Summary

This study was constructed to discuss an issue regarding infertility
cases that was attributed to hyperprolactinemia. About 150 blood samples
were collected from women suffering hyperprolactinemia and 50 from
normal subjects served as control for comparison. Test subjects were
divided into three age groups: 20-30 years old, 31-40 years old and 41-50
years old. Tests of fertility hormones luteinizing hormone, follicle
stimulating hormone and prolactin were performed for al study groups.
It was found that there was a significant P<0.05 difference in hormone
concentration for patients when compared with control. Luteinizing and
Follicle stimulating hormone recorded a significant decrease while
prolactin recorded a significant increase when compared with control.
RNA isolation from serum was possible due to high expression of
prolactin gene in study groups since an average concentration of 300 ng

was obtained from serum.

At molecular level analysis using three specific primers designed
for this study, showed that there is an aberration at the expression level of
RNA in some of hyperprolactinemia patients while prolactin receptors
were normal. It was concluded that in al patients feedback inhibition
mechanism that controls prolactin level, was disrupted in addition some
of patients studied were candidates for breast cancer as was reviewed
from family history and most of hyperprolactinemia cases for subjects
studied were attributed to hyper expression of prolactin gene.

Protein anaysis of blood from patients showed that a significant
increase in abumin, this was regarded to increased level of prolactin in

the blood and this protein function as a carrier for hormones.
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Case profile
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Fertility hormones
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Governorate Hospital name hyper prolactinemic
No. of patients
Baghdad AL- Yarmok Teaching Hospita 100
AL- Kindey Teaching Hospita 30
St. Rafael hospital 20
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Chapter one Introduction & literaturesreview

1. Introduction and Literatures Review.
1.1. Introduction.

Prolactin (PRL) is a hormone secreted by theitary gland which
is located at the base of the brain, the principattion of prolactin is
the stimulation of milk production by the mammatands of females
after the birth of a baby. Normally, it is presant small amounts
throughout the bloodstream typically 10-28ug/L females and 5-
10ug/L in males kept under control by another harencalled a prolactin
inhibiting hormone (dopamine). The chemical compasi of prolactin
Is protein undergoes several post-translationabdifications that
include polymerization, proteolytic cleavage, phuspylation and
glycosylation, these modifications impact prolacstability, half-life,
receptor binding and biological activity ( Jamel10).

Prolactin secretion may increase mildly with slesfpess, coitus,
exercise, nipple stimulation, ingestion of certiiads, and pregnancy. If
the female's prolactin level is elevated the finste. A second sample
should be checked when she is fasting and nonsstieConfirmed
elevation of prolactin need to be evaluated (AnasricSociety for
Reproductive Medicine, 2009).

Hyperprolactinemia is a condition in which excga®lactin
circulates in the bloodstream of non pregnant femand in males, it is
probably one of the most common endocrine disordleas related to
pituitary function. In females, hyperprolactinemesults in a variety of
reproductive dysfunctions including a decline ie hody’s production of
progesterone during the luteal phase after ovulatioegular ovulation,
menstruation, and absence of menstruation. Alseahdryness making
sex pain full and galactorrhea. In males, hypegmtdemia can lead to
reduce body hair, muscle, libido or impotence asake inefficient sperm

production and infertility (Colao, 2004).

\
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Clinically significant elevation of prolactin lele may cause
infertility in several different ways: first, xeess prolactin may stop
females from ovulating, If this occurs women's nterad cycles will
stop. Second, in less severe cases high pmlasls may only disrupt
ovulation once in a while this would result intammittent ovulation or
ovulation that takes a long time to occur satti@males in this
category may experience infrequent or irregurqals. Third, females
with the mildest cases involving high prolactin é&/ may ovulate
regularly but not produce enough progesterommbne after ovulation,
this is known as a luteal phase defect. Deficiencythe amount of
progesterone produced after ovulation may resuliténine lining that is
less able to have an embryo implanted. Some of alegnwith this
problem may see their period come a short tiftez avulation ( Shibli-
Rahhal and Schlechte, 2011).

Hyperprolactinemia is relatively common in femaldsiring
reproductive age with stop menstruation period have low follicle
stimulating hormone ( FSH) levels up to a thirddndyperprolactinemia
(Melmed, 2011). this study was suggested to futidl aim of :

» Early detection of prolactin hormone elevationwiomen because

of its direct effect on fertility.
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1.2. Literatures Review.
1.2.1. The endocrine system.

The endocrine system is an integrated systensists of
several glands, hormones and scattered hormonetisgccells. It is an
instrumental in regulating metabolism, growth, elepment,
reproduction, also it plays a role in mood detamg (Kesteret al.,
2004). The endocrine system and nervous system iateracted to
maintain homeostasis. The nervous system d&aster and more
locally than the endocrine system, however, tleffects of the
endocrine system are generally prolonged as wgeltlee two systems
are physically linked by neurosecretory cell$joclhi are neurons that
secrete hormones. The nervous system uses nervesoriduct
information, whereas the endocrine system maingsusood vessels as
information channels (Lewit al., 2007).

Hormones are metabolically produced chemical suobst
released by non-neural endocrine cells or by neurdbrexerts regulatory
influences on the function of other distant cedlached via the blood.
The blood carries the hormones to the targit that contain specific
receptor proteins for the hormones, which theeeftan respond in a
specific fashion to them. Hormones can be classifiecording to their
chemical structure into steroids, amines, polypsstiand glycoproteins
(Hill etal., 2004).

In terms of their actions in target cells ti®rmones can be
divided into those that are polar and therefavater soluble and
those that are nonpolar, and thus insoluble inewd®olar hormones
cannot cross cell membranes, but instead it birmh®of the hundreds of

receptors on the target cell resulting in activatid a coupling protein (G
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protein). This protein activates another membrasgo@ated enzyme
called adenyl cyclase that catalyzes conversioWTdét into cAMP which

in turn activates specific enzymes within the célile nonpolar hormones
are lipid soluble so they can easily cross throtighcell membranes of
the target cells and bind to a receptor in the leuscresulting in the

stimulation of particular genes (Fox, 2006).

The major endocrine glands are the pineal, pitgitahyroid,
thymus, adrenal, pancreas, ovary and testes asnshovigure (1.1).
Endocrine glands are in general characterizgdtheir ductless nature,
their vascularity and usually the presence ofargtlular vacuoles or
granules storing their hormones. In contrastcere glands have
ducts and tend to be less vascular such aslal sweat, and
digestive glands (Consoétal., 1995).
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Figure (1.1) Major endocrineglands. (Marciaet al., 2008).
1.2.2. The pituitary gland.

The pituitary gland is an endocrine gland tHatated at the
base of the brain. Its size roughly 1.3 cmdiameter and it is
attached to the hypothalamus by a stalklike strectoalled the
infundibulum. The pituitary gland is structuralgnd functionally
divided into an anterior lobe, or adenohyp@iyand a posterior
lobe called the neurohypophysis. The posterituitpry stores and
releases hormones that are actually produced byhtipothalamus,
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whereas the anterior pituitary produces aadredes its own hormone
( Page, 1994; Tucker, 1999 and Greaves, 2007). The hormones
secreted by the anterior pituitary are calteghic hormones, the term
trophic means "feed" because high concentratiohghe anterior
pituitary hormones cause their target organbypertrophy, while
low levels cause their target organs to atrophye Rlormones of the

anterior pituitary include :

 Growth hormone (GH) promotes growth and develognoérall
tissues by increasing proteins synthesis ard defision rates.

* Thyroid stimulating hormone (TSH) stimulates e ththyroid
gland to produce and secrete thyroxine (tettmdonine, or
T4) and triiodothyronine (T3).

* Adrenocorticotropic hormone (ACTH) stimulates theremal
cortex to secrete the glucocorticoids, such as dogttisone
(cortisol).

* Follicle stimulating hormone (FSH) is a glycoprotewith a
molecular weight of approximately 3000 daltorSH-is secreted
by the basophilic cells of the anterior pitutalt is responsible
for the proliferation of the follicular cell, fothe development of
the graafian follicle and for ovum maturation.

» Luteinizing hormone (LH) in females, stimulate® tbvulation
and conversion of the ovulated ovarian follici® an endocrine
structure called the corpus luteum. In males, LHsasnetimes
called interstitial cell stimulating hormone (ICSH) stimulates
the secretion of male sex hormones (mainly testwstg from the
interstitail cells (leyding cells) in the testes.

» Prolactin (PRL) hormone is secreted in both matekfamales, its

best known function is the stimulation of milk pumtion by the

e
‘
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mammary glands of women after the birth of béfgushansky,
2006).

