method has been employed for analysis of both the X-linked androgen
receptor gene (Mashal er al 1994) and the X-linked
phosphoglycerokinase gene (Hashimoto et al. 1995). Both studies
concluded that the uterine fibroids examined were monoclonal in

origin.

1.1.2.2.3. Cytogenetics:

Most of the investigations of leiomyomas that search’s for
chromosomal aberrations have used classic cytogenetic karyotyping, a
valuable tool because it is the only method that allows one to survey
the entire genetic constitution of a tissue with a single assay. Standard
cytogenetic methodology with G-band analysis can identify

translocations, deletions, and duplications, but it does require the in
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vitro culture of leiomyoma cells to obtain metaphase preparations. A
genomic hybridization, which is an alternative comparative method,
permits the recognition of cytogenetic changes such as deletions and
amplifications without the need for cell cultures of the tumor. Neither
standard karyotyping nor comparative genomic hybridization permits
the detection of small, submicroscopic chromosomal abnormalities
such as point mutations or epigenetic changes such as methylation
(Levy et al. 2000 ; Packenham ef al. 1997).

As a result of studying the correlation the tumor phenotype, there
was no indication of systematic histological differences between
leiomyomas with normal karyotypes and only those with
chromosomal aberrations were found in one study (Nilbert and Heim
1990); however, there is some evidence from other reports (Meloni et
al. 1992; Pandis et al. 1990) that leiomyomas that are either cellular
with mitotic activity or atypical histologically are more likely to
demonstrate karyotypic abnormalities or to show massive karyotypic
aberrations indicative of clonal evolution.

In a study of 114 myomas from 92 patients, myomas > 6.5 cm
demonstrated a significantly higher proportion of abnormal
karyotypes than myomas < 6.5 cm (75% vs. 34%) (Rein et al. 1998).
In the same study a relationship between particular karyotypes and
fibroid size was identified, with the largest tumors carrying
abnormalities and the smaller tumors exhibiting chromosome 7
deletions, suggesting that chromosomal abnormalities associated with
individual myomas may enhance myoma growth. And a correlation
between the location of the fibroid and the likelihood of a cytogenetic

abnormality has also been reported;: that submucous myomas
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presented significantly fewer abnormal karyotypes (12%) than did
either the intramural (35%) or the subserosal (29%) tumors, and
furthermore, this correlation remained significant regardless of the

diameter of the myoma (Brosens et al. 1998).

1.1.3. Promoters: Evidence for the Role of Estrogen and

Progesterone:

Estrogen has been considered as the primary promoter of uterine
leiomyoma growth. This supposition has been based in part upon the
clinical observations that fibroids occur only after menarche, develop
during the reproductive years, may enlarge during pregnancy, and
frequently regress following menopause. Cramer 1992;and Romieu er
al. 1991 have proposes that unopposed estrogens is the underlying
cause of uterine fibroids because the risk of fibroids found greater in
the nulliparous women who might be subject to a higher frequency of
anovulatory cycles and also the obese women with greater
aromatization of androgens to estrone in the fat. Increased growth of
myomas among women taking tamoxifen or receiving transdermal or
injected estrogen-replacement therapy further supports the importance
of estrogen. The estrogen hypothesis has also been supported by
clinical trials evaluating the medical treatment of myomas with
gonadotropin releasing hormone (GnRH) agonists, the effective result
of which is hypoestrogenism accompanied by regression of the
fibroids (Friedman et al. 1989). As noted by Rein, however,

distinguishing the relative importance of estrogen versus progesterone
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is difficult, as progesterone levels, in a manner similar to those of
estrogen, are also cyclically elevated during the reproductive years,
are significantly elevated during pregnancy, and are suppressed after
menopause (Rein er al. 1995). Furthermore, regression of uterine
leiomyomata has been induced by treatment with the anti-
progesterone drug (RU 486), accompanied by reduction in the
progesterone receptor (PR) but not the estrogen receptor (ER) in the
tumors, suggesting that the regression was attained through a direct
anti-progesterone effect (Murphy ef al. 1993). In addition patients
treated with leuprolide (a GnRH agonist capable of reducing the size
of fibroids) who were concomitantly given medroxyprogesterone
acetate demonstrated no significant reduction in myoma or uterine

volume (Carr et al. 1993).
1.1.4. Effectors: Growth Factors and T'heir Receptors:

The growth-promoting effects of estrogen and progesterone upon
the myometrium and uterine myomas may be mediated through the
mitogenic effects of growth factors produced locally by smooth muscle
cells and fibroblasts (Mangrulkar er al. 1995). Growth factors are
polypeptides or proteins that are secreted by a number of cell types.
have a wide range of biologic effects, and generally act over short
distances either in an autocrine or paracrine manner. They are essential
elements in controlling the proliferation rate of cells, and
overexpression of either the growth factor or its receptor may contribute
to tumorigenesis. Growth factors exert most of their effects on target

cells by interaction with specific cell-surface receptors, with subsequent
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message transmission via signal transduction systems in the cell. Even
in the physiological state, the cellular responses induced by growth
factors are complex and dependent upon a number of variables,
including the cell type, the differentiation stage of the cell, other stimuli
acting simultaneously upon the cell, and the tendency for most growth
factor receptors to interact with an entire family of growth factors

(Pusztai et al. 1993).

1.1.4.1. Growth Factors ldentified in Fibroids:

Several growth factors and their receptors have now been
identified in both myometrium and leiomyomas, e.g. transforming
growth factor(TGF)-B, basic fibroblast growth factor (bFGF),
epidermal growth factor (EGF), platelet-derived growth factor
(PDGF), vascular endothelial growth factor (VEGF), and insulin-like
growth factor (IGF) (Gordon et al. 2003).

1.2. Prolactin and its receptor:

1.2.1. Prolactin:

Prolactin (PRL) is a polypeptide hormone synthesized and
secreted by lactotrophs, which are acidophilic in the anterior pituitary
gland. The lactotrophs account for approximately 15-20% of the cell
population of the anterior pituitary gland. However, this percentage
increases dramatically in response to elevated estrogen Ilevels,

particularly during pregnancy. Prolactin levels are higher in females
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than in males, and the role of prolactin in male physiology is not
completely understood. Plasma concentrations of prolactin are highest
during sleep and lowest during the waking hours in humans.

Prolactin and Growth hormone (GH), along with placental
lactogens (PLs), form a family of hormones that probably result from
the duplication of an ancestral gene. Its structure is similar to that of
GH, contains 198 amino acids and has three intracellular disulfide
bridges. Its molecular mass is 22000 d.

French researchers were the first to identify a pituitary factor
capable of inducing milk secretion in rabbits (Stricker and Grueter,
1928). American scientists made similar observations, and in addition
to naming the new pituitary factor prolactin, showed that PRL was
able to stimulate the growth of the pigeon crop sac (Riddle et al.
1933).

Prolactin regulates its own secretion through a short-loop
feedback mechanism by binding to prolactin receptors located in
neuroendocrine dopaminergic neurons; this binding leads to increased
hypothalamic dopamine synthesis. When the concentration of
dopamine in the hypothalamo-hypophysial portal blood rises, the
release of PRL from the lactotrophs is suppressed (Molina 2004).

Pituitary lactotrophs have the ability to secrete PRL
spontaneously and the secretion is therefore mainly regulated through
inhibitory control. Hypothalamic neuroendocrine neurons produce
PRL-inhibiting factors (PIF). The primary PIF is dopamine.
Additional PIF are somatostatin and y- amino butyric acid (GABA).
PRL regulates its own secretion through negative feedback, and

elevated serum PRL increases hypothalamic dopamine synthesis.
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Suckling stimuli when nursing pups have been characterized as a
neuroendocrine reflex and it increases pituitary PRL secretion. In
humans, the baseline serum PRL level was 268 + 24 ng/ml during
lactation and the PRL level was reported to rise to 362 + 31 ng/ml
after 15 minutes of suckling. The control of suckling-induced PRL
secretion is still not fully understood. However, suckling stimuli have
been demonstrated to reduce dopamine release into portal blood.
Additional factors are likely to be involved, for instance vasopressin.
PRL secretion is also regulated by environmental factors, such as
light, and the release of PRL is higher during sleep compared to the
waking hours. Several studies have demonstrated that dopamine levels
also change throughout the day. Other environmental factors affecting
PRL secretion are stress, olfactory stimuli and sound (Weitzman et al.
1980 ; Freeman et al. 2000).

In addition to its secretion from the anterior pituitary gland,
extrapituitary cells also secrete PRL. Circulating PRL, acting in an
endocrine fashion, is mainly secreted from the lactotrophs. The
lactotrophic cell population is heterogeneous and the capacity of the
cells varies depending on their secretary granule size, content,
location and responsiveness to stimuli. In the anterior pituitary gland,
there is an additional PRL-producing cell type, the
mammosomatotrophs. These cells are bifunctional, and they can
produce both PRL and GH.

A number of tissues produce extrapituitary PRL, including brain,
lachrymal gland, bone marrow, deciduas, myometrium, skin

fibroblasts, spleen, mammary epithelial cells, sweat glands, lymph
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nodes and thymus. Extrapituitary-produced PRL often acts in a
paracrine and autocrine fashion.

Pituitary and extrapituitary cells use different promoter regions
when regulating the expression of PRL mRNA. Pituitary cells use a
promoter with three regulatory domains, a proximal region with three
Pit-1 binding sites, a distal region with eight Pit-1 binding sites in
addition to an estrogen response element (ERE) sequence, and a super
distal region. Extrapituitary cells use a promoter with a start site, 5.8
kb upstream of the pituitary start site (Ben-Jonathan ez al. 1996).

1.2.2. The PRL /GH/PL family:

At the end of the 1970's, the rapid development of cloning
technology allowed the identification of the nucleotide sequence of
PRL complementary DNAs (cDNAs) from several species. As
anticipated from earlier structural studies, the primary structure of
PRI appeared closely related to that of two other hormones, growth
hormone (GH), also of pituitary origin, and placental lactogen (PL),
secreted by mammalian placenta. Today, genetic, structural, binding,
and functional studies of these three hormones, as well as the more

recently identified somatolactin and PRL-related proteins, have clearly
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demonstrated that they all belong to a unique family of proteins
(Nicoll et al. 1986 ; Goffin et al. 1996).

1.2.3. Prolactin tertiary structure:

As a traditional hormone, prolactin is produced by lactotrophic
cells in the pituitary and secreted into the bloodstream where it acts
distally to regulate reproduction and promote lactation. Pituitary cells
store prolactin in secretory granules organized around large prolactin
aggregates, which are produced within the trans layer of the Golgi
complex. Keeler et al. (2003) has determined the tertiary structure of
human prolactin using three-dimensional (3D) and four-dimensional
(4D) heteronuclear NMR spectroscopy. As expected, prolactin adopts
an “up-up-down-down” four-helical bundle topology as can be seen in
(Figurel.1).

