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Abstract

Prolactin is a 23 kDa single chain protein of 199 amino acids synthesised and released principally by lactotrophs in the anterior
pituitary gland. The secretion is mainly under inhibitory control by hypothalamic dopamine and regulated in a negative feedback
manner, with prolactin itself providing the afferent signal: short-loop feedback. The main function of prolactin is during pregnancy
and lactation in the development of mammary glands, milk synthesis and maintenance of milk secretion. Serum prolactin levels
rise rapidly during pregnancy with increase in the size and number of lactotrophs. During lactation suckling induces rapid
secretion of prolactin via a neuroendocrine reflex pathway. In the absence of pregnancy, hyperprolactinaemia may present
with symptoms of hypogonadotropic hypogonadism including menstrual disturbance and infertility or visual symptoms from
a pituitary mass effect by a prolactinoma, the most common pituitary tumour. Hyperprolactinaemia is diagnosed by laboratory
measurement of serum prolactin. There is considerable variability in routinely available prolactin immunoassays as a result of
differing reactivity towards monomeric prolactin and macroprolactin and lack of commutability of the WHO 3™ International
Standard between routine methods. Macroprolactinaemia is a relatively common cause of interference in the prolactin assay that
may lead to incorrect diagnosis and unnecessary investigations. Measurement of prolactin post polyethylene glycol precipitation
(PEG) when prolactin levels are above the reference interval is routinely used to identify macroprolactin, however harmonisation
of PEG precipitation process and reporting may improve clinical care.

Introduction

A lactogenic effect from injecting anterior pituitary extracts
into castrated virgin rabbits was first demonstrated in 1928
by Stricher and Greuter.! Then in 1933 Riddle and colleagues
purified the responsible hormone and named it prolactin in
recognition of its major role in lactation.? Since that time
prolactin has been shown to have more than 300 actions
across reproduction, metabolic, fluid and immune regulation
systems and mediated via endocrine, autocrine and paracrine
activities.> In this review we aim to update the reader on
molecular, biological and analytical aspects of this fascinating
hormone.

Prolactin Chemistry and Biology

Molecular Forms

In humans, prolactin is encoded by a single gene on
chromosome 6 which consists of six exons and four introns.*
Following cleavage of the 28 amino acid signal peptide,

the mature 23 kDa protein consists of 199 amino acids.” It
belongs to the cytokine family of proteins, characterised by
a 3D structure comprising four antiparallel a helices, and
has strong structural homology with growth hormone and
placental lactogen.®

Numerous variants of the prolactin protein have been identified,
many of which result from post-translational modifications of
the mature protein including phosphorylation, glycosylation,
sulfation and deamidation.®’ In addition to monomeric 23 kDa
prolactin, two other major forms are present in the circulation:
‘big prolactin’ and ‘big-big prolactin’ (macroprolactin). Big
prolactin is the dimer of monomeric form and big-big prolactin
comprises high molecular mass (>150 kDa) complexes of 23
kDa prolactin and IgG autoantibodies. Both these forms have
minimal biological activity.® Figure