1.2.3. Prolactin hormone.
1.2.3.1. Discovery of prolactin.

Stricker and Grueter in (1928) werscdvered prolactin as a
distinct hormone with lactogenic activity secretbgg the anterior
pituitary. Because of prolactin is closelated to growth hormone,
human growth hormone binds to prolactin remepand has a potent
lactogenic activity so that, it was not discoveuvedil the early 1970's as
a separate entity (Lewist al., 1971 and Hwangt al., 1972). The
hormone being purified and given the name ptwidzased on the fact
that an extract of bovine pituitary gland wouldisa growth of the crop
sac and promote the elaboration of crop milk inepigs( Riddle and
Braucher, 1931 and Riddlet al., 1932). Cooke and his colleagues in
(1981) were discovered the entire amino acidguesece of prolactin,
including 28 residues signal peptide, from the leniide sequence of
human cDNA. Furthermore, the extrapituitary prdduc of prolactin
was first detected in decidualized endometrells (Riddleet al. ,
1963 ) and subsequently in many other reprodeictissues, immune

cells and brain.

1.2.3.2. Functionsof prolactin.

Prolactin (PRL) is a polypeptide hormone tlsasynthesized
and secreted by specialized cells of the antertoitary gland, lactotroph
( Fitzgerald and Dinan, 2008). The main functioof prolactin is
stimulation of breast development and productibrmdk (Horseman,
1999). However, more than 300 distinct biolobaetivities have been
attributed to prolactin, including salt and watetdmce, cell growth and

proliferation (Freemanet al., 2000). It also has effects on the

4
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hypothalamo-pituitary-gonadal axis and can inhibipulsatile
gonadotropin releasing hormone secretion from tiyeothalamus and
alter the activity of certain steroidogenic enzymks females, excess
prolactin secretion is associated with infestilit and menstrual
irregularity or even complete amenorrhea. Ineawait causes decreased
testosterone level and sperm production. In addigxcess prolactin can
cause galactorrhea (inappropriate milk productiam) females and
gynecomastia "breast development" in males (Mdlehal., 2011).
Prolactin is synthesized at many extrapituitsitgs particularly
in reproductive organs, immune cells, and brainn(Benathanet al.,
2008) therefore, it is clear that prolactinn@at as a local paracrine
and autocrine factor in diverse tissues ands o@fu-lee, 1997 and
Bachelot, 2007). At the cellular level, prolactiegulates the survival,
growth, differentiation, and activation state ofrget cells. At the
physiological level, the effects of prolactin amproduction, immune
function, water electrolyte balance (osmoregulgti®iress adaptation
and metabolism. Prolactin in human serum has bkessified into three
main classes on the basis of molecular mass: mamofRL, big PRL
and big-big PRL (bb-PRL) called macroprolactin wathmolecular mass
of 23 killodalton, 50-60 kD and 150-170 KD resjpezly (Babanet al.,
2008). Prolactin  secretion is regulated by a dublypothalamic
inhibitory and stimulatory system and can reguléseown secretion
through a short loop feedback. Prolactin hypothalacontrol is unique
in that the predominant hypothalamic influence imhibitory whereas
for all other hormones the predominant influencestismulatory. Thus,
damage to the hypothalamic control causes increpis#dctin secretion
rather than decreased secretion, as seen withithel anterior pituitary

hormones (Nussey and Whitehead, 2001). Dopaminghés main
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neurohormone inhibiting prolactin  secretion (a2008), while

thyrotrophin releasing hormone has a potemtusatory action on

prolactin release, other factors including peewy, lactation

(suckling), estrogen, dopamine antagonists, slagp siress can also
stimulate prolactin  secretion (American Societyr f@eproductive

Medicine, 2009).

During pregnancy, the high circulating concatitns of
estrogen inhibit secretion and action of prolacfitis inhibition is
accomplished by the stimulation of prolactin inhii hormone
(dopamine) secreted from the hypothalamus (Fitzdeend Dinan,
2008). After parturition, declining levels of egiem are accompanied by
an increase in the secretion of prolactin (Serd Bazat, 2004). Suckling
helps to maintain high levels of prolactin secretisa a neuroendocrine
reflex. When the sensory endings in the breastaded by the stimulus
of suckling which relay impulses to the hypo#malis and inhibit the
secretion of prolactin inhibiting hormone. Sunflithus results in the
reflex secretion of high levels of prolactichat promotes milk
production, as well as the stimulus of sucklirggults in the secretion of
the oxytocin from the posterior pituitary whiclesuolts in milk let down
(Sokaet al., 2011).

1.2.3.3. Prolactin gene.

The gene encoding prolactin is unique, in humaniatated on
chromosome 6 and is composed of five exons and ifdtons for an
overall length of 10 kilobase (Kb). The transtap of the prolactin
gene is regulated by two independent promoter nsgithe proximal
5,000 base pairs (bp) region directs pituitarycgmeexpression, while a
more upstream promoter region is responsible etrapituitary

expression (Nolet al., 2012). Transcriptional regulation of prolactin
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gene has been studied quite extensively as$ wible silico
bioinformatics used to analyze the promoterae@f prolactin gene
(2000 bp upstream ATG start codon). Upon analggisghe prolactin
geneHOX- 1.3 and XFD-2 transcription binding sites are found. They
are the most specific transcription factor edats to master regulate
the gene expression (Berwastal., 1994 and Featherstoaeal., 2012).

HOX-1.3 the homeobox genes are a superfamily of genexlamge
transcription factors that regulate developmentat@sses such as body
patterning and organogenesis (Krumlauf, 1994). imla@anmalian HOX
gene complex consist of 39 genes that areddcabn four linkage
groups (clusters) dispersed over four chromosonit®XA, HOXB,
HOXC and HOXD). HOX-1.3 is a transcriptional regulator of many
target genes, including p53 and the progestereoeptor. HOX1.3 is a
transactivator of p53 and may affect the respaiséreast cancer cells
to DNA damage (Aubimt al.,1997).

XFD-2 the recently described XFD (Xenopus forkmain
related) multigene family in the froX¥enopus laevis that contain this
DNA binding domain (Shawret al., 1988). Fork head proteins play an
important role in embryonic pattern formation, riagion of tissue
specific gene expression and tumor formation (EthHoet al., 2001).
These proteins contain a highly conserved 11 anaicid long DNA
binding domain that was originally identified iDrosophila mutant
fork head (Bulowet al., 2010). Because of their structure, these
proteins are also referred to as winged helixtgins. They bind DNA as
monomers and can act as transcriptional activatorsrepressors
(Kaestneet al., 2000).

The human prolactin  mRNA is 914 nucleotidesglcand

contains a 681 nucleotide open reading frame engothe prolactin
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prohormone of 227 amino acids. The 28 aminosasignal peptide is
cleaved and the mature human prolactin is éorr(Binartet al.,
2010). The mature human prolactin is composedl®9 amino acids
with three intramolecular disulfide bonds beén six cysteine
residues ( Fitzgerald and Dinan, 2008).

1.2.3.4. Prolactin Receptor (PRL-R).

The prolactin receptor is a single membrhoend protein
that belongs to class | of the cytokine receptagpesfamily (Bazan,
1990a; Bazan, 1990b; Kelly et al., 1991 and Laet al., 1997). Prolactin
and growth hormone receptors share several stalcimd functional
features despite their low (30%) sequence hogyol&offin et al.,
1988; Goffin and Kelly, 1996). Each receptor consists of an
extracellular, short transmembrane domain andriable intracellular
domain (ICD) that mediates signaling (Aetsal., 1993).

Numerous prolactin-R isoforms have been describeddifferent
tissues (Davis and Linzer, 1989; Atial., 1991) and these isoforms are
results of transcription starting at alternativetiation sites of the
different prolactin-R promoters, as well as al&wre splicing of non-
coding and coding exon transcripts (Hu and Dui&91). Although the
isoforms vary in the length and composition of itheytoplasmic
domains, their extracellular domains are ident(@aPs8; Kelly et al.,
1991; Lesueuret al., 1991 and Bole-feyset al., 1998). In addition to the
membrane bound receptors, soluble prolactin bingimgeins were also
described in mammary epithelial cells (Berthairal.,1987) and milk.
These soluble forms contain 206 NH2-terminal amiaoids of
extracellular domain the prolactin-R (Berwehial., 1994). The soluble
prolactin binding proteins are also products thie same prolactin-R

gene, but it is still uncertain whether they aesults of alternative

e
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splicing of the primary transcript or products pifoteolytic cleavage of
the mature receptor or both (Bole-feysial., 1998).

1.2.3.5. Prolactin mechanism of action.

Prolactin signal transduction is mediated byligect signaling
system that links the activation of the prolaateceptor at the cell
surface to change gene transcription in theeuscl This pathway is a
variant of Jak/Stat (for Janus Kinase/ signaiddaicer and activator of
transcription) pathway which used by other grovabtérs and cytokines
(Watson and Burdon, 1996 and Swaminatiaai., 2008).