Prolactin displays three discrete structural differences from
growth hormone: (1) a structured N-terminal loop in contact with the
first helix, (2) a missing minihelix in the loop between the first and
second helices, and (3) a shorter loop between the second and third
helices lacking the perpendicular mini-helix observed in growth
hormone. Residues necessary for functional binding to the prolactin
receptor are clustered on the prolactin surface in a position similar to
growth hormone. The tertiary structures of growth hormone and
placental lactogen have been determined using X-ray crystallography
complexes to the extracellular domains of their functional receptors
(Elskins et al. 2000; Clackson et al. 1998). Nuclear Magnetic
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Resonance (NMR) spectroscopy has been used to characterize the
tertiary structures and backbone dynamics of many members of this
protein family including interleukin-4 (Redfield et al. 1992),
granulocyte colony-stimulating factor (Zink et al. 1994), interleukin-6
(Xu et al. 1997), leukemia inhibitory factor (Purvis and Mabbutt
1997), erythropoietin and growth hormone (Cheetham et al. 1998).
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Figure (1.1): Ribbon model of the tnree aimensional Suuciu:
wild-type human prolactin. The highlighted sections are the
tryptophan amino acid (Keeler et al. 2003 ).
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There are several forms of human prolactin (hPRL) circulating in
the blood. Monomeric hPRL is the major circulating hormone.
Dimeric hPRL ranges between 8% and 20% while polymeric human
PRL (hPRL) is between 1 and 5% of circulating hPRL. Both polymers
and dimmers are PRL's form of storage, which occur in storage
granules and link up each unit by S-S bond (Figure 1.2). During
secretion, most polymeric forms of hPRL are broken to monomers by
reduction (Patmastan 2003).

Monomeric form is the major form of PRL circulating in the
hlood

Some polymers fail to be completely reduced during secretion.
However, polymers can be dissociated by reducing agents or digested
with enzymes such as chymotrypsin. The dimeric and polymeric
hPRLs have a decreased receptor binding and biological activity.

Rambourg ef al. (1992) has reported that prolactin forms large
aggregates in the lumen of the trans layer of the Golgi complex, which
are necessary for the formation of secretory granules.

Prolactin aggregates are differ from many other protein
aggregates in that they are readily reversible; when they aggregates,
they are released from the cell, they rapidly dissolve, releasing
soluble, and correctly folded to produce the monomeric and
functionally active protein. Both the mildly acidic pH in the trans-
Golgi lumen, and facilitation by binding Zn™ in addition to the high
concentrations of prolactin in the secretory pathway form the driving
forces for prolactin aggregation in the trans-Golgi lumen (Sankoorikal
et al. 2002).
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Figure (1.2): Various polymeric forms of hPRL are produced during
secretion (Patmastan 2003).

The biochemical nature of the aggregate that exists within the
dense cores of secretory granules affects their function. Properly
functioning secretory granules require specific membrane proteins to
accumulate around the aggregate. However, all aggregates of protein
forming in the trans-Golgi lumen do not result in functional secretory
granules (Castle et al. 1995).

Zhu et al. (2002) suggest that a single amino acid change in
prolactin or growth hormone results in a change in the retention of the
secretory granules that store these proteins.
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1.2.4. PRL as an Endocrine, Autocrine and Paracrine
Hormone:

Functionally, prolactin has been characterized as both an
endocrine hormone and an autocrine/paracrine growth factor (Figure
1.3). As a hormone, prolactin is expressed by lactotrophic cells in the
anterior pituitary under the control of a well-characterized, proximal
“pituitary-type” promoter, which requires the Pit-1 transcription factor

for trans activation (Ben-Jonathan et al. 2002).
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Figure(1.3): Regulation of hPRL secretion. Prolactin is secreted from
the lactotroph, which was regulated by several tissues such as
hypothalamus, peripheral tissues, posterior pituitary and other cell
types in the anterior pituitary gland (Patmastan 2003).
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Pituitary PRL acts via a classic endocrine pathway, ie., it is
secreted by a gland, transported by the circulatory system, and acts on
target cells at some peripheral sites via specific receptors located on
the plasma membrane. The PRL that is produced by many different
cell types can act in a more direct fashion, i.e., as a growth factor,
neurotransmitter, or immunomodulator, in an autocrine or paracrine
manner. Thus, locally produced PRL can act on adjacent cells
(paracrine) or on the PRL-secreting cell itself (autocrine) (Bole-Feysot
et al. 1998).

Newly synthesized protein is concentrated within the Golgi
apparatus where large aggregates of prolactin are formed that
subsequently become the dense cores of vesicles called secretory
granules. Release of granules occurs through Ca™“-dependent
exocytosis, largely regulated by factors secreted from the
hypothalamus.

Circulating prolactin acts distally to regulate reproductive
function and promote lactation. Investigation of animal models with
genetic deletions of prolactin and its receptor suggests additional
biological functions for prolactin including bone turnover, maternal
behavior and regulation of carbohydrate and lipid metabolism (Goffin
et al. 2002).

1.2.5. Extrapituitary Prolactin:

Outside the pituitary, prolactin is synthesized in a variety of
tissues including breast, prostate, placenta, uterus, endothelium,
immune cells and within the central nervous system. The biology of

extrapituitary prolactin is distinct. A supradistal promoter with an
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alternative first exon and transcription start site controls expression.
The resulting extrapituitary transcript is spliced into the pituitary
sequence generating an identical coding region. Qutside of the
pituitary, prolactin is not stored as an aggregate within secretory
granules. These differences in genetics and cell biology suggest an
alternative physiological role for extrapituitary prolactin. A multitude
of actions have been ascribed, most likely a reflection of the nearly
ubiquitous distribution of the prolactin receptor. Research supporting
prolactin function as an autocrine/paracrine growth factor in cancers
of the breast, prostate and reproductive tract has recently been
reviewed (Keeler ef al. 2003).

As PRL can be synthesized in a variety of tissues, it can thus be
found in several fluid compartments in addition to serum, such as
cerebrospinal fluid, amniotic fluid, tears, milk, follicular fluid, and
sweat. Nagy and Berczi (1991) have explained in their study that
neutralization of circulating PRL with anti-PRL antibodies will result
in immune dysfunction and death, so they suggesting that
extra-pituitary PRL is important and, under some circumstances, can

compensate for pituitary PRL.

1.2.6. Biological functions of prolactin:

PRL has a great diversity of action in many species and all of
them are very interesting. First, PRL. was isolated by its ability to
stimulate mammary development and lactation as well as to stimulate
the production of crop milk in pigeons. PRL functions in a number of
ways, which can be grouped into several categories (Bole-Feysot et al.

1998).
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1.2.6.1. Water and electrolyte balance:

PRL plays a major role in regulating water and electrolyte
balance through the gill and kidney of many fish such that it has been
referred to as a fresh water-adapting hormone. Besides clearly
reducing Na' loss or efflux and water uptake or permeability in the
gill, it also increases extra-cellular volume in the kidney as well as
enhancing Na' re-absorption in the bladder of fish and amphibians. In
mammals, PRL has been shown to reduce renal Na™ and K" excretion
and to simulate Na+ K™ adenosine triphosphatase (ATPase).

Furthermore, PRL decreases Na' and CI” in sweat and increases
water and salt absorption in all regions of the intestines (Pippard and
Baylis 1986; Roberson ef al. 1986).

1.2.6.2. Growth and development:

In amphibians, PRL is best known for its antimetamorphic
effects. In larvae, PRL has been shown to increase the growth of gills
and caudal fin and to increase tail length. PRL actions have an effect
on cell proliferation and development and one of its major targets is
skin. In reptiles and amphibians, PRL promotes molting of the
epidermis. It simulates skin melanocyte growth in fishes and
mammals and keratinocyte growth in mammals. In birds, PRL induces
defeathering and epidermal growth of the incubation patch. PRL
induces maturation of the lung and surfactant production and

maturation of germ cells (Sage 1970; Yoshimura ef al. 1989).
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1.2.6.3. Endocrinology and metabolism:

PRL has been shown to effect energy metabolism by modulating
ATPase activity in monkey brain: Na'-K'-dependent ATPase was
stimulated while Mg“" and Ca*"-dependent ATPases were reduced in
neural as well as glial cells. PRL also has marked effects on lipid
metabolism. In birds, it augments lipoprotein lipase activity in
adipocytes although this effect is not seen in mammals, as the
adipocyte does not have PRL receptors. In mammals, PRL stimulates
phospholipid synthesis in the fetal lung and lipoprotein lipase activity
in liver PRT. has been shown ta increase hile secretion and to have a
direct effect on pancreatic function, increasing insulin secretion
(Machida et al. 1990; Sorenson et al. 1987).

1.2.6.4. Brain and behavior:

PRL has been suggested to be involved in parental behavior of
fishes, birds and mammals. In fishes, PRL has been implicated in fin
fanning, to provide a constant supply of fresh water to the eggs and to
stimulate mucus production, which is used to feed the young after
they hatch. Another form of parental behavior is foam nest building in
which air bubbles are mixed with mucus to form bubbles during egg

laying. PRL is also involved in migration (Blum and Fiedler 1965).

1.2.6.5. Reproduction:

Actions related to the processes of reproduction represent the
largest group of different functions identified for PRL. The different
actions are quite diversified, such as nurturing of the young. PRL is

best known for its actions on the mammary gland: the growth of the
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gland that occurs during pregnancy is under the control of a number of
trophic  factors including estrogen, progesterone, insulin,
glucocorticoid, GH, and PRL or placental lactogen (PL). The terminal
stage of mammary gland development, lobuloallvelolar growth is
directly regulated by PRL. PRL is the hormone primarily responsible
for the synthesis of milk proteins, lactose and lipids, all major
components of milk., In addition, PRL has been shown to directly

stimulate IGF-1 binding protein.
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Figure (1.4): Regulatory pathways stimulate or suppress prolactin
secretion (Patmastan 2003).
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The major prolactin releasing factors (PRF) are thyrotropin
releasing hormone (TRH) and vasoactive intestinal polypieptide
(VIP). The major prolactin inhibitory factor (PIF) is dopamine. Stress
and drugs can influence the inhibition of prolactin secretion. All of the
regulatory factors have effects at the hypothalamus (Figure 1.4)
(Neville and Daniel 1987).

1.2.6.6. Ovarian actions:

In rodents, the luteotropic action of PRL generally involves
stimulation of progesterone production by luteal cells. In mammals,
depending on the stage of the cycle, luteolytic effects of PRL have
also been reported. Several factors, including PRL, seem to be
involved in the destruction of the corpus luteum.

In granulosa cells, PRL inhibits estrogen synthesis and Pysq
aromatase and induces a-2-macroglobulin via activation of Stat5. As
a factor regulating the formation and destruction of the corpus
luteum, PRL seems to play a major role in modulating the
physiological states of estrus, pregnancy and lactation. A direct
effect of PRL on developmental competence and maturation of
oocytes has been reported in rabbits.

The addition of PRL to the oocyte maturation medium increased
the development of organized embryos. PRL was also able to
directly inhibit degeneration and decomposition of surface epithelial
cells and the disiruption of connective tissue at the apex of the

follicle wall.
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1.2.6.7. Uterine actions:

In the uterus, PRL is able to increase the level of progesterone
receptors and thus all actions associated with this steroid hormone
are enhanced.

PRL promotes blastocyst implantation.

1.2.6.8. Testicular actions:
In Leydig cells; PRL increases LLH receptor number and

increases steroidogenesis and androgen production.

In germ cells, PRL increases the spermatocyte-spermid conversion.

1.2.6.9. Male sex accessory actions:

PRL increases the weight of the prostate and seminal vesicle. In
the seminal vesicle, PRL increases lipid concentrations in the fluid.
The effects of PRL on prostate include increased levels of androgen

receptor (Dombrowicz et al. 1992; Nag et al. 1981).

1.2.6.10. Immunoregulation and protection:

In lymphocytes, PRL is known to increase antibody formation,
including immunoglobulin G (IgG) and immunoglobulin M (IgM)
antibodies and to induce cellular proliferation. PRL has been shown
to inhibit apoptosis of lymphocytes. Administration of PRL is also
associated with increased graft rejection and an increase in T-cell

engraftment. Macrophage activation and superoxide anion production
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responsible for killing pathogenic organisms are effects mediated by
the PRLR (Lahat et al. 1993).

1.2.6.11. Actions associated with pathological disease

states:

In humans, hyperprolactinemia has been shown to be associated
with amenorrhea, galactorrhea, and impotence (Clevenger et al.
1997). The inhibitory effects on the reproductive processes may be
due to both central and peripheral actions of PRL. In some women,
elevated PRL is associated with a psychosomatic state of
pseudopregnancy (Shewade and Ramaswamy 1995 ; Sobrinho 1993).

Interestingly, however, no genetic diseases associated with a
mutation of the gene encoding PRL or the PRLR have been identified
in humans or animals. Either these genes are not important or they are
essential to the proper survival of the species.

An excessive volume of amniotic fluid, known as
polyhydramnios, is associated with decreased levels of amniotic fluid
PRL or PRLR levels in the chorion laeve. This effect may be related
to the osmoregulatory role of PRL during fetal life and to the
inhibitory effect on amniotic fluid volume observed in monkeys
(Sarandakou er al. 1992; Josimovich et al. 1977).

PRI. has been associated with a number of different forms of
cancer. For example, PRL is thought to increase colorectal tumor
agressivity (Bhatavdekar er al. 1994), induce the proliferation of

several lines of human breast cancer (Das and Vonderhaar 1996),
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activate malignant B-lymphocytes and lymphoma cells, and induces
the proliferation of promyelocytes (Walker et al. 1995).

Benign fibro muscular myometrial tumors (leiomyomas) have
been shown to produce more PRL than control myometrium; thus,
locally produced PRL may exert a mitogenic action on the growth of
these tumors (Nowak et al. 1993).

PRI. has been shown to be increased and to affect a number of
autoimmune states, such as systemic lupus erythematosus (El-Garf et
al. 1996), acute experimental allergic encephalomyelitis (Walker et al.
1993), rheumatoid arthritis and adjuvant arthritis (McMurray et al.
1995). PRL has also been suggested to be involved in the etiology of
cystic fibrosis, although the precise mechanism remains unclear

(Kulczycki and Robertson 1988).

1.2.7. Hyperprolactinemia and prolactin metabolism:

In human patients with pituitary tumors, prolactinomas are very
common. The main signs of hyperprolactinemia in women are
amenorrhea and galactorrhea. In addition, chronic hyperprolactinemia
leads to metabolic disorders (Cohen et al. 1984). Landgraf er al.
(1977) and Schernthaner et al. (1985) have demonstrated that
hyperprolactinemia induces an insulin-resistant state in humans. They
have improved this when they treated patients with
hyperprolactinemia with bromocriptine, and found that this drug will
act as a dopamine agonist that suppresses PRL secretion, glucose

tolerance and insulin sensitivity.
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Reis et al. (1997) have demonstrated in hyperprolactinemic rats,
both hyperglycaemia and insulin resistance. However, insulin
resistance was more pronounced in female rodents with
hyperprolactinemia compared to males and estrogen was suggested to
affect PRL’s diabetogenic effects in females.

Chronic high PRL levels have been suggested to increase the
body weight in human patients. However no difference in body
weight was observed in patients with microprolactinoma (Greenman
et al. 1998; Freemark et al. 2001).

In rodents, the effect of PRL on adipose tissue size has been
contradictory, but elevated PRL levels would increase food intake and
body weight in rodents (Matsuda et al. 1996).

Freemark et al. (2002) have reported that PRL has the effect to
stimulate insulin secretion by increasing the proliferation of pancreatic
islet B-cells. In addition, PRLR-deficient, PRLR-/- mice have reduced
pancreatic islet density, B-cell mass and insulin content as well as
blunted insulin secretion and impaired glucose tolerance in response
to glucose administration. /n vitro, PRL has been demonstrated to
reduce insulin binding to human adipocytes from women at term
gestation and decrease glucose transport in rat adipocytes (Jarrett et
al. 1984; Ryan and Enns 1988).

1.2.8. I'he Macroprolactin Problem:

Human prolactin (PRL) is synthesized as a pre-hormone with a
molecular weight of 26 kDa. When the pre-prolactin is cleaved, the
resulting polypeptide has a molecular weight of 23 kDa, and this

monomeric form accounts for the majority of total PRL (Schlechte
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2002). Prolactin (PRL) in human serum has been classified into three
main species on the basis of molecular mass: monomeric PRL, big
PRL and big, big PRL (bb-PRL), called ‘macroprolactin’, with
molecular masses of 23 kDa, 50-60 kDa and 150-170 kDa
respectively (Smith & Norman 1990). Although the nature of bb-PRL
is heterogeneous, the most common form of macroprolactin is a
complex of PRL and immunoglobulin G (Lindstedt 1994; De
Schepper et al. 2003). Most patients with macroprolactinemia do not
show any clinical symptoms of hyperprolactinemia, such as
amenorrhea,  galactorrhea and  infertility, despite  high
hyperprolactinemic levels and they do not need specific treatment
(Leslie et al. 2001).

Macroprolactin  is recognized, in various degrees, by
immunoassays for PRL and has a slower clearance from serum than
PRL., causing diagnostic confusion in evaluating hyperprolactinemic
conditions. The incidence of macroprolactinemia ranges from 15% up
to 26% of all hyperprolactinemic sera and represents the main cause
of inter assay variability for PRL dosage (Cavaco et al. 1999; Smith et
al. 2002).

In general, big big PRL consists of an antigen antibody complex
of monomeric PRL and IgG. When the serum of a patient with
hyperprolactinemia contains mostly big big PRL the condition is
termed macroprolactinemia. Macroprolactinemia has been recognized
for many years and is suspected when a patient with
hyperprolactinemia lacks typical symptoms and/or has no
radiographic evidence of a pituitary tumor (Hattori and Inagaki 1997;
Whittaker ef al. 1981).
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Macroprolactinemia is seen in both sexes and in children. And
the increase in big big PRL that occur during pregnancy due to
binding of PRL to specific autoantibodies. The incidence of
macroprolactinemia in patients with hyperprolactinemia ranges from
18-42% when samples from reference laboratories are assayed. In
contrast, the incidence of macroprolactinemia in patients from an
endocrinology practice is closer to 10% (Vallette-Kasic ef al. 2002).

If big big PRL is biologically active, the effects may be blunted
because of decreased its bioavailability. The large PRL-Ig complex
may fail to reach receptors because of limited capacity to cross-
vascular  endothelium. Although many patients with
macroprolactinemia lack typical symptoms of an elevated PRL, there
are multiple reports of patients with macroprolactinemia who present
with amenorrhea, galactorrhea, and infertility. In a prospective
analysis, roughly one third of women with macroprolactinemia had
amenorrhea and infertility (Olukoga and Kane 1999; Vallette-Kasic et
al. 2002). Hauache et al. (2002) showed that the presence of
macroprolactin does not totally exclude the possibility of a pituitary
adenoma, but asymptomatic patients with macroprolactin usually have
normal radiographic studies.

Recognizing the presence of macroprolactin may help define the
etiology in patients with idiopathic hyperprolactinemia, and in some
cases recognition of macroprolactinemia might eliminate the need for
extensive diagnostic tests or pituitary imaging. This is especially
important because 10% of healthy subjects have radiographic
evidence of a pituitary adenoma (Aron and Howlett 2000).
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Smith er al. (2002), emphasize the difficulty of detecting
macroprolactin with commonly used PRL immunoassays. They sent
sera from patients with macroprolactinemia to I8 clinical laboratories
in the United States and Europe. In nine assay systems, the difference
in PRL varied from 2.3- to 7.8-fold, and in each case PRL measured
after removal of macroprolactin was consistently lower than PRL
reported by the immunoanalyzer.

Schneider et al. (2001); also noted that PRL assays vary
remarkably in reactivity for macroprolactin. These and other studies
suggest that there is no single PRL assay that will give a normal level
of monomeric PRL in the presence of big big PRL, but that some
assays are better than others. It is surprising that the results from
different assays are so discrepant. It is possible that the differences in
cross-reactivity are due to the nature of the macroprolactin
autoantibody complex, which may mask epitopes that are recognized
by the antibodies in the assay (Olukoga and Kane 1999).

There is no simple method for detection of big big PRL, and
clinicians may not be aware that many commercial assays do not
provide a procedure for detection of macroprolactin. Gel filtration
chromatography is time consuming, expensive, and not used in
clinical laboratories. Polyethylene glycol (PEG) precipitates
macroprolactin, leaving reduced levels in the supernatant. PEG
precipitation is a relatively simple and inexpensive technique but is
not specific or quantitative. A percentage recovery of greater than
65% confirms the presence of monomeric PRL whereas a percentage
recovery of 40% or less is very sensitive for detecting significant

amounts of macroprolactin. Recovery between 40% and 65%
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indicates a sample may contain macroprolactin and oligomeric PRL,
in addition to the monomeric form. In these cases, separation method
such as gel filtration chromatography or electrophoresis would be
necessary to confirm the presence of macroprolactinemia (Olukoga
and Kane 1999; Leslie ef al. 2001).

The presence of macroprolactinemia in a patient with no clinical
suspicion of hyperprolactinemia could obviate the need for a pituitary
magnetic resonance imaging or other testing (Cavaco et al. 1999).

Smith et al. (2002); also noted that some patients with
macroprolactinemia have elevated levels of monomeric PRL and
suggest that the diagnosis of macroprolactin be used only when a PRL
level falls to a level seen in sera from normoprolactinemic subjects
treated with PEG. Although this would help ascertain whether an
excess of monomeric PRL is present along with macroprolactin, it
would require establishment of new reference ranges for all PRL

assays.

1.2.9. The prolactin receptor (PRLR):

The PRLR belongs to the class 1-cytokine receptor family and it
was first identified during the seventies. Class 1-cytokine receptors
are single-pass transmembrane proteins that contain an extracellular, a
transmembrane and an intracellular domain (Ling 2002).

When ligands binding to the extracellular domain, the PRLRs
will homodimerise, resulting in activation of intracellular signaling
systems.