The extracellular domains of human prolactin regepsoforms
consist of 210 amino acids (Bouéinal., 1988 and Boutiet al., 1989)
which show sequence similarities with other cytekireceptors. The
extracellular domains can be further divided intel2\terminal D1land
membrane proximal D2 subdomains (Keky al., 1991). The most
conserved features of the extracellular domain paies of disulfide
bonds (between Cys12-Cys22 and Cys51- Cys62) ibihdomain and a
"WS" motif (Trp- Ser-x-Trp-Ser) in the D2 domainhd disulfide bonds
and the WS motif are essential for the proper fgdand trafficking of
the receptor , although they are not responsihbiebiinding the ligand
itself (Goffinet al., 1988).

The intracellular domains of prolactin receptre essential for the
initiation of the signal transduction mecharssmssociated with the
prolactin receptor. The isoforms of intracellulasnthins of prolactin
receptor differ in the length and composition lahow little sequence
similarities with other cytokine receptors. Theree a@awo relatively
conserved regions termed box1l and box2 (Muralémal., 1991).

Box1l is a membrane proximal proline rich motif nesary for the

'Y
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consensus folding of the molecule recognized by tlansducing
molecules. Box2 is less conserved and is migsirtige short isoform of
the prolactin receptor (Goffiet al., 1988 and Kellyet al., 1991).
Activation of prolactin  receptor involves lighn induced
sequential receptor dimerization (Figurel.2).Hegurolactin molecule
contains two binding sites (site 1 involves helideand 4,while site 2
encompasses helices 1 and 3). First, prolacthihging site 1 interacts
with a prolactin receptor molecule (Goféal., 1996). The formation
of this initial hormone- receptor complex is theenequisite for the
interaction of binding site 2 on the same profactiolecule with a
second prolactin receptor (Bole-feysbal., 1998; Goffin et al., 1996).

Ligand-induced dimerization Phosphorylation of Jak and PRL-R

Step 1 Step 2 Step 3

V-

EC domain |D1 I _D1I IDi I D1l Im D1 ]
* d ] b B
I

| Pl
Jak2 Box1 Box1 Jak2 Jak2 Boxi Box1 Jak2 Jak2 Box1 Box1 Jak2
4 A YUY |
IC domain Y 4 ¥ | 1V
y Y 2 |\ Qv v

Figure (1.2). Mechanism of prolactin receptor activation. (Freeman, 2000).

The activation of prolactin receptor result;n tyrosine
phosphorylation of numerous cellular proteinsludig the receptor
itself (Kelly et al., 1991; Nagano and Kelly, 1992) although the
intracellular domain of the prolactin receptas devoid of any
intrinsic enzymatic activity, the membrane proximagion of the

intracellular domain is constitutively associateihwa tyrosine kinase
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termed Janus Kinas 2 ( Jak2) (Campbkedl., 1994; Ihleet al., 1994 and
Lebrunet al., 1994). Phosphorylation of Jak2 occurs withimih after
prolactin binding suggesting a major upstream foleJak2 (Lebruret
al., 1995). There are two major prerequisites Jak2 activation, the
presence of the proline rich box1 motif in thé&acellular domain of
the prolactin receptor and the homodimeric stoiet@try of the ligand
induced prolactin receptor dimers (Ferea@l., 1997; Ghanget al., 1998
and Ferraget al., 1998). Activation of Jak2 occurs by
transphosphorylation upon receptor dimerizationclwhirings two Jak2
molecules close to each other (Fereagl., 1998). Phosphotyrosines are
of interest since they are potential bindingckdog sites for
transducer molecules containing SH2.

Jak2 phosphorylates tyrosine residues in diffetarget proteins,
the best identified are the receptor itself ancmily of transcription
factors termed signal transducers and activatofs transcription
(Stats). These factors are the central transduoézcmes of the signal
transduction pathways initiated by prolactin reoepactivation (Goffin
et al., 1998 and Jabbowt al., 1998). Stat contains a DNA binding
domain, an SH3-like domain, an SH2 like domaimd aan NH2- and
COOH-terminal transactivating domain ( Evases al., 1992). Stat
proteins exist within the cytoplasm in a latentnactive state, they are
recruited by cytokine receptor complexes through iateraction
involving a phosphotyrosine (on the cytokine reoepand /or the
associated Jak) and the SH2 of the Stat protein.

The Stat family currently consists of eigimbers, three members
of Stat family which are Statl, Stat3 and mainkatS have been
identified as transducer molecules of the tolareceptorStatS was

originally identified as mammary gland factor@) and is the major
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Stat activated by prolactin receptor. Stat5 has iseforms, StatSa and
Statbb, encoded by two different genes with 9S&guence homology
and differences only in the COOH-terminal domairotiB isoforms
possess a Tyr-694, which is phosphorylated by J&kiuillex et al.,
1994). In addition to Tyr phosphorylation, actieatiof Stat involves
serine / threonine phosphorylation as well. Thgomdifference between
Statba and  StatSb  isoforms lies in their sériti@eonine
phosphorylation sites ( Beadlirgal., 1996).

According to the consensus model of Stat activat{@ole-feysot
et al., 1998; Findori and Kelly, 1995) a phosphorylated tyrosiasidue
of the activated long prolactin receptor @saf interacts with the
SH2 domain of stat (Figure 1.3). Stat, whileldsd at the receptor, it is
phosphorylated by the receptor associated Jak &inakhen,
phosphorylated Stat dissociates from the receptal hetero or
homodimerizes through its phosphotyrosine residudh the SH2
domain of another phosphorylated stat molequleigure 1.3).
Finally, the Stat dimer translocates to thelews and activates a Stat
DNA-binding motif in the promoter of a targgene (Carter-su and
Smith,1998). The consensus DNA motif recognizedS3igtl, Stat3, and
Stats homo or heterodimers is termed GAS (gameaerferbn activated
sequence) which consists of a palindromic consensequence:
TTCxxxGAA. Once bound, Stat engages several elsneh the

transcriptional machinery, stimulating gene expmss

\o
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Long form of PRL-R Short form of PRL-R Long form of PRL-R

+1 " Target genes
Genomic effects

o o \
BIOLOGICAL EFFECTS < Erarmes nd

Cell membrane I{
[e]
8

Figure (1.3). Signal Transduction Pathway. (Freeman, 2000).

Although the Jak-Stat cascade is the major Sigmgbathway
used by the prolactin receptor, other transduciathyeays are also
involved in signal transduction by this receptorctidation of the
prolactin-R also activates the mitogen activateatgin kinase (MAPK)
cascade, which is involved in the activation of evrdnge of transcription
factors immediate early genes by phosphorylatiohosphotyrosine
residues of the activated long prolactin-R isof@erve as docking
sites for adaptor proteins (Shc/Grb2/SOS) commgdhe receptor to
the Ras/Raf/MAPK cascade (Das and Vonderhaar, 199 Jak/Stat
and MAPK pathways are interconnected despite tpedbways were
considered as independent or parallel pathways.

Most transducer molecules are activated by tyrosine
phosphorylation (Jaks, Stats etc.) since involveamenh tyrosine
phosphatases to modulate or down regulate the Isignaascade is

expected. It has been reported that SH2 contaifiyigphosphatases
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SHP-1 and SHP2 play less role in down regulatioprofactin signaling
than in growth hormone or other cytokines (&lial., 1996; Berchtold et
al., 1998 and Edwards al., 1998).

Jak/Stat pathways can be inhibited by SH2 contgirpnotein
families referred to as cytokine inducible SH2 eaming protein (CIS)
(Liang and Pardee, 1995; Masuhara et al., 1997 ) and suppressors of
cytokine signaling (SOCS) (Endbal., 1997; Hilton et al., 1998). Their
main mechanism of action in prolactin receptmnaling is that
prolactin induces acute and transient expressidtS-1 and SOCS-3.
They switch off the prolactin receptor mediateghaling by inhibiting
the catalytic activity of Jak2 and activation oftatS proteins . The CIS
and SOCS-2 seems to restore the cell's sensitwigyrolactin receptor
stimulation probably by suppressing SOC-1 s inbilyieffect.

1.2.4. Prolactin and hyper prolactinemia.

Prolactin is a hormone secreted by the pituigland which is
located at the base of the brain. It is poeduin both females and
males. The main function of prolactin is the stiation of breast milk
production after childbirth. However, more th&90 different
biological activities of prolactin have been reated, in large part
because of the ubiquitous expression of prolacoeptors including
reproduction, water/ electrolyte balance, cell gfovand proliferation
(Bole- Feysot et al., 1998).