The extracellular region of the PRLR is 210 amino acids (aa)
and contains two subdomains, D1 and D2 (Bole-Feysot et al. 1998).
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These extracellular subdomains are structured into two types 3
fibronectin-like domains that consist of seven antiparallel B-strands
divided into two B-sheets that are connected by a 5 amino acids linker
(Clevenger and Kline 2001). Furthermore, D1 has two pairs of
disulphide-linked cysteins and D2 contains the ‘WS-motif’ (Trp-Ser-
x-Trp-Ser). Rozakis-Adcock and Kelly (1991) have reported that any
mutations in the WS-motif or the cysteins lead to impaired receptor
function. Two extracellular tryptophans, Trp72 and Trpl39, are
reported to be involved in ligand binding. There are three
glycosylation sites in the extracellular domain of the PRLR and
glycosylation of these sites are necessary for directed cell surface
targeting (Buteau er al. 1998). The transmembrane domain is a 24 aa
hydrophobic domain. There are several PRLR isoforms; long,
intermediate and short forms, with different intracellular domains.
Two intracellular regions within the PRLR are relatively conserved,
box 1 and box 2. These regions have been suggested to be important
for PRLR signal transduction. Box 1 is a proline-rich hydrophobic
motif with a Pro-x-Pro sequence. The short PRLR isoforms lack box 2
(Bole-Feysot et al. 1998).

PRL has a multitude of actions in many different tissues and
cells. PRL’s function varies depending on, for instance, the
reproductive stage of the animal. One explanation for PRL’s ability to
perform this large number of biological actions in different tissues
could be the expression of different PRLR isoforms, which is due to
alternative splicing. In both mice and humans, four different
transmembrane PRLR isoforms have been identified (Bole-Feysot et
al. 1998).
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Davis and Linzer (1989) have reported that the mouse PRLR
consists of one long (L-PRLR) and three short forms (S1-, S2-, S3-
PRLR). However, in man, a long (L-), an intermediate (I-) and two
short forms (Sla- and S1b-) have been identified by Boutin et al.
(1989) and Hu et al. (2001) (Figure 1.5).

Kline and Clevenger (2001); have identified in milk of a number
of species, a soluble PRLR correspond to the binding domain of the
receptor. In human serum, the soluble PRLR, functioning as a PRL
binding protein, was demonstrated at 14 ng/ml, and it form
approximately one-third of serum PRL. However, the physiological

role of soluble PRI .Rs in vivo remains unsolved.
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Figure (1.5): The human prolactin receptor gene and the four human prolactin receptor isoforms, L-, I-, Sla-
alnd S1b-PRLR. The human PRLR gene consists of 11 exons (E1-E11). Six alternative E1’s have been
identified. E1, E2 and part of E3 correspond to the 5’-UTR (untranslated region). . E3-E7 corresponds to the
extracellular (EC) region. E8 corresponds to the transmembrane (TM) region. E9-E11 corresponds to the
intracellular (IC) regions of the four different PRLR isoforms. This figure is a modified version of (Hu et al.
1999; 2001; 2002).
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1.2.10. Distribution and regulation of the PRLR:

The PRLR is expressed in a large number of cell types and
tissues. They are widely distributed in many vertebrate tissues. They
are located in the central nervous system, kidney, bladder (fish,
reptiles, amphibians), lymphoid tissues, pituitary, the reproductive
system, the skin, bone tissues, gills (fish and larval amphibians), lung,
heart, skeletal muscle, adipocytes (birds) and liver.

Prolactin receptors are found not only in plasma membrane but
also in endosome Golgi fraction. In rat liver, or lactating mammary
gland, most of the receptors are localized in intracellular membranes
probably because of rapid receptor synthesis and degradation. Also, in
mammary glands, the number of PRL receptors increases markedly in
early lactation (Bole-Feysot ef al. 1998).

The regulation of PRLR expression has been demonstrated to be
under hormonal and physiological control in a number of tissues. For
instance, PRL was found to increase the number of PRLRs in rat liver
(Posner et al. 1975). However, Baxter et al. (1984) suggested that GH,
but not PRL, causes induction of both GHR and PRLR in the rat liver.
Moreover, Marshall ef al. (1978) has demonstrated in their study that
estrogen and testosterone are also involved in the regulation of PRLR
expression in the liver.

At parturition, serum progesterone decreases and PRL increases.
Dijiane and Durand (1977) showed that at parturition, progesterone
inhibits and PRL stimulates PRLR expression in the mammary gland.
They also found a reduction in mammary gland PRLRs when milk
production was reduced. Hayden et al. (1979) confirmed these results.

They found that in the mammary gland, the number of PRLRs was
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low during pregnancy, increased during lactation and declined after
the litter was weaned. In contrast, in the liver PRL binding increased
during pregnancy and decreased during lactation. Jahn ef al. (1991)
has analyzed the Regulation of the long and short PRLR forms in rat
mammary gland and liver, and they found that the short form
increased predominantly in the liver during pregnancy. In contrast,
both forms increased in the mammary gland during lactation. When
pregnant rats were treated with the progesterone antagonist (RU 486),
PRLR mRNA expression increased in the mammary gland but not in
the liver.

In the ovary of rodents, the level of PRLR expression is regulated
during pregnancy by follicle stimulating hormone (FSH) and human
chorionic gonadotropin (hCG) (Clarke and Linzer 1993). In addition,
the PRLR expression increased in the pancreas during pregnancy
(Moldrup et al. 1993). Thyroid hormone was found to regulate the
level of PRLRs in a number of tissues, including liver, kidney, testis
and prostate of male rats (Tiong et al. 1992). Furthermore, in rat
prostate, it was found that PRL, testosterone and estrogen regulated

PRLR expression (Nevalainen ef al. 1996).

1.2.11. Prolactin signal transduction:

The different functions of PRI, in multitudes of cells and tissues
have been related to the expression and regulation of different PRLR
isoforms as well as the utilization of distinct signaling pathways. The
PRL molecule contains two receptor-binding sites, and when exerting

its effects, PRL’s binding site 1 interacts first with one PRLR,
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resulting in a PRL-PRLR complex (Figure 1.6). Thereafter, PRL’s
binding site 2 interacts with a second PRLR, resulting in PRLR
dimerisation and activation (Freeman et al. 2000; Bole-Feysot et al.
1998).

In addition to other members of the cytokine receptor family,
PRLRs lack enzymatic activity and they are therefore associated with
a number of kinases. The family of Janus kinases (JAK), JAKI,
JAK2, JAK3 and TYK2, are involved in cytokine receptor activation.
JAK2 is the primary PRLR-associated Janus kinase and it is
constitutively associated with the PRLR at box 1 in the intracellular
part of the receptor. Box 1 is rich in proline residues and it is believed
to form a SH3 (Src homology region 3) binding domain. However,
because JAK?2 lacks an SH3-domain, the mechanism for how JAK2 is
associated with the PRLR still needs to be evaluated. After ligand
stimulation of the receptor, JAK2 activation occurs within 1 minute. It
was suggested that ligand-induced receptor dimerisation brings two
receptor associated JAK molecules close together, resulting in JAK
activation by transphosphorylation of JAKs tyrosines. Activated JAK2
then phosphorylates tyrosine residues on different target proteins, e.g.
the PRLR. All PRLR isoforms can activate JAK2. However, only
tyrosine residues of the long and intermediate PRLR isoforms are
phosphorylated after JAK2 activation (Clevenger and Kline 2001).
These phosphotyrosines are important in intracellular signaling,
because they are potential binding sites for transducer molecules
containing SH2 (Src homology region 2) domains. Signal transducer
and activator of transcription (Stat) proteins contain a SH2 domain, as

well as a DNA binding domain and a C-terminal transactivating
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domain. There are seven members in the Stat family, and Stat5a and
Stat5b were initially identified as PRL induced mammary gland
transcription factor. The SH2 domain of StatS interacts with active
PRLR-phosphotyrosines, resulting in a PRLR/JAK2/Stat5 complex
where JAK2 can phosphorylate Stat5. Two phosphorylated Stat
molecules then dimerise through SH2- phosphotyrosine interactions
and Stat-dimers translocate to the cell nucleus, where they activate y-
interferon-activated sequence (GAS) motifs in promoters of PRL
target genes (Wakao ef al. 1994; Liu et al. 1995).

Active Stat-dimers can operate in combination with other
transcription factors to regulate the specificity of transcription (Bole-
Feysot et al. 1998; Goffin et al. 2002). PRL can activate other
signaling pathways than the PRLR/JAK2/Stat5 pathway. For example,
PRLRs utilize the Src family of protein tyrosine kinases, including
Fyn, which is constitutively associated with PRLRs (Clevenger and
Kline 2001). The exact role of Src proteins in PRLR  signaling
remains unclear, but Kline ef al. (1999) demonstrated that the human

L-PRLR but not I-PRLR activates Fyn after PRL stimulation.
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Furthermore, the PRLR forms, together with the tyrosine kinase
Tec and the guanine nucleotide exchange factor Vavl, a
Tec/Vav/PRLR complex, with suggested roles in cell proliferation
(Kline er al. 2001). Tec is also involved in activation of the
transcription factor c-fos. In addition, suppressors of cytokine
signaling 1 (SOCS-1) were found to bind to Tec and down-regulate
Tec’s kinase activity. The PRLR can also activate the mitogen-
activated protein (MAP) kinase pathway, where PRLR-
phosphotyrosines interact with adapter proteins like Shc/Grb2/SOS,
which connect the PRLR with the Ras/Raf/MAP kinase pathway.
Active MAPK is translocated to the nucleus, where transcriptions
factors including Myc, Jun and TCF are activated by phosphorylation
(Clevenger and Kline 2001). PRL has also been found to activate
phosphoinositol-3-kinase (PI3K) and insulin receptor substrate |
(IRS-1), with possible implications for PRL in insulin signaling and
glucose metabolism (Berlanga ef al. 1997).

1.2.12. Immunohistochemical localization of prolactin receptor:

The prolactin receptor (PRLR) is a transmembrane protein that
belongs to the cytokine receptor super family, and is expressed in a
wide variety of tissues in addition to the breast (Hennighausen et al.
1997). In the 1970s, evidence for the presence of PRLR in human
breast carcinoma was presented using biochemical binding assays

(Partridge er al. 1979). Subsequently, similar assays were used to

51



Introduction and literature Review

study the prognostic relevance of these receptors in breast carcinoma
(Bonneterre et al. 1987; De Placido et al. 1990).

The prolactin receptor was cloned in 1988 by Boutin ef al. In
1993, Banerjee et al characterized the antibody B6.2, a monoclonal
antibody directed against the extracellular domain of the human
PRLR. This was raised against a membrane enriched fraction from
metastatic human breast cancer cells. This antibody has been used
successfully for the demonstration of PRLR in gastrointestinal and
breast tissue, and non-Hodgkin's lymphoma cell lines. Gill et al.
(2001) have used B6.2 to investigate the expression of PRLR in a
wide variety of normal, benign, and malignant breast tissue sections,
to explore the possible presence of alterations that could be useful in
studying the biology of breast cancer. They suggested that because
prolactin plays an important role in the proliferation and
differentiation of normal breast epithelium, so the higher expression
of PRLR noted in the cells of most benign and malignant breast
lesions, compared with normal cells, could be an important factor in
the pathogenesis of these diseases, rather than a reflection of the high
proliferate activity of the abnormal cells.

Kloehn et al. (2001) have expressed PRLR mRNA at a higher
level in fibrotic and cirrhotic liver specimens. In normal tissue,
immunohistochemical staining showed a high concentration of PRLR
around the central vein and in the epithelium of the bile ducts. This
pattern of distribution was lost in fibrosis and cirrhosis. An
accumulation of PRLR was demonstrated within the damaged cells.
Neither PRL nor PRL mRNA was detectable in normal, fibrotic, or

cirrhotic liver. They conclude that PRLR is distributed in normal rat
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liver in a typical pattern which is lost with increasing fibrosis. PRL is
not produced by rat liver, indicating that PRL does not act through
autocrine or paracrine mechanisms.

Dalrymple and Jabbour (2000) have investigated the expression
and signaling pathway of PRL and its receptor in the non-pregnant
uterus of the common marmoset monkey. They used techniques, in
situ hybridization and immunohistochenmistry to localize expression
of the PRLR to the glandular epithelium of the endometrium. They
concluded that the genes expression of PRL and its receptor is
minimal during the proliferative and early secretory phases. However,
both PRL and PRL receptor gene expression are up-regulated during
the mid to late secretory phase of the ovulatory cycle. The function of
PRL in the marmoset uterus is partly linked to the JAK/STAT signal
transduction pathway.

Dixon et al. (2000) have studied the immunolocalization of
[transforming growth factor alpha (TGF-«) , epidermal growth factor
(EGF) , insulin like growth factor (IGF) -I, vascular endothelial
growth factor (VEGF 4s159.121) , basic fibroblast growth factor (FGF) -
2, EGF receptor (R) , IGF-IRB, and FGFR-1] in uterine leiomyomas
and matched myometrial samples taken from seven women (42-47
years of age) in the proliferative phase of the menstrual cycle.
Immunolocalization of growth factor peptides was accomplished with
either monoclonal or polyclonal antibodies to the amino or carboxy
terminus of growth factor peptides or their respective receptors, or
against full-length recombinant growth factor. All reactions were
conducted using the  avidin-biotin  complex  method.
Immunolocalization of TGF-«, EGF, EGF-R, IGF-I, IGF-IRB, FGF-2,
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FGFR-1, and VEGF was observed in the cytoplasm of smooth-muscle
cells of leiomyomas and matched myometrium. The cytoplasm of
vascular smooth-muscle cells expressed TGF-«, EGF, EGF-R, IGF-I,
IGF-IRB, FGF-2, FGFR-1, and VEGF, whereas the vascular
endothelium was positive for TGF-«, EGF, EGF-R, FGF-2, and
FGFR-1 in both leiomyomas and matched myometria. Fibroblasts
within the fibrous component of some leiomyomas were positive for
IGF-I and FGF-2 and minimally positive for FGFR-1. In addition, the
extracellular matrix of leiomyomas showed focal localization of FGF-
2 and IGF-I in some tumors. When scores of intensity and percent
positive staining were compared, IGF-IRB was significantly increased
in the leiomyomas compared to match myometria, whereas EGF was
significantly decreased in the uterine leiomyomas compared to
matched myometria. They propose that different growth factors,
growth factor receptors, and signaling pathways are coordinately
turned on and off throughout the menstrual cycle and throughout the
life span of the tumors, and that one growth factor/receptor pathway
alone is not solely responsible for the growth of these tumors. This
has been shown with IGF-1 and myometrial smooth-muscle cells, in
that IGF-I alone is a weak mitogen for uterine smooth-muscle cells;
however, in combination with EGF and PDGF-BB there is significant
smooth muscle cell growth (Tang et al. 1994).
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Subiects, Materials and Methods

Z. Subjects, viateriais and methods:

Z.1. Subjects:

Sixty-two women patients were collected from 4 hospitals (Al-
Khadimyia Teaching Hospital, Al-Noor, Al-Kharch and Al-Saadoon
Hospital- Baghdad).

Those patients were diagnosed previously by their physicians as
patients with uterine fibroids after proper physical and gynecological
examination and confirmed by ultrasound findings. They were prepared for
laparatomy either for Total Abdominal Hysterectomy or Myomectomy.

Nine out of 62 uterine leilomyoma patients (14.52%) were excluded
from this study. One of them had breast cancer and underwent a
chemotherapy treatment; another had thyroidectomy, 6 with adenomyosis
and one with micropituitary adenoma.

Also, a myometrium sample was obtained from non-uterine
leilomyoma patients (40 pregnant women underwent cesarean as a healthy
control to be compared with the myometrium of the same uterine leilomyoma
patient. No blood sample was taken from those pregnant women because

their serum PRL level is already higher 10 folds than the normal level.

2.2. Chemicals:

All laboratory chemicals and reagents used in this study were of

Analar grade unless otherwise specified and were obtained from BDH

limited Pool, U.K.
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2.3. Instruments:

The instruments used during this study were:

e Spectrophotometer [CE1011; UV and visible; Instruments
Cambridge, England].

e PH meter [METTLER TOLEDO; MP220; pH meter; England].

e Micro centrifuge [Micro Centaur; MSE; United Kingdom]

e (Cooling centrifuge [Biofuge 17S Heraeus; SEPATECH;
Germany].

e Homogenizer [KINEMATICA Gmbh; Scientific Technical
Supplies; D-6072 Dreieich- Germany].

e MSE MINOR 35 Centrifuge; United Kingdom.

e VORTEX-GENIE TM ([Scientific industries, INC. Bohemia,
NY, 11716 USA].

e Sartorius balance [SARTORIUS AGGOTTINGEN BL210S;
Germany].

e Electrophoresis system [EISCO; H.T. Power Supply; Made In
India].

e Digital Compact Camera [OLYMPUS; CAMGDIA C-60
Zoom; Made in China].

e Mini VIDAS software version VICPTC-R310.051 [bioMérieux

/ France].
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2.4. Buffers:

A stock [Tris (hydroxymethyl) aminoethane] buffer solution (0.1 M)
was prepared by dissolving 12.114 gm/L of the salt (CaHiiNO3, Mwt.
121.14) in distilled water.

A (0.02 M) Tris buffer with pH 7.4 was prepared from this stock
solution using a (0.1 N) HCL for adjustment of the pH (Dawson et al. 1978).

2.5. Serum Collection:

Ten milliliters of venous blood were aspirated from LM patients just
before operation, left to clot, and then centrifuged. Part of it was used for
measuring the serum PRL level at the same day of operation by using the
Prolactin Kit (Biomérieux); [measurement range of the VIDAS PRL kit is
0.5-200 ng/ml]. The range of expected values for the normal menstruating
women is (5-35 ng/ml).

Prolactin level was considered normal up to 35 ng/ml. Patients after
operation with abnormal serum PRL level (>35 ng/ml) were sent to the
Magnetic Resonance Imaging (MRI) or Computerized Tomography (CT) to
examine their pituitary .

All serum samples were treated with polyethylene glycol (PEG) to
precipitate the big big PRL (high molecular weight PRL) if present. The
precipitating method was carried out within 15 days of collection.

Disk gel electrophoresis method was used to determine the molecular
weight of serum PRL.

Biuret method was used to estimate total protein in sera.
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2.6. Tissue collection:

Uterine Fibroids (leiomyomas) introduced in this study were
identified grossly at surgery and confirmed by histological examination to be
fibromatous leiomyomatous tissue.

Uterine leiomyoma were immediately immersed in ice-cold saline
solution (0.9% NaCl) after recording their dimensions, types, and localized
their position in the uterus.

Leiomyomas were dissected free from surrounding myometrium.
When two or more leiomyomas were present in the same uterus, samples
from several of them were pooled and diced (Daly et al. 1984).

A myometrium sample from the same leiomyoma patient also was
taken. Also these myometrium tissue samples were immersed immediately
in ¢cold saline as described for leiomyoma samples.

Tissue samples were kept at —20°C before processing up to 2 weeks.
Then they were weighed, and sliced with scalpel in Petri dish standing on
ice. Slices were thawed and minced with scissors, then homogenized with
(0.02) M Tris buffer pH 7.4 with a ratio of 1:3 (w:v) tissue to buffer solution
using a mechanical homogenizer (Saif Allah 2000).

The homogenate then was filtered through ten layers of nylon gauze,
and centrifuged in cooled centrifuge at 4°C in order to precipitate the
remaining intact cells and the intact nuclei at 4000 xg for 30 minutes (Rao
1986), where xg express the relative centrifuged force by applying the
following relationship (Burtis and Ashwood 1999):

RCF =1.118x10” x r x (rpm)°
Where RCF : relative centrifuged force (xg); r :radius (cm); rpm : round

per minute
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Tissue supernatant of leiomyoma(s) or myometrium was then used to

estimate the PRL level, total protein, treated with polyethylene glycol and
determine the molecular weight as done for serum.

Figure (2.1) shows the processing steps done for both serum and tissue
samples in patient group.

Figure (2.2) shows the processing steps done for the control
myometrium.
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Leiomyoma Patient

—
Pre-operation H/M
Blood Sample [ MyometriumJ [ Leiomyomaf(s) '
(10 ml) e s |
Histochemical
Staining for PRLr
Centrifuge '
Homogenate
(1:3) (w:v) Tris buffer pH7.4
[ Sernm
I Nylon gauze filtration

PRI, estimation T
Level Cool centrifuge 4°C |
4000xg (30 min)

Pituitary image by
MRI/CT scan

[ "l Total protein l

] 1

[ Supernatant ]

o —

Abnormal Normal

;_l PRI. estimation
Pituitary Image pitaitary Image

level

Excluded l o Recovery PRL%

by PEG 8000
Continue
Processing with PRL MWt. by
Patient serum disk
I electrophoresis
LTotal protein l Recovery PRL%
' by PEG 8000
PREL MWt.
Lby disk electrophoresis

Figure (2.1): processing steps done for both serum and tissue samples in
patient group.
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j Control sample
| Pregnant under cesarean

| ]

No serum Sample l Myometrium [

Homogenate
(1:3) (w:v) Tris buffer pH7.4

Nylon gauze filtration l

4000xg (30 min)

Cool centrifuge 4°C ‘

Supernatant

Total protein

PRI, estimation
L.evel

Recovery PRL%
by PEG 8000

PRL MWt. by
Disk electrophoresis

Figure (2.2): Processing steps done for tissue sample in control group.
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2.7. Macroprolactin screening method:

All serum and tissue supernatant samples were processed as follows:

The high concentration of polyethylene glycol (PEG) precipitate
macroprolactin (big big) from serum, the precipitation method was carried
out by adding 200 pl of serum or tissue homogenate supernatant to 200 pl of
250 gm/L PEG 8000 solution (in distilled water, kept at 4°C), mixed for 1
minute with a vortex mixer. The mixture was centrifuged for 5 minutes at
room temperature at 9500 xg and again the amount of PRL in the
supernatant was determined using the same miniVIDAS. The PRL recovery

was calculated according to the following formula (Cattaneo et al.2001):

PRL level after PEG precipitation
X100

PRL level before PEG precipitation

Recoveries >65% are classified as predominantly monomeric and
recoveries of <40% as predominantly high molecular weight forms
(macroprolactin). Values between 40-65% were classified as indeterminate

and they were all submitted to gel electrophoresis.