Normally, prolactin is present in small amount tigbout the
bloodstream of non pregnant females and inespydlept under control
by another hormone called prolactin inhibiting €Gact(dopamine)
(Fitzgerald, 2008). Secretion of prolactin may ease mildly during

coitus, exercise, sleep, nipple stimulation andypasacy (Jackson and
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Safranek, 2005). In other cases, prolactin canrhedoo high because of
a disease or the use of certain medications. Manet al., (2008)
defined the upper threshold of normal profes 25 pg/L for
females, and 20 pg/L for males. Furthermore, Carah al., (2009)
defined hypoprolactinemia as prolactin levels bewg/L in females,
and 5ug/L in males.

Hyperprolactinemia is a condition in which hightban normal
levels of the hormone prolactin circulateshe bloodstream of not
pregnant females and in males. It is probablg @nthe most common
endocrine disorders related to pituitary fioret(Surkset al., 2004).
Hyperprolactinemia is an extremely common disorekgecially among
reproductive age females. Its prevalence is eslhediagh in females
presenting with reproductive or menstrual dysfuorcti(Nilsson and
Hellberg, 2006).

One of the first signs of hyperprolactinemia itrmédes are
irregular menstrual cycles. Another common sympt is galactorrhea
which is the occurrence of a milky discharge frdme breast in non
pregnant females. The discharge is the resulpastistent high
prolactin levels stimulating the mammary glandrfolk production. In
some females galactorrhea may occur spontaneousilst in others it
may only occur if they squeeze their nipples (0864,3). In some cases
of severe hyperprolactinemia the estrogen leval lma decreased to a

point where the loss of bone calcium can occurifMeet al., 2011).

1.2.5. Causes of hyperprolactinemia.
1.2.5.1. Prolactinoma (pituitary adenoma).
Pituitary adenomas are the most commmor type in

the pituitary gland. In some people, a sngabbup of cells may form

YA



Chapter one Introduction & literaturesreview

a cyst in the pituitary gland that produces eleydts/els of prolactin
these cysts are called prolactinoma or pituitedgnomas. This tumor
IS mostly benign (adenomas) meaning not inwaaivd not metastatic.
It is more common in females than males. The adasaran be seen and
measured using MRI (magnetic resonance imagind)chassified based
on their size (Wix-Ramost al., 2011).

Small adenomas are known as microadenomas thagure less
than one centimeter in diameter, this is the masnmon type of
adenoma found. Microadenomas can even be presenhealthy
people who do not have high prolactin levels and lba treated with
medications. They do not grow large and do not rieelle treated if
hormone levels are normal. Microadenomas usuallpvioa benign
course and rarely progress to macroprolactinomasber, in rare cases
microadenoma may transform to other tumors (Schde@007).

Adenomas larger than one centimeter alledc macroadenomas.
If untreated it can grow further and start titmpress the nearby
tissues and structures causing life threateewents or even fatal
outcome. The closest structures are the optigeserinternal carotid
arteries. If a macroadenoma causes compressioheobptic nerves,
partial blindness can result for this reasadns limportant to treat
macroadenomas whether or not females are stéste in getting
pregnant. Medication can be used to treat thenifbhat fails, surgery
may be necessary (Buséeal., 2010).

1.2.5.2. Hypothyroidism.
Hypothyroidism is a condition in which aslequate amount
of thyroid hormone s produced. It is the mostnmon medical

condition that can cause hyperprolactinemia (Coepal, 1984; Canaris
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et al.,, 2000; Hollowell et al., 2002 and Bahaet al., 2011). The
hyperprolactinemia of hypothyroidism is relatedst&veral mechanisms,
in response to the hypothyroid state a compensdtamease in the
discharge of central hypothalamic thyrotropireleasing hormone
(TRH) results in increased stimulation of préilasecretion. Treatment
with thyroid hormone supplements will resukiscorrection of both
thyroid feedback and the high prolactin levels (k& et al., 2006 and
Binita et al., 2009).
1.2.5.3. Macroprolactinemia.

Macroprolactinemia is a large pituitary tumoeater than 10
mm in diameter. Asymptomatic patients with intacbngdal and
reproductive function and moderately elevatedlgmtin levels may
have macroprolactinemia (Vallette-Kas®02; Shimatsu and Hattori,
2012). Hypersecretion of prolactin by lactotropHisc®f the anterior
pituitary cause hyperprolactinemia patients, theymay have
radiologically undetected microprolactinomas, bame of them may
present other causes of hyperprolactinemiaachenzed as a symptom
of macroprolactinemia with a predominance of highwlecular mass
prolactin forms (big-big prolactin, MW>150 KD) (wibnet al., 2005).

The pathophysiology of macroprolactinemia is basamd a

mechanisms of the increased antigenicity of thmaekecules leading to
the appearance of autoantibodies against prolaetinich can
consequently reduce the bioactivity of pralacand provide extended
half-life (Cavaccet al., 1995; Pascoe- lira et al., 2001; De schepper et al.,
2003 and Hattoret al., 2010).
1254, Stress.

A high prolactin level can sometimes be relatedphysical

stress even drawing blood can by itself caaseeone to produce and




Chapter one Introduction & literaturesreview

Immediate prolactin release. In general prolaefievation can also
detected in response to strong or sudden eftstimuli such as
stressful environmental conditions or can be rdlate physchological
reasons. Life events such as changes in subjemtisl sor personal
environment indicated that these stressful conultionay provoke
hyperprolactinemia. Even an exposure during chiddhto a stressful
environment may be associated with hyperprolactiaerand/or

galactorrhea later in life as a response to fipemvironmental changes
(Soninoet al., 2004). Several external stress factors may carigito the

occurrence of hyperprolactinemia. In theory, stresght have been
involved in facilitation of a clonal proliferatioaf a single mutated cell
and cause prolactinomas or stress might triggeroe@aocrine changes
involving dopamine and/or serotonin, which both cansequently affect
prolactin releaseFava, 1981; Freemaret al., 2000 and Verhelst, 2003).

1.2.5.5. Medications.

Some medications can cause higher leefaactin to be
produced. The most common medications that doatigiknown as anti-
psychotic medications. Other medications which nmayease prolactin
levels include:

» Some types of anti-depressant (amoxapine, imipr@min

* Some types of sedatives.

» Dopamine receptor antagonists (metoclopramide, ghézines).

* Estrogen.

» Oral contraceptives.

« Some types of blood pressure medications (methgdop
reserpine).

* Medication for nausea (reglan, metoclopramide).
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( Nussey and Whitehead, 2001).
1.2.6. Hyperprolactinemia and infertility.

Infertility is defined as the inability to cogive after one year of
unprotected intercourse. It has two types, primafgrtility; is a term
used for couple who have never achieved a pregnaBegondary
infertility referred to couple who have previouslycceeded in achieving
at least one pregnancy even if this ended in abuoriihe major causes of
infertility include ovulatory dysfunction, tubal drperitoneal pathology,
male factor and uterine pathology (Mohan and Salta010).

Hyperprolactinemia is a common problem in repciche
dysfunction affecting about one-third of infertilemales (Corenblum,
1993). Hyperprolactinemia leads to hypogonadism,iclwvhin turn
interfering with the action of the gonadotrophinSHF and LH) at the
ovarian level, then impaired gonadal steroid semmetvhich alters
positive feedback effects on the hypothalamic aiwitary levels. This
leads to lack of gonadotrophin cyclicity (FSH anH decline) and to
infertility (Thorner and Besser, 2008iohan and Sultana, 2010).
Another cause of infertility seen during hyperpobiaemia is the low
estradiol production, Prolactin elevation can inthilollicular estradiol
production and this results in infertyli (Uilenbroek and Linden, 1984;
Kalsum and Jalali, 2002; Jameel, 2010).

1.2.7. Treatment of hyper prolactinemia.

Prolactin levels can often be corrected stopping suspected
medication or switching to a different medicatiopé. Correction of
hypothyroidism is also effective and specifio reduce prolactin

levels. If prolactin levels are persistently highey can be effectively
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treated with a group of medications known as dopamagonists
(Melmed, 2011).

1.2.7.1. Dopamine agonists drugs.

1.2.7.1.1. Bromocriptine (Parlodel).

The first dopamine agonist drug used was bovipbne. It is

an effective and inexpensive medication for higblgutin levels, it has a
similar mode of action to dopamine in stimulatiippamine receptors
on the prolactin secreting pituitary cells- D2 eptors. Stimulation of
these receptors leads to inhibition of both etemn and synthesis of
prolactin. Parlodel is usually taken at bedtimeghwa snack this is
because parlodel will occasionally cause dezsnor stomach upset,
so taking it before sleep and with food will reduthese side effects.
Generally with time the side effects, stop anyw@agpdr, 2013).
1.2.7.1.2. Gabergoline (Dostinex).