2.8. Determination of prolactin molecular weight:
A method of disk gel electrophoresis in sodium dodecyl sulphate

(SDS) was used to determine the molecular weight of prolactin in both

serum and tissue homogenate supernatant (Figure 2..3).
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Figure (2.3): Disk gel electrophoresis system

Gels containing 3% (stacking gel), 8% or 10% acrylamide were
prepared from a stock solution of 30% by weight of acrylamide and 0.8% of
N,N’-bis-methylene acrylamide. The final concentration in the separation
gel were as follows: 0.373 M Tris-HCL (pH 8.8) and 0.1% SDS. The gel
was polymerized chemically by the addition of 0.025% by volume of
tetramethylethylenediamine (TEMED) and ammonium persulphate.

Ten cm gels were prepared in glass tubes of a total length of 15 cm and
with an inside diameter of 6 mm. The stacking gels of 3% acrylamide and a
length of 1 cm contained 0.125 M Tris-HCL (pH 6.8) and 0.1% SDS were
polymerized chemically in the same way as for the separating gel. The
electrode buffer (pH 8.3) contained 0.025 M Tris and 0.192 M glycine and
0.1% SDS. The samples (0.2-0.3) ml contained the final concentrations
(“final sample buffer”): 0.0625 M Tris-HCL (pH 6.8), 2% SDS, 10%

glycerol, 5% 2-mercaptoethanol and 0.001% bromophenol blue as the dye.
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The proteins (PRL samples) were completely dissociated by
immersing the samples for 1.5 minutes in boiling water.

Electrophoresis was carried out with a current of 3 mA per gel until
the bromophenol blue marker reached the bottom of the gel (about 7 hours).
The proteins were fixed in the gel with 50% trichloroacetic acid (TCA)
overnight, stained for 1 hour at 37°C with a 0.1% Coomassie brilliant blue
S-250 solution made up freshly in 50% TCA. The gels were diffusion-
destained by repeated washing in 7% acetic acid (Laemmli 1970). A protein
standard kit (Promega; Low and high-range protein molecular weight
markers ranging from 14 up to 150 kDa molecular weight) were used and

applied for gel electrophoresis at the same time of sample processing.

2.9. Specimen Collection and Preparation for Prolactin

Receptor Analysis:

Routinely processed, formalin fixed paraffin embedded tissues is
suitable for use with the monoclonal antibody to prolactin receptor (quartett
Cat. # 161803701) when used with BIOCARE detection kit and DAB500
Chromogen System (Cat. # DB801R). The recommended tissue fixative is
10% neutral buffered formalin (Sheehan and Hrapchak 1980).

Each section should be cut at approximately Sum thickness and
placed on positively charged glass slid.

Staining of formalin/paraffin tissues requires digestion with pepsin

Img/ml Tris-HCL. Cat. # 401603799 for 15 min at room temperature.
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3. Results:
In this study the data were based on the analyses of 2 study groups:

First group (GI): consist of 53 out of 62 leiomyoma (LM) patients
(85.48%), age range (31-49) years. All patients included in this group were
with normal pituitary image.

None of those patients was on any drugs known to increase serum
prolactin level in the last 6 months.

None of them was known to complain of diabetes mellitus, pituitary,
and thyroid, renal or psychiatric disease.

Eighteen patients (33.96%) were under hysterectomy and 35 patients
(66.04%) were under myomectomy.

Eighty-six leiomyoma samples with different uterine sites were

harvested from 53 patient women.

Second group (G2): Forty pregnant women were taken as a normal control
group underwent cesarean for maternal or fetal cause comparable to their
age group, age range between 19-45 years and mean age was 32 years. None
of them had leiomyoma (which was confirmed by ultrasonagraphy).

3.1. Risk factors associated with developing uterine leiomyoma:

Table (3.1) shows risk factors associated with developing uterine
leiomyoma. The mean age for LM patients and age of menarche were found
(39.9+5.5) (13.1:0.6) years respectively.

All LM patients were more frequently overweight/obese; their mean
BMI was (28.4+4.7) Kg/m’.

None of patients were smokers, and they were all not on an oral
contraceptive (OC).
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Nine out of 53 LM patients (16.98%) were single, while 44 (83.02%)
were married. Thirty-one out of 44 married patients in this study had 1-4
times parity which represents the highest percentage among them (70.5%).
Only 8 patients had 5 or more times parity (18.2%) while the lowest
percentage was among those 5 LM patients with nulliparous (11.3%).

Table (3.1): Distribution of the study sample by mean and percentage of
different variables.

MeanxStd. D. Percentage (%)
Age (vears) 39.945.5
Age at menarche (years) 13.1£0.6
BMI (Kg/m’) 28.4+4.7
Smoking ———— —— -
Oral contraceptive users o --e--
Marital status
Single | = - 9(16.98)
Married —————- 44 (83.02)
Total patients 53 (100.0)
Parity
Nulliparous | == 5(11.3)
4 | e 31(70.5)
25 - 8(18.2)
Total Percentage 44 (100.00)
Std.D. =Standard Deviation
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3.2, Prolactin in patient and control groups:

Table (3.2): Mean standard deviation of prolactin in serum,
leiomyoma and myometrium of patient group comparing with mean
standard deviation of prolactin in control myometrium.

N Meanzstd.D.
Patient 53
Leiomyoma PRL (ng/mi) | 86 18.2=14.0
Myometrium PRL (ng/ml) i 53 8.0+£3.3
Serum PRL ~ (ng/ml) | 53|  143.1£106.9 |
Control*  myometrium PRL (ng/ml) | 40 6.7£2.6

SILD.=SIANAAra Devianon, (=) N0 Serum Sampie was 1aken 1rom inis group DeCaiise aiicauy wnc
prolactin level in a pregnant woman is higher 10 folds than the normal.
Note: Mean serum prolactin for healthy menstrual women was found 18.6+2.3 ng/ml.

In table (3.2), LM patients shows a high mean value of PRL level in
their serum which is equal to (143.1£106.9) ng/ml compared with normal
serum PRL level range in healthy menstrual women (5-35 ng/ml).

The mean PRL level of LM was greater than the PRL of myometrium
in same patient group (18.2+14.0) (8.0+3.3) ng/ml respectively. while mean

of PRL in the myometrium of control group was found (6.7+2.6) ng/ml.

3.2.1. The relation between PRL levels in both patients and

control tissues:
By using the r-zest, table (3.3) shows the amount of significance value

found between PRL among tissues of patient and control groups.
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Table (3.3): Sample 7-fest between prolactin patient and control groups.

P value

l
1

Uterine LM PRL + patient myometrium PRL (ng/mil) < 0.0001

Uterine LM PRL + Control myometrium PRL (ng/ml) | < 0.0001

Patient myometrium PRL + Control myometrium (NS)
PRL (ng/ml)

| g ml—(f\j /M\)

(NS)= Not significant.

A highly significant value was found (P<0.0001) between the LM
PRL and the myometrium PRL in same patient as shown in table (3.3). The

positive correlation between LM PRL and myometrium PRL is shown in

figure (3.1).

éo
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Figure (3.1): Scatter plot for correlation between LM PRL and
myometrium PRL of same patient.

vy

The relation between LM PRL and control myometrium PRL was
highly significant (P<0.0001) (Table 3.3).
No significance was found between the PRL of patient myometrium

and the control myometrium (Table 3.3).
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3.2.2. The relation between leiomyoma prolactin, size and

serum prolactin in patient group:

Table (3.4): Sample t-fest between leiomyoma prolactin, size and
patient serum prolactin.

P value
Serum PRL(ng/ml ) +LM PRL (ng/mil) <0.0001
Serum PRL (ng/ml) + LM size (cm’) <0.0001
Serum PRL/LM PRL +LM size (cm’) <0.0001
LM PRL (ng/ml)+LM size (cmr’) 0.015

A highly significant value was found between patients serum PRL and
their LM PRL (P<0.0001) as shown in table (3.4). This significance had a
positive correlation (Figure 3.2) when it applied in a scattered plot.
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Figure (3.2): Scatter plot with positive correlation between patients
serum PRL and their LM PRL.
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Patient serum PRL also was found to have highly significant value
(P<0.0001) with the size of LM (Table 3.4). And figure (3.3) shows the
positive correlation between them in a scatter plot.
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Figure (3.3): Scatter plot with positive correlation between serum PRL
and the LM size.

Serum PRL to LM PRL ratio of same patient gives a highly
significant value (P<0.0001) with the LM size (Table 3.4).

A significant value (P<0.05) was found between LM(s) PRL and their
size. This significance had also a positive correlation as shown in figure
(3.4).
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Figure (3.4): Scatter plot with positive correlation between LM PRL and

LM size.

3.3.

33.1.

serum and tissues:

Prolactin profiles:

Prolactin profiles and their molecular weights in

Table (3.5) shows the percentage of each PRL isoform found in
serum, LM and myometrium of same patient group comparing with PRL

isoform found in the myometrium of control group.

Table (3.5): Prolactin isoforms in both patient and control groups.

Patient Control
Prolactin Serum Uterine myomelrium | myometrium
isoforms leiomyoma
Monomeric (30)56.6% (63)73.3% (45)84.9% (32)80.0%
PRL
Big PRL (22)41.5% (23)26.7% (8)15.1% (8)20.0%
Big big PRL (1)1.9% ———— s | ksazass
Total (53)100.0% (86)100.0% (53)100.0% (40)100.0%
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The predominant PRI. isoform found in this study was the MONOMeric
PRL as shown in table (3.5). Monomeric PRL was found in both patient and
control groups.

Serum of 30 patients out of 53 (56.6%) were with monomeric PRL,
while (73.3%) and (84.9%) represents the percentage of monomeric PRL in
their LM and myometrium respectively. Also 32 (80.0%) out of 40 control
myomerium had monomeric PRL isoform.

Big PRL isoform represents the second PRL isoform found
predominantly in both groups. 22 (41.5%) out of 53 LM patients had big
PRL isoform in their serum. Tissues (LM and myometrium) of same patient
group as well as myometrium of control group had also big PRL isoform
with percentages (26.7%) (15.1%) and (20.0%) respectively.

Only one patient serum sample out of 53 had big big PRL isoform.

And no big big PRL was found in tissues of patient and control groups.

3.3.2: Prolactin molecular weight:

To evaluate the molecular weight (MW1.) of each PRL isoform in both
patient and control group, samples were underwent disk gel electrophoresis
technique and then all separated result images were introduced in the
PhotoCaptMWt. Program to calculate the PRL MW1.

Figure (3.5) shows the separated bands by disk gel electrophoresis

technique.
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8) ()

Figure (3.6): Disk electrophoresis images underwent PhotoCaptMWt.
program for calculating the observed bands molecular weight.

(a): 1,2,3, and 4 represent protein standard bands (150, 80, 20, and 14)
kDa respectively.

(b): image of single band of monomeric PRL isoform found in normal
control myometrium sample.

(¢): image of double bands (1 and 2) represented monomeric and big
PRL bands respectively in normal control myometrium sample.