Gabergoline is more effective than bromoangt in
normalization of prolactin levels and resumingrmal ovulatory
cycles (Dos Santos Nunesal,. 2011). Gabergoline is more expensive
than bromocriptine so it is usually used when bromnmtine is ineffective
or female cannot tolerate the side effects.e@gdline is a longer
acting medication it is usually given twice a weéestead of every day.
Dopamine agonist medications are useful for redugrolactin levels
tumor size and to restore gonadal function in pétievith prolactinoma
(Kreutzeret al., 2008). Patients who cannot tolerate high dosebuys
or who are unresponsive to dopamine agonist theshpyld offered trans
sphenoidal surgery. Radiation therapy is useful gatients in whom
surgical treatment fails or for those with aggressior malignant
prolactinomas (Wangt al., 2012).
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3. Resultsand Discussion.
3.1.Theeffect of hyper prolactinemia on fertility.

Hyperprolactinemia is a major part of femility problems that
consumed a great effort and expensices in thentedt of couples.
Many reasons may involve in such physiologicalodisr, non of them
was considered as main one but some of thppeased frequently to
affect fertility in females and seem to plagnajor role in elevation
of prolactin. Screening of 150 females with hypel@ctinemia
according to their age and the types of fertiligrmones gave the
results shown in table (3.1).

Table (3.1): Measurement of prolactin, LH and FSH in femaleswith

hyperprolactinemia.

Hormone Measured Deviation in

normal i hormone

concentration

As shown in table (3.1) measurement of three kighvolved fertility
hormones revealed abnormal change in their.ratiband FSH were
found to decrease in test subjects when compaittdnormal while

prolactin showed high elevation to about sixl$ in test subjects with
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hyperprolactinemia infertility problenThis was statistically analyzed
shown in table (3.2).

Table (3.2): Statistical analysis of fertility hormones measurement in females

with hyperprolactinemia categorized according to age.

(Mean+SD)
Groups
Hormones LH FSH Prolactin

A A A

20-30 0.591+0.347 0.563+0.269 62.470+18.758
A A A

31-40 0.632+0.269 0.618+0.256 68.365+17.476
A B A

41-50 0.660+0.240 1.177+3.385 66.050+18.258
B C B

Control 4.400+1.020 4.680+1.708 3.206+1.429

Differencesletters A,B,C are significant at (P<0.05) to comparison columns.

A graphical representatic is shown in figures (3.1), (3.2) and (3

regardingLH, FSH and prolactin respective

mU/ml

mLH

4.500
4.000
3.500
3.000
2.500
2.000
1.500
1.000
0.500
0.000

0.591

LH

0.632

4.400

0.660

Year 20-30

31-40

41l-310

Figure (3.1): LH levelsin infertile and control groups categorized according to

age.

Thefigure shows that LH level was decreased in eaelhgagup of tes
subjects compared to contre
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mU/ml
5.000 -
4.680
4.000 -
3.000 -
m FSH 2.000 -
1.000 - 1.177
0.563 0.618
oo |l R
Year 20-30 31-40 41-50 Control

Figure (3.2): FSH levelsin infertile and control groups categorized according
to age.

The figure showghat FSH level was decreased in eaade group
of test subjectxompare to control.

mU/ml

Prolactin

70.000 - 68.365 66.050

60.000 - 62.470

50.000 -

40.000 -

30.000 -

M Prolactin

20.000 -

10.000 -

0.000 3.206

Year 2030 3140 4150

Figure (3.3): prolactin levelsin infertileand control group categorized

according to age.

Regarding prolactir comparison among aggroup: the results

showed an obviou®levatior within age group (31-4@)ears old than

e
¢




Chapter Three Results and Discussion

those (20-30) and (41-50) years old. Such olaserv may be explained
on the basis of maturation of sexual system aadilgy of hormone

release and response of the body, once there abraormal elevation it
will stabilize at this age since females are atapegmal reproduction age,
so such abnormalities will be obvious and posedblpm for a long

time. This observation and the elevated levellass in age 20-30
years with standard deviation (SD) of 5.8 coregawith age group
30-40 years old so female objects are at the éndemage period and
heading to life span of stability in reproductiveystem hormones.
Noticing that age group 40-50 years old the ptoidevel is with SD

of 2.3 only when compared with 30-40 years oldugtoThis supports
the former explanation regarding 30-40 yeatd gooup, once such
abnormal elevation started it will continue ewvath age progress and
many remain stable till 50 years old age it wasted, or it may be

related to other disease in the immune systenttlontzs.

An explanation for such phenomenon may bet louil several
reasons: first, one may be attributed to an lamze of the endocrine
system related to prolactin releasing factbat seems to be with
high level (Kalsum and Jalali, 2002), second, énsge to be a problem
with feedback inhibition system that shouldnttol hormone level
within the body once there is an elevation or édase ( Nussey and
Whitehead, 2001). Third, some researchers at&ibsuch abnormality
to prolactin receptors at cell membrane whichsrupt normal
response to hormone level in the blood causirmmgash at its level
control. Fourth, some of female subjects swdwere candidate to
show breast cancer depending on their familyohysand clinical
examination which may explain control disruption lwdrmone level.

Regarding feedback inhibition or prolactin netoe response due to
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transformation phase of mammary cell from nornel to malignant
one as preliminary histopathology examinationwatb in some
patients (Arendét al., 2011).

According to Thorner and Bessg008) it has been suggested that
hypogonadism seen in hyperprolactinimic femalesiug to the high
circulating levels of prolactin interfering with éh action of the
gonadotrophins at the ovarian level and impgirinormal gonadal
steroid secretion which in turn alters the posifeedback effects at
the hypothalamic and pituitary levels. This leads the lack of
gonadotrophin cyclicity and to infertility. A milar association
between increased prolactin levels and reduoctio LH and FSH
occurs during infertility in females in pathologdidayperprolactinemia
(Neilly, 1987).

This study coincides with the study of Givesisal., (2006) that
showed females with higher levels of prolactin &uneal phase defects
have lower levels of FSH and LH during their memsitrcycle. Bevarmt
al.,(1992) suggested that a decline in gonadotrophin in
hyperprolactinimic females compared to normopradawic females
indicates that an association between gonadotropleficiency and
hyperprolactinemia and this may be an indirect sanfunctional
hypothalamic pituitary interruption due to the inmkory effect of

prolactin on gonadotrophin release.

In addition, this study agrees with the study ofefFfismeaet al.,
(1996) which reported a decrease in serum LH, F&tH Estradiol (E2)
levels in hyperprolactinimic females compared tanmaprolactinimic
females, and the study of Kalsum and Jalali, 22@0at showed highly
significant increase in serum prolactin level watlsignificant decrease in

serum LH and FSH levels was observed in hyperptioiagc females in
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different menstrual phases. According to Mohamméd, (2003)

increased prolactin levels may be the cause ofv éstrogen and
progesterone concentrations that resulted in aedserin serum LH and
FSH in infertile females. According to Emo Kapae, (2005) there may
be a failure at the hypothalamus or pituitary (lgygaadotropic-
hypogonadism) that leads to decreased in serum &$H LH with

increased in serum prolactin levels and resultemfiertility. Moreover,

this study coincides with study of Mohan and Swta(2010) who
suggested that a decrease in the level of LH innthgcycle clearly
indicates that there is a possibility of anovulatiorhich results in
infertility. The elevated prolactin values in infieg females clearly
indicate that there is a mechanism operatinghatanterior pituitary
level which shows an abnormal distribution of FSktld.H that may

further explain the abnormal or delay ovum matorati
3.2. Molecular analysis of hyper prolactinemia.

Many abnormalities in the endocrinesteyn and hormones
might be based on genetic abnormality at the emsér level, which
made this study to concentrate on main elembat tvas not referred
to by researchers, to estimate the severity oflitbease by the detection
and isolation of prolactin related RNA fromre®a other than blood
(Yueetal., 2010). It was possible to isolate RNA frasarum with a
concentration of 300 nanogram (ng) and purity .62 which was used
for complementary DNA (cDNA) specific amplifiean. The presence
of high levels of prolactin related RNA in ser may pose the
seriousness of the disease and an indicativetpresence of a fault
at the molecular level since such isolationRifIA was recommended

from whole blood by some researchers.
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3.2.1. Evaluation of PCR method for prolactin related RNA

amplification.

Two methods were used for cDNA specific amgpdifion, the
conventional method and hot start procedure. By paoing both
methods, the hot start method was better in yialtl @amplification since
the product concentration was about 100 mg a witdewarea of
occupation and sharpness when electrophoresedavosag gel as shown
in figure(3.4) and figure (3.5).