All calculated MW1. results were compared with the recovery PRL
percentage |dividing the post-PEG PRL level by the pre-PEG PRL level] as
shown in Table (3.6).
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Table (3.6): Comparison between the recovery PRL percentage and the
calculated molecular weight in both patient group and control group,
were R%=recovery PRL percentage, MWt. = molecular weigh

i } Monomeric ‘ Big Bighig
: | R% MWt l R% MWrt. R% MW
I (kDa) 1 (kDa) (kDa)
: 776482 249+97 153.64_»7_7 7164157 1905 2015
= x
N |
» : 165+45
|
l I
T R0.5+8.3 16.5+45.0 59.5+44  70.5+112 = cmeemeeeeee
S |
: |
L
A
l 1
|
x | 892452 16.7+69 | 629=154 78.5+14.9 SRS
=
£ |
z v
2 |
S |
£ |
|
! |
g | 87.0427 167457 | 549485 7441132 wmmmeeeenees
- | B |
[ o '
|8 |2 |
s |8 |
o N R ' |
|
I |

As shown in table (3.6), serum, LM and myometrium of same patient
group had monomeric PRL isoform. Two types of monomeric PRL isoforms
were found in patients serum, [24.9+9.7 and 16.5 +4.5] kDa. While the LM

and myometrium PRL of same patient group had monomeric isoform with
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Mwt. 16.5 £5.0 and 16.7 6.9 kDa. Control myometrium was also found
with 16.7+5.7 kDa molecular weight.

The big PRL isoform was found with 71.6+15.7, 70.5 +11.2 and
78.5+14.9 kDa for serum, LM and myometrium respectively of same patient
group.

Big PRL isoform was also found in control myometrium with Mwt.

74.4+413.2 kDa.

The only big big PRL isoform found in this study was in one patient's

serum with Mwt. 201.5 kDa.
All these calculated Mwt(s) in serum and tissues of both study

groups were matched with their expected isoforms from the recovery PRL

percentage.

3.4. Correlation between different sites of leiomyoma with

their sizes:
In this study, 86 LMs were collected from different uterine sites of 53

patients as shown in table (3.7).

Table (3.7): Sizes, sites of leiomyoma(s) in patient group.

Léi(;myoma Patient Leiomyoma Leiomyoma
site Number Number Size range
(em’)
Intramural 24 41 0.67-136.5
Subserosal 10 24 0.09-12.02
Submucousal 7 9 3.98-6.0
Broadligament 6 6 1-88.03
Cervical 6 6 56.0-56.05
Total 53 86 —
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Forty-one intramural LMs were collected from 24 patients, 24
subserosal LMs were taken from 10 patients, 9 submucousal LMs were
taken from 7 patients, 6 broadligament LMs were collected from 6 patients
while 6 cervical LMs were taken from 6 patients. Figure (3.7) shows the
patient percent distributed according to their LM site.

Some patients may have LM(s) accumulate in one uterine site, while
others may show LM(s) in many different sites.
The size of these LM(s) was ranging from 0.09 cm’ to 136.5 cm’ as

showing in the same table.
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Figure (3.7): A histogram chart shows leiomyoma patient percent
distributed according to their different leiomyoma sites.
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Table (3.8) shows the correlation between different sites of LM with
their sizes. It was found that there is a highly significant correlation between
the subserosal, broadligament and cervical LM PRL with their sizes (P<
0.01), and a highly significant negative correlation between submucousal
PRL and its size (P<0.01).

Also it was found that the submucousal PRL has a negative significant
correlation with both cervical PRL and cervical size (P<0.05), while the
submucousal size has a positive correlation with them (P<0.05). The
broadligament PRL and its size has a significant correlation with cervical

PRL and its size (P<0.05).

-82-



Results

Table (3.8): Correlation between prolactin of different sites of leiomyoma with their sizes.

— - = -
<5 [T~ | . E : : : z g
mw =5 | - |8 |8 - |&% mwwmmn 3
et ~ E $ E L E E 2 = ) 2 E “

£2 |E¢ (239 |2¥ 23% [s% |BE® By |E: |:%
L f-» =2 nE @ @ = @ @ maE ) 0e (& B

Intramural

PRL(ng/ml)

Intramural -.134

size ﬁn.._..v 522

Subserosal -117 - 106

PRL (ng/ml) .689 719

Subserosal 011 -151 807

size(cm’) 969 606 .000

Submucousal 172 -152 -.395 091

PRL (ng/ml) 658 .696 293 816

Submucousal -112 072 461 -151 -976

size(em” 774 853 212 698 000

Broadligament 556 106 495 -.623 =711 .696

PRL (ng/ml) 252 .842 318 .186 113 125

Broadligament 555 10 497 -.623 -.709 694 1.000

size(em”) 253 836 316 186 114 126 .000

Cervical PRL 571 -458 122 -.540 -.881 818 830 828

(ng/ml) 237 361 818 269 021 046 041 042

Cervical size 571 -458 122 -.540 -881 818 830 828 1.000

( m’) 237 361 818 269 021 046 041 042 000

‘Correlation is significant at the 0.01 level;
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3.5. Immunohistochemical study of prolactin receptor:
The haematoxylin (H) and eosin (E) stains were used to confirm the
presence of uterine leiomyomas in tissue sections. Figure (3.8) shows the

stained uterine leiomyomas sections of patients with their myometrium.
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Figure (3.8): Haematoxylin and eosin stained sections for: (a, b, ¢, and d): uterine
leiomyoma sections. (¢): patient's myometrium. (f): control myometrium.
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PRLR positivity was seen in all cases examined including patient and
control tissues. in the form of dark brown staining (Figure 3.9) were formed as a
result of reacting the monoclonal antibody of prolactin receptor with the
extracellular portion of the receptor. Staining was heterogenous and varied in

intensity from one case to another and sometimes from one area to another in

the same section.

(¢) (d)

Figure (3.9): Brown spots indicated the location of prolactin receptors at
tissues membrane using monoclonal antibody:

(a and b): uterine leiomyomas sections.

(c): patient myometrium section.

(d): control myometrium section.
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4. Discussion :

4.1. Risk factors associated with developing uterine

leiomyoma:
In this study as shown in table (3.1), the mean age of patient group

was 39.9+5.5 years which refers that LM patients of this study were
during their reproductive age (pre-menopausal). This result is agrees
with Cramer and Patel, 1990, when they mentioned that uterine LM are
the most common gynecologic neoplasm, occurring with a remarkable
frequency in more than 70% of reproductive age women. Also Cheryl et
al. 2001 reported that risk increases with age during the premenopausal
years, but tumors typically regress and/or become asymptomatic with
menopause. Gordon et al. 2003; refers to that estrogen has been
traditionally proposed as the primary promoter of uterine leiomyoma
growth. And this supposition was based in part upon the clinical
observations that fibroids occur only after menarche and develop during
the reproductive years.

Mean age at menarche was 13.1+0.6 years. This finding agrees
with Cheryl 2002 who reported that at this early age there would be
increase in overall exposure to circulating ovarian hormones and so
increasing of risk associated with LM growth.

Leiomyoma patients in this study had mean BMI 28.4+4.7 kg/m”.
This mean value is approximately near the obese value >29 kg/m’
[normal BMI=19-25 kg/m’], were there is an increasing level of
circulating estrogen through aromatization of fat stores. Cheryl 2002 also
mentioned that obesity has been linked to an increased risk for LM. Also
Ross ef al. 1986 have mentioned that risk was strongly related to weight,
women who weighed less than 55 kg had a particularly low risk, and
overall the risk rose roughly 21% for each 10 kg.
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None of this study patient was smoker, or being an OCs user. So,
this will agree with increasing the risk for developing uterine LM, as
Cheryl 2002 mentioned that smoking, use of OCs were identified as
protection factors.

Ross ef al. 1986 reported that those who smoke 20 cigarettes a day
had a risk roughly two thirds that of non-smokers. Risk also decreases
consistently with increasing duration of OC use; the risk of fibroids was
found to be reduced by some 31% in women who had used OC for 10
years.

In this study, those 44 married patients have parity ranging from
nulliparous to >5 parity. From table (3.1), the highest percentage (70.5%)
was found among those patients with parity (1-4), while the lowest
percentage (11.3%) was found in patients with nulliparous.

Ross et al. 1986 referred to pregnancy as one of risk factors
associated with a decreased risk of developing LM, and in case of
pregnancy, the risk of developing LM in parous women is approximately
half of nulliparous women and it decreases the risk of fibroid with
increased number of pregnancies. But Cheryl ef al. 2001 said that studies
that report changes in existing LM during pregnancy are not consistent.
Some tumors grow, others shrink, but many show little change. Thus the
mechanism(s) by which increasing parity might reduce the risk of fibroids
are not understood, dissection of factors responsible is of importance, as
the biological basis of this protective effect could yield valuable
information with potential implications for therapy. The highest
percentage found among those with 1-4 parity instead of nulliparous
women is agrees with Cheryl e al. 2001 findings.

Lauren et al. 2004 also reported that overweight or obesity
appeared to attenuate the inverse association between parity and uterine
LM. This agreed with the finding of this study in which LM patients were
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more likely overweight or obese and those with nulliparous or >S5 parity

had percentage lowest than those with 1-4 parity.

4.2. Prolactin in patient and control groups:

4.2.1. The relation between prolactin levels in patient and
control tissue:

Mitchell et al. 1989 have reported that LM PRL secretion is
significantly greater than myometrial PRL secretion for the same patient,
and they found that LM PRL secretion increased with time whereas
myometrial PRL secretion did not. This finding agrees with the mean
results of this study as shown in table (3.2) in which the amount of PRL
in LM was greater than myometrium PRL of the same patient and greater
than the control myometrium PRL, while no significant differences was
found between patient and control myometrium PRL. Also these results
were confirmed by using the paired sample t-test as shown in table (3.3)
and reached that there is a highly significant differences between LM
PRL and myometrium PRL of the same patient as well as with the control
myometrium (P<0.0001). No significance difference was found between
patient and control myometrium PRL.

Daly ef al. 1984 said that leiomyoma has the ability to synthesize
prolactin which increases the evidence that cells of mesenchymal origin
that arise near the paramesonephric ducts have a latent ability to express
the genome for prolactin synthesis, and the appearance of prolactin
synthesis in leiomyoma in-vivo suggests that this potential genome
expression is activated either in smooth muscle cells or stromal cells

during the transformation of normal cells to leiomyoma cells.
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4.2.2. The relation between leiomyoma prolactin, size and
serum prolactin in patient group:

As mentioned in table (3.4), there is a high relative association
between the patients serum PRL and their LM PRL as well as between
patients serum PRL with the LM size. Patient's LM sizes in this study
were ranging between 0.15 ¢cm’ up to 100 cm’. From these findings,
serum of LM patient can be used as a marker for detecting the presence
of fibroid and monitor its development depending on the level of serum
PRL especially when it gives a high level in women with no pituitary
adenoma.

In 1992, Chien ef al., have studied the ectopic production of PRL
in uterine cervical carcinoma, they found that during the early stages of
cancer, the degree of PRL elevation in serum and incidence of abnormal
PRL levels are much greater than those found for carcinoembryonic
antigen, which is generally considered to be a circulation cervical tumor
marker. They considered that ectopic PRL production as a potential
marker for detecting early occult tumor or for gauging the effectiveness
of therapy for human cervical carcinoma.