6 7 8 10 11 12 13 14 15

I\/I 1 1617 18 19 20 21 222324 2526 27

Figure (3.4): Agarose gel electrophoresis (2% agarose, 90 minutes, 90 V) for
prolactin PCR products visualized under U.V light after staining with ethidium
bromide. M: 100 bp DNA marker; lane 1: for control and lanes: 2-28 for
hyperprolactinimic infertile females.
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Figure (3.5): Agarose gdl electrophoresis for prolactin PCR products visualized
under U.V light after staining with ethidium bromide. M: 100 bp DNA marker;
lane 3and7 for control and lanes 2, 4, 5, 6, and 8 for hyperprolactinimic infertile
females.

There is a rational explanation of using the hattshethod in PCR
amplification such explanation may be attribute®RtdA conformation in
hyperprolactinimic patients. High level secretiomnda proposed
complication in RNA shape may require such methpdP&R resolve

such complication and obtain reliable resultadlerst al., 2009.
3.2.2. Evaluation of primers efficiency and specificity.

Primers used in this study were previpdssigned to amplify the
prolactin gene. Two of these primers gave a distiasult and product
by PCR amplification, those designated as hpRdllapRL2 while
TBP did not give any results by PCR amplificatiBneviously, both first
primers were designed to amplify specific exonaagat prolactin gene
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by Hattoriet al.,( 2006) while TBP was designed to detect theesgon
domain at prolactin gene by Reuwetral., (2011). Amplification of
sites for both first two primers may indightmsignificant in the
change percentage of prolactin gene to whiely tielated, while the
lack of product that regarding the third primer niystrate the dramatic
change in the expression level site of theegen

3.2.3. Interpretation of PCR results using prolactin specific primers.

Specific PCR amplifications were perfedn using the
conventional PCR method and hot start method. @&ii@es of the study
were subjected to this process using the threel@segned primers. The
amplified samples were shown in figures (3.6)d éB.7) were the
control (normal), patients with high prolactilevels (Group 30-40
years old) and the other two groups (20-3fryeld group and 40-50
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years old group).
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Figure (3.6): Analysis of DNA fragments resulted from RT-PCR of RNA from
subjects under study.

The figure shows the position and size of DNA bandkbp
photographed from electrophoresis. Analysis wasfop@ed using
PhotoCapt DNA analysis software.
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The obtained data in figures (3-5) and (3-6) arglamed through

comparing the bands of figure (3-6) (lines 8ifhwthe normal (lanes 3

and 7), exon 3 was highly expressed and attribitelde involvement of

prolactin as a factor of B-lymphoblastoid matunat{Bigaet al., 2005).
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Figure (3.7): Analysis of DNA fragments resulted from RT-PCR of RNA from

subjectsunder study.

The figure shows the position and size of DNA bamklbp photographed

from electrophoresis. Analysis was performed uditifgptoCapt DNA

analysis software.
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Figure (3.8): Analysis of DNA fragments resulted from RT-PCR of RNA from
subjectsunder study.

In figure (3.7) the primer used to amplify spexifegion at which
MRNA of coding region should appear. In norifcaintrol at lane 2)
the band appeared to be with high vyield ofdpct, sharp edges and
distinct among others while in patients (lane63-the band appeared
with less luminance and low yield. Even amgpatients lanes 3, 4,
5 to which DNA samples are from patients at ageig (31 - 40 years
old) with the most high level of prolactin, dppeared to be more
fante compared with age group (41 — 50 yeat lahe (5, 6, 8, 9)
while patients with age group (20 - 30) lan2 ¢115) showed more
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yield of PCR product and appeared to be morendisamong patients

samples from previous categories.

It is not worthy regarding hpRL3 primer whighve no product
by PCR, and was originally designed for prolaceoaptor abnormality
(Reuweret al., 2011). This may indicate the presence of normalagtin

receptor system among patients in the study.

From all above data, it was found that primers wibisitive results
were able to amplify a part of whole gene that waesigned for cDNA
synthesized during experiments. The size resuitad this amplification
was not suitable for sequences, thus restricti@tyars is recommended

for further analysis.

3.3. Protein profile Analysis of hyper prolactinemia

With the approach of the post genomic area and lpapu of
recombinant DNA technology, there has been reswg@n the use of
gel electrophoresis to identify and characterizaous gene products.
Electrophoresis is relatively simple, rapid, anghty sensitive tool to
study the properties of proteins thus, protemisserum from
hyperprolactinemic patients were analyzed usinfulosle acetate paper.
This method is simple and generally satisfactony distinguishing the
common types of protein and it is mostly used iofatories for rapid

detection of serum disorders.

Serum samples from patients and their relativese waken
proteins were separated and subjected to electregisoby cellulose -
acetate paper to identify abnormal levels amongefpelactinemic
patients and investigate the reason behind suadbrddis The results

obtained are shown in figure (3. 9).
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Figure (3.9): protein electrophoresis, lanes 2 and 6: normal (control), lanes 1,

3,4,5,7 and 8: patientswith hyperprolactinemia.

Result obtained showed that prolactin elevationseduan increase in
albumin level, this protein knows to run functios @ carrier of
hormones Zippelius et al., 1997. Such albumin elevation is a normal
response of body toward hyperprolactimia to be ablcope with such

case of abnormal elevation of prolactin.
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2. Materials and Methods.

2.1. Materials.
2.1.1. Apparatus.
The apparatus used in the study are shown below

Company / country
Apparatus

Gel —documentation Bio-Red / U.S.A
Heater — magnetic stirrer m
W Hettich / Germany

Minividas Bio mearex / France

PCR master cycler gradient Techne / U.K.
m Martini / Japan

Sensitive balance Mettlev / Switzerland

U.V. transilliuminator and Camer§ Flowgen / U.K.

_ Scientific industries / U.S.A.
Water bath Memmert / Germany
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2.1.2. Chemicals.

Promega/U.S.A
DNA Ladder Proteinase K

Diethyl pyrocarbonatq Ethidium bromide
(DEPC)

3-( N- morpholino) Tris — HCL
propan sulforic acid
(MOPS)

Fluka / Switzerland

Boric acid Bromocresol purple
Acetic acid Chloroform Formaldehyde

2- Mercaptoethanol Sodium hydroxide

Trichloroacetic acid Barbitone Sodium diethyl
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2.1.3. Kits.

Kits Company Country Cat- NO.
RNA Favorgen Taiwan 001-1
Purification mini
kit
Reverse Promega U.S.A A5001
transcription
system kit
LH Bio - Merieux France 06267K
FSH Bio - Merieux France 06268l
Prolactin Bio - Merieux France 06269H

2.1.4. Collection of samples.

Blood samples were collected from 150 dmgpolactinimic
infertle  women and 50 healthy women as armobnt Their ages
ranged between (20-50) years. A volume of a Smbpefipheral blood
was collected by vein puncture into sterildbet and incubated for
30 min. to allow blood clotting. The serum swaeparated from
blood cells by centrifugation at 2000 rpm for ffin. at room
temperature, then the serum was stored at uR@t used. These
samples were obtained from infertility centéAtYarmok Teaching
Hospital, St. Rafael Hospital and Al-Kindey TeadhiHospital starting
from November 2012 to February 2013.
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2.1.5.Solutions.
2.1.5.1. Sterile DEPC- treated solution.
A volume of 0.1 % DEPC was added to water, miaeernight,
and then autoclaved for 20 min to destroy DEPCyairdlysis.

2.1.5.2. Hormones kit

2.1.5.2.1. Fertility hormones (Butt and Blunt, 1988
The following kits were used for fertility hormasne
2.1.5.2.1.1.FSH
FSH levels were measured by the Bio — Merieuxskit 062681 marcy

I" Etoile — France, as instructed by the manufacturer

2.152.1.2. LH
LH levels were measured by the Bio — Merieux lat 86267K marcy

I Etoile — France , as instructed by the manufacture

2.1.5.2.1.3. Prolactin
prolactin levels were measured by the Bio — Merikt1 Sa. 06269H

marcy | Etoile — France , as instructed by the manufacture

2.1.5.3. RNA Purification Mini kit.
Favor Prep™ Total RNA Purificatibhni Kit from Favorgen,
Taiwan (001-1), ready to use that contained theviehg components:
* FARB Buffer (45ml).
* Wash Buffer1(60ml).
* Wash Buffer2 (35ml).
* Rnase- free ddH20 (6ml).

27



Chapter two materials and methods

2.1.5.4. Determination of RNA yield and purity (Sarbrook and
Russel , 2001).
2.1.5.4.1. Gel electrophoresis analysis of RNA
The following buffers and solutionsene used for gel
electrophoresis analysis of RNA.
s 10X MOPS electrophoresis buffer.

Three solutions were prepared separately for the PBIO

electrophoresis buffer. First solution was prepdrgdlissolving 41.8 gm
of MOPS in 700ml DEPC - treated water. The pH wijasted to 7.0 by
addition 2N of NaOH. A second solution was prepdrech 1M sodium

acetate.A third solution was composed of 0.5M EDTAH 8.0). The

final buffer was made by adding 20ml from the secsolution and 20ml
of the third solution to the first one, and theurak was completed to
1000ml. The final buffer was sterilized by filtrati through a 0.22um
Millipore filter then kept at room temperature.

* RNA sample buffer.
The RNA sample buffer was prepared by mixing 1damnamide
, 3.5 ml (37%) formaldehyde and 2 ml (10X) MOPSfeut This
buffer was stored at — 2C.

% The RNA loading buffer.
RNA loading buffer was prepared by mixing 5@¥%cerol , 1mM
EDTA and 0.4% Bromophenol blue.
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 RNA Marker.
RNA Marker range 0.28 — 6.6 Kb, Ready — to — useas used for
agarose (formaldehyde) gel electrophoresis.

2.1.5.5. Reverse Transcription System Kit.
GoScript™ Reverse Transcription systénfram Promega,

U.S.A ready to use. It wascontained the followsognponents:

» GoScript™ Reverse Transcriptase

* GoScript™ 5x Reaction Buffer

 MgCl2

* Recombinant RNasin Ribonuclease Inhibitor

* PCR Nucleotide Mix

* Random Primers

* Nuclease- Free Water
2.1.5.6. Green Master Mix.

Go Tag® Green Master Mix is a premixeddy to use solution
containing bacterially derived Taq DNA polymeradBTPs, Mgct and
reaction buffers at optimal concentration for efifee amplification of
DNA templates by PCR.

2.1.5.7. Go Tag® Hot Start Green Master Mix.

Go Tag® hot start green master mix @emixed ready to use
solution containing Go Tag® hot start polymeragdTls, MgCt and
reaction buffers at optimal concentrations for cint amplification of
DNA templates by PCR.
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2.1.5.8. Human prolactin primers.

Sequences of the primers used to amplify apion of the PRL

gene
Oligonucleotide§ ~ Sequence (5'-3) T GC% ” Reference
Forward primer || AAC ATG AAC AT({51.0( 38.0%
AAA GGA TCG (Hattori,
Reverse primer| TTA GCA GTT GTji52.538.0%| 2006)
GTT GTG GAT
Forward primer || GGG TTC ATT ACE56.0(52.3%
AAG GCC ATC IT (Sabharwal
Reverse primer] CAG TCG GTC CA8.2[57.1%)| etal., 1992)
GTA GGA CCT A|r
Forward primer || GTT CCA GCG CAM62.2(56.5%
GGG TTTCTG GT (Reuwer,
Reverse primer| GAG TCA TGG CAk®3.4|65.2% 2011)
CCT GAG GGG AG T

.2.1.5.9. DNA gel electrophoresis (Maniatiet al., 1982).
The following solutions were used r BNA electrophoresis.
2.1.5.9.1. (0.5 M) EDTA (pH 8.0).

A weight of 2.922 gm EDTA was dissaven 15 ml
deionized distilled water, and stirred vigorously @ magnetic stirrer.
The pH was adjusted to 8.0 using (10N) NaOH, tthen volume was
completed to 20 ml using deionized distilled watieen sterilized by

autoclaving.
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2.1.5.9.2. (5X) TBE buffer.

deionized distilled water 1000 ml

Then was sterilized by autoclaving

2.1.5.9.3. Loading buffer.

Tris — base pH 8.0 0.025 M

Bromocresol purple 0.25%

2.1.5.9.4. Ethidium bromide stock solution.

Ten milligrams of ethidium bromide dye welissolved in 1
ml of deionized distilled water stirrer on magneticrer for several hours
until the dye has dissolved. The container wrapia aluminum foil or
kept in a dark bottle and stored a€4

2.1.5.9.5. DNA ladder (100 bp).
DNA ladder 100- 1.500 bp containing 11 fremts supplied
in storage buffer 10mM Tris-HCL pH (7.5), 0.1 mM EA.

2.1.5.10. Protein electrophoresis by cellulose aa&t paper (Dacie and
Lewis, 1996).

The following buffers and solutions were useddtactrophoresis
by cellulose acetate paper
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2.1.5.10.1. Barbitone buffer pH 8.6.

Sodium diethyl barbiturate 5.15¢
Barbitone (diethylbarbituric acidH 0.92¢g
Distilled water 1000 ml

2.1.5.10.2. Staining solution.

Ponceau S 59
Trichloroacetic acid|| 7.5¢
Distilled water 1000 ml

2.1.5.10.3. Destainig solution.

Acetic acid 5 % (v/v)

50 ml

Distilled water

1000 ml

2.1.5.10.4. Clearing solution.

Glacial acetic acid 125 ml
Methanol 375 ml
Polyethylene glycol|| 20 ml
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2.2. Methods

Collection of blood samples

150 Hyperprolactinimic
infertile women

50 Healthy women as control

N

Separation of serum

RNA extraction
from serum

A

l

A

> Protein
electrophoresis

l

Measurement of fertility
hormones (FSH, LH and
PRL)

Reverse transcription

l

PCR

2.2.1. Sterilization methods.

A 4

Cellulose
acetate

» Autoclaving: solutions were sterilized by pressukessel
(autoclave) at 124C and 15 bar for 15 minutes.

Dry heat: A laboratory oven was used for glassveegilization.

Glassware was placed in the oven at ZD@or 2 hours.
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2.2.2. Determination of FSH, LH, and Prolactin levis (Butt
and Blunt, 1988)

In FSH test the assay principle combines an endgmainoassay
sandwich method with a final fluorescent detec({iebFA).

The solid phase receptacle (SPR), serves as tliepbaise as well
as the pipetting device for the assay. Reagentthéoassay are ready to
use and predispensed in the sealed reagent strips

All of the assay steps are performed automaticdlly the
instrument. The reaction medium is cycled in antdafuhe SPR several
times.

The sample is taken and transferred into the wefitaining
alkaline phosphate- labeled anti — FSH (conjugai@)e sample /
conjugate mixture is cycled in and out of the SRiResal times to
increase the reaction speed. The antigen bindstiiooaies coated on the
SPR and to the conjugate forming a “sandwich *“.

Unbound components are eliminated during the wasisieps.
During the final detection step, the substrate (dethyl — Umbelliferyl
phosphate) is cycled in and out of the SPR . Thgugate enzyme
catalyzes the hydrolysis of this substrate intduaréscence of which is
measured at 450nm. The intensity of the fluoressesqroportional to
the concentration of antigen present in the sample.

At the end of the assay, results are automaticallgulated by the
VIDAS in relation to the calibration curve storad inemory, and then
printed out.

All the previous steps were also applied LH and lgmtn

hormones.
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2.2.3. RNA Purification Mini Kit.
2.2.3.1. Procedure:

The extraction was briefly cadrigut as follow:
Aliquote of 100 pl of proteinase k (42.8 u/mg) was added to
microcentrifuge tube containing 5Q0 of the serum sample they
mixed thoroughly by vortexing.
Aliquot of 350ul of FARB buffer (B-mercaptoethanol added) was
added to the sample mixture and mixed vigorouslywbstexing,
then incubated at room temperature for 5 min.
The sample mixture was transferred to a filter owluset and
centrifuged at 14,000 rpm for 2 min.
The clarified supernatant was transferred from todlection tube
to a new microcentrifuge tube and the volume ofdlear lysate
was adjusted, one volume of 70% ethanol was aduleket clear
lysate and mixed well by vortexing.
The ethanol added sample (including any precpitaivas
transferred to FARB mini column set and centrifuggdl4,000
rpm for 1 min. then the supernatant was discarded.
Aliquot of 500 pl of wash bufferl was added to FARB mini
column and centrifuged at 14,000 rpm for 1min. theére
supernatant was discarded.
FARB mini column was washed twice with 7@Dof wash buffer
2 and centrifuged at 14,000 rpm for 1 min. then shpernatant
was discarded.
The column was dried by centrifugation at 14,000n ror
additional 3 min.

FARB mini column was placed in elution tube.
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» Aliquot of 50ul of Rnase- free water was added to the membrane
center of FARB mini column and standing for 1 min.

* RNA was eluted by centrifugation at 14,000 rpmZaonin.

 RNA was stored at -70c.

2.2.4. Determination of RNA yield and purity
spectrophotometrically.

This was carried out using Nanodrop device thatmaasure RNA
yield and purity in 260, 280 and 320nm.