Bhatavdekar ef al. 2001 also studied the ectopic production of PRL
by colorectal adenocarcinoma, and by assaying the circulating PRL and
carcino embryonic antigen using immunoradiometric assay and
radioimmunoassay Kits, respectively in preoperative blood and tumor-
draining venous blood samples of colorectal carcinoma patients. They
had concluded that these multiple approaches confirmed that PRL is
produced by colorectal carcinoma cells and by looking at its prognostic
value and correlation with disease activity; il may provide a new insights

into treatment for patients with colorectal carcinoma.
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Also, Amon et al. 2000 found that serum PRL levels decrease
following hormonal or chemotherapy in patients with breast cancer.
Therefore, they suggested that PRL may be used in the management and
follow-up of patients with breast cancer by playing the role of a serum
tumor marker.

4.3. Prolactin profiles and their molecular weights in
serum and tissues:
4.3.1. Prolactin profiles:

Monomeric PRL was found to be the most predominant PRL
isoform exist in LM patient and the control group (Table 3.5). This
agrees with Ben-Jonathan e al. 1996 who mentioned that explants of
normal myometrium as well as proliferative leiomyomas (fibroids)
secreted immunoreactive PRL (monomeric isoform) into culture medium.

Bigbig PRL isoform was not found in patient tissues or control
myometrium. But it was found only in one patient serum. This isoform
did not appear lonely, it was found with both monomeric and big PRL
isoforms in the same patient serum (Table 3.5).

This bigbig case can be considered as the first one found among
LM patients. No cases or reports were found during the study search that
had bigbig PRL isoform in LM patients.

In the 1980s, macroprolactinaemia was first identified as a new type
of hyperprolactinemia. It was found to occur in 8+2.5% of patients with
hyperprolactinaemia. This entity was defined by the bigbig PRL isoform
being the only or the predominant form and was claimed to be poorly
symptomatic and idiopathic. Although the nature of these large forms is
still under debate a tumoral origin has been suggested (Leslie e7 al. 2001;
Valette-Kasic et al. 2002).
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It has been known that, patients with bigbig PRL do not show any
clinical symptoms of hyperprolactinemia (those who have abnormal
serum PRL level >35 ng/ml), such as amenorrhea, galactorrhea, and
infertility, despite high hyperprolactinemic levels and they do not need
specific treatment (Cavaco ef al., 1999), and because the predominant
PRL isoforms were monomeric and big PRL, those forms were known to
be active forms.

Suliman ef al, 2003, have reporied that hyperprolactinemia is
characterized by the presence of excess monomeric prolactin in serum.
This finding agreed with serum results among the patient group whom
have abnormal serum PRL level >35 ng/ml in this study.

They also said that macroprolactinemia can be defined by the
presence of excess serum macroprolactin together with non pathologic
monomeric PRL concentrations. So their finding agreed with the study
result from which bigbig PRL (macroprolactin) isoform found in LM
patient was together with monomeric and big PRL isoforms.

In addition to that, the macro PRL isoform is only found when
there is large amount of PRL aggregation and conjugated with 1gG. There
is no reason can be given till now by researchers as an explanation about
this inactive form, only that appearance of this isoform is due to the renal
delay clearance which is due to its large molecule (Suliman et al., 2003).

Corbacho et al., 2002 have reported that PRL does not circulate as
a single molecular species but as a family of related proteins. Circulating
PRL in humans appears to consist of 5 isoforms: the classical 23 kDa
molecule, a glycosylated PRL of 25 kDa, a 16 kDa fragment of PRL,
dimmers of 50-60 kDa (big PRL), and aggregates of >100 kDa (bigbig
PRL).

They mentioned that the actions of different members of the PRL

family on angiogenesis provide one of the clearest examples directly

-9 -



Discussion

relating PRL functional diversity to its structural heterogenecity. So, full
length PRL was considered to be inactive on blood vessel growth until
showed its potential as a proangiogenic factor. Conversely, the
enzymatically cleaved 16 KDa N-terminal fragment of PRL has a well
defined anti-angiogenic effect.

4.3.2: Prolactin molecular weight in patient and control

group:
Gel filtration technique was not used because it is difficult,

expensive not recommended to be used nowadays (Mounier et al. 2003).
It is also relatively insensitive requiring high levels of PRL, and since big
and bigbig PRL forms represent only (6.1-42%) of the total PRL
immunoreactivity and this agreed with what Blacker ef al., 1994
reported.

The predominant PRL isoform found in this study was the
monomeric with molecular weight varying between 16 up to 25 kDa for
both serum and tissues. This help explanation that PRL secreted from the
LM is from the same source of smooth cell myometrium. The abnormal
level of serum PRL in patient group, which is predominantly consisting
of the monomeric with mean MWt. of PRL 16.544.5 kDa, is due to the
ectopic PRL production of the LM, although, we can see, the monomeric
MWL. in serum PRL found 24.9 kDa which is greater than that found in
the tissues. Also it has big PRL isoform with mean MWt. of 71.6+15.7
kDa.

The 16 kDa prolactin is a PRL fragment retains PRL-like effects; it
is mitogenic in the pigeon Crop-sac and in the Nb2 lymphoma cell
bioassays. It has mammary mitogenic activity in the rat in vivo and it is
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both mitogenic and lactogenic in rat mammary cells in culture (Clapp et
al., 1988).

16 kDa PRL could reach the circulation from different sources,
including the pituitary gland and extra pituitary tissues (Corbacho et al.
2002).

The predominant PRL isoforms found in the control group were
both monomeric and big PRL with mean MWt. of (16.7+5.7, 74.4+13.2)
kDa respectively. And because this group consist of only pregnant
women haven't any uterine fibroid, this result agreed with Corbacho et al.
2002 when reported that the concentration of 16 kDa PRL was elevated
in pregnant women close to the day of delivery.

4.4. Correlation between different sites of leiomyoma with
their sizes:

In this study, as shown in table (3.7), LMs collected from patients
were from 5 different uterine sites. The highest percentage was for those
patients with intramural LM, then those with subserosal and submucousal
LM while both broadligament and cervical were found with the lowest
percentage. The resuits then can be arranged in a descending manner as
the following:

(High %) intramural LM > subserosal LM > submucousal LM >
broadligament and Cervical LM (Low %). This agreed with (Sayyad
2004) when he reported that tumors in subscrosal and intramural
locations comprised the majority (95%) of all LMs; submucous LMs
make up the remaining 5% although this classification scheme s widcly
used by clinicians, it suffers from the limitation that few L.Ms are actually
a single "pure” type. Most LMs span more than onc anatomic location
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and, therefore, are hybrids (e.g., a predominantly intramural LM with a
submucous component).

From table (3.8), correlation between PRL of these different
uterine LM sites and their sizes found with highly significant sometimes
with positive correlation and other with negative one. And also it was
found that there is a significant correlation between the PRI of LM sites
with the size of another LM site with positive or negative correlation.

This confirms the idea that LM PRL functions as either autocrine or
paracrine and so it affects the size of LM. Mitchell et al. 1989 explain
their hypothesis that uterine PRL may be involved in the pathogenesis of
fibroids. And similar to the other growth factors, uterine PRL may have
important autocrine or paracrine regulatory functions. In 1999, Nowak er
al. said in their report that PRL appeared to be an autocrine or paracine
growth factor for both LM and myometrial cells. However, there are
some differences between tissues in their sensitivity to these growth
factors. They reach this conclusion aficr they study the effect of both

(endogenous& exogenous) PRL as a mitogenic growth factor for human
LM and myometrial cells.

4.5. Immunohistochemical study for prolactin receptor:

In this study, brown spots shows heterogeneity in there numbers
and accumulation. Especially the difference was clearly obvious between
accumulation and number of brown spots in the leiomyomas sections
including their different sites and the myometrium sections from the same
patient. The leiomyomas sections as shown in figure (3.12) had more
distributed brown spots than myometrium of same patient. And the latent
shows less accumulated brown spots with less distribution. While
myometrium sections of control group (non-fibroid pregnant women)
cxhibit more accumulation and numbers of brown spots than those in
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patient myometrium. T'he distributed spots may vary also from one arca
to another in the same tissue section especially in the myometrium
sections.

Gill er al. (2001) studied the expression of PRLRs i normal,
benign, and malignant breast tissue by an immunohistological method
and they concluded that because prolactin plays an important role in the
proliferation and differentiation of normal breast epithelium, they
suggested that the higher expression of PRLR noted is in the cells of most
benign and malignant breast lesions, compared with normal cells, could
be an important factor in the pathogenesis of these diseases, rather than a
reflection of the high proliferate activity of the abnormal cells.

They studied also the normal breast PRLR and they had seen
positivity in all cases examined, in the form of dark brown staining of the
luminal borders of the epithelial cells lining the ducts and acini. Staining
was heterogenous and varied in intensity from one case to another and
sometimes from one area to another in the same section. Myoepithelial
cells were negative, in addition to fibrous tissue and blood vessels.

They mentioned also that there is a significant relation between the
estrogen receptor (ER) and PRLR in female with invasive breast
carcinoma (P<0.05).

Richards er al. (1999) have examined the estrogen receptor content
of fibromyomata, in relation to the estrogen receptor content of their host
myometria and normal myometria. Estrogen receptor levels in
fibromyomata are thought to be influenced by the endometrial cycle,
increasing through the proliferative phase into the early secretory phase
before falling just prior to the onset of menses. They concluded that the
increase in estrogen receptors in fibromyomata is expected given that the
underlying host myometrium is abnormal. The phasic differences in

receptor content may help explain the higher mitotic indices in tumors
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from secretory phase uteri. Furthermore the differential staining patterns
of the nuclei may be related to differences in gene regulation as a result of

the fibromyomata's heightened sensitivity to estrogen.
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4.6. Finding Summary:

Age, obesity and age at menarche were risk factors associated with
developing uterine leiomyoma, while increasing parity did not
decrease this risk as it is known.

Serum prolactin levels are increased with increasing leiomyomas
prolactin and their sizes in patients with uterine leiomyoma, with a
significant correlation.

There is a correlation between leiomyomas prolactin and their
sizes.

Leiomyomas prolactin including their five different sites has a
correlation with each other affecting their sizes. This result can be
used as a start point to study the paracrine/autocrine of leiomyoma
prolactin action.

In addition to the known monomeric prolactin molecular weight in
human serum, 16 kDa prolactin was found both in patient's serum
and tissues (leiomyoma and myometrium).

Both monomeric and big prolactin isoforms are responsible for
increasing prolactin levels in patients’ serum.

Big big prolactin was found for the first time in uterine
leiomyomas patient's serum which was only found in patients with
pituitary adenoma.

Prolactin receptor was detected for the first time in uterine

leiomyomas sections.
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5. Conclusions:

e Excess serum prolactin in leiomyoma patients comes from the
leiomyoma itself and this is confirmed by the positive association
between serum prolactin and leiomyoma prolactin and the presence
of the same isoforms of this hormone.

e Age, obesity, age at menarche and leiomyoma size are modulating
factors.

¢ The isolation of bigbig prolactin from one patient's serum for the
first time needs further study.
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