2.2.5. Gel electrophoresis analysis RNA.

* 1.0% agarose / formaldehyde was prepared by mixi@@ mi
sterile deionized, and 1 gm agarose .

« The gel was heated, cooled to about®510 ml of 10X MOPS
electrophoresis buffer then added to18 ml formajdeh(37%) and
5ul of (10mg/ml) ethidium bromide were mixed wittetgel.

» The gel was poured in clean glass mold (16X12X4 @mndl
allowed to solidify at room temperature (25.

* RNA samples were prepared by mixing one part RNA@a with
two parts RNA sample buffer to total volume 10-3Qthese
samples were heated to ®5for 5 minutes and then cooled on ice
for two minutes . 2l of RNA loading buffer was added.

» The RNA samples were loaded, the gel was run aftcB.vThe
electrophoresis was continued until bromophenoé Ishugrated at
least 2/3 of the length of the gel.

* The gel was viewed under U.V. light using U.V. sélaminator.

36



Chapter two

materials and methods

2.2.6. Reverse Transcription System Kit.

2.2.6.1. Procedure:

The RT-PCR reaction was carried out followihg user manual

instructions:

* Aliquot of 1 pl of random primer was added to 4fIRINA sample

in a reaction tube.

e The RNA and primer mix were heated in°@0for 5 minutes and

then they immediately chilled in ice water for aas$t 5 minutes,

then they were centrifuged for 10 seconds in aauentrifuge.

* In a sterile 1.5 ml micro-centrifuge tubes the reeetranscription

reaction mix was prepared by combining the follayvin

Optimal values of various components in the standdization of RT-

PCR reactions.

Component Volume Concentration
GoScript™ Reaction 4 ul 5 X
buffer

MgCl2 6.4 ul 5mM
PCR nucleotide mix 1 pl 0.5 mM
Ribonuclease inhibitor (2 0.5 pl 1 unit/ pl
unit/ pl)

GoScript™ Reverse 1 pl _
Transcriptase

Nuclease Free Water 2.1 _
Total Volume 15 pl _
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* A volume of 5ul of RNA and random primer mix wasdad to
final volume 15ul of reverse transcription reactmix.
« The mixture was annealed at°@5for 5 minutes and then they

were extended at 42 for one hour.

« The reverse transcriptase was inactivated & 7@ 15 minutes.

2.2.7. PCR Amplification.

2.2.7.1 Procedure:

» The Go Tag® Master Mix was thawed at room tempeeatlihe
master mix was mixed by vortexing then it was sgibaefly in a
microcentrifuge.

» The reaction mix was prepared by combining theofuithg:

Optimal values of various components of the amplidiation.

Components Volume Concentration
Go Tag® Green 12.5 pl 1x

Master Mix

Upstream primer 0.5 pul 0.2 uM
Downstream primer 0.5 ul 0.2 uM
DNA template 5ul <250 ng
Nuclease free water 6.5 ul -

Final volume 25 pl -

» The reaction mix was placed in thermal cycler usirgprotocol

shown in table blew:
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The Optimal protocol of PCR amplification.

Thermal cycler No. of cycles Temperature/ Timg
protocol

Initial Denaturation 1 cycle 94 C for 2 min.
Denaturation 35 cycles ®€ for 30 Second
Annealing 56.5C for 30 Second
Extention 72° C for 1 min.
Final Extention 1 cycle 7ZC for 5 min.

* PCR products were analyzed by agarose gel eledresgis using

2% of the total reaction mix.

2.2.8. Hot Start Green Master Mix.

2.2.8.1.Procedure:

« The Go Tag® hot start green Master Mix was thawedoam

temperature. The master mix was mixed by vortexiren it was

spined briefly in a microcentrifuge.

» The reaction mix was prepared by combining theofuithg:
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Optimal values of various components of the amplifiation.

Components Volume Concentration
Go Tag® Hot Start Greer 12.5 pl 1x
Master Mix

Upstream primer 0.5 pul 0.2 uM
Downstream primer 0.5 ul 0.2 uM
DNA template 5ul <250 ng
Nuclease free water 6.5 ul -

Final volume 25 pl -

The reaction was placed in thermal cycler usingpr@ocol shown in
table blew

Optimal protocol of PCR amplification.

Thermal cycler No. of cycles Temperature/ Timg
protocol

Hot Start 96

Initial Denaturation 1 cycle 94 C for 2 min.
Denaturation 35 cycles ®€ for 30 Second
Annealing 56.5C for 30 Second
Extention 72° C for 1 min.
Final Extention 1 cycle 72for 5 min.

The PCR products were analyzed by agarose gelr@gbbciresis using
2% of the total reaction mix.
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2.2.9. Reverse transcription (RT) PCR product get¢lectrophoresis (
Maniatis et al. , 1982).

2% agarose gel was prepared by mixing: 100ml oKOI'BE
buffer and 2 gm agarose in aglass bottle. A gladtdebwas
heated in a magnetic stirrer with heater until #garose was
dissolved.

This solution was cooled to %O, 5 pl ethidium bromide was
added from stock solution and mixed thoroughly.

The clean glass mold (17X12X4 cm) was set on azbotal
section of the bench. The comb was set in pos@iéal.0 mm
above the surface of mold so that a complete wa#i Wormed
when agarose was added.

The warm agarose — solution was poured into thelmol

After the gel was completely set (20-30 min. at nmoo
temperature) the comp was carefully removed and géle
mounted in the electrophoresis tank which contagvipusly
small amount of 1X TBE buffer.

A volume of 600ml of 1X TBE was added to cover get in
depth about 1mm.

A volume of 10 pl of the sample of RT — PCR prddwas
mixed with 2 ul of loading buffer. The mixture wast slowly
into the slots of the submerged gel using an auioma
micropipette.

A volume of 5 pl of DNA marker was mixed with 1 pf
loading buffer. The mixture was set slowly into #lets of the

submerged gel using an automatic micropipette.
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* The gel was subjected to electrophoresis at 8G woitil the
bromophenol blue tracking dye, migrated at least-thirds of
the way down the gel.

« The gel was examined by ultraviolet light using aUV
transilluminator then photographed.

2.2.10. Protein electrophoresis.

2.2.10.1. Electrophoresis by cellulose — acetataper (Daci and

Lewis, 1996).

* The compartments of the electrophoresis tank wled with
barbitone buffer and the wicks were soaked andipasd in place.

* The cellulose paper was soaked in a separatedrdisrbitone buffer
for at least 5 minutes. The paper was immersed Igldav avoid
trapping air bubbles and ensure even saturatidmeofnembrane.

 The membrane was placed between two pieces oflarsgqrapers.

* A small volume (10ul) of each diluted sample was placed into the
sample well.

 The applicator was dipped into the sample wellg] #re samples
were applied to cellulose — acetate membrane appabaly 3 cm
from one end of the membrane. The tips of the apfdr were
allowed to remain in contact with the membrane3fseconds.

* The cellulose — acetate membrane was placed atredsidge of the
tank so that the membrane surface is in contadt thi¢ buffer, with
the line of the cathode end.

* The power supply was connected and run at 250 —v8a@0for 20
minutes or until a visible separation is obtained.

 The power supply was disconnected, and the ce#ulesacetate

membrane was removed and stained in ponceau SHfé&rr@inutes.
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« The membrane is then removed, drained, and thesgxs@in was
eluted with three changes of destaining solutior2fminutes each.
 The dehydration was performed in absolute methdool2 — 3

minutes.
« The membrane then was immersed in clearing solubon6 — 8
minutes.

« After clearing the membrane it was dried al65or 4 — 6 minutes.

2.3. Statistical analysis.

Statistical analysis was done usingitdin 15 statistical analysis
software. Two way ANOVA test was used to compairféent groups
among each other and with control. All values wexpressed as Mean +
Standard Deviation of the mean (M = SD). P valu@.85 was regarded

as statistically significant.
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Chapter Four Conclusions and Recommendations

4. Conclusions and Recommendations.
4.1. Conclusions.

1- There is an association between gonadotrophin (FSH and LH)
deficiency and hyperprolactinemia and this may be a sign of functional
hypothalamic pituitary interruption due to the inhibitory effect of

prolactin on gonadotrophin release.

2- Isolation of prolactin related RNA from serum may be considered as
an indicator for the presence of a fault a the molecular leve in

prolactine gene.
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Chapter Four Conclusions and Recommendations

4.2 Recommendations

1-Performing DNA sequencing of prolactin promoter region to

determine the transcription factor(s) that regul ate the gene expression.

2-Real time quantitative PCR may be needed to detect the expression

domain of prolactin gene.

3- For smal DNA fragments resulted from cDNA amplification, a

restriction analysis can performed for comparison between them.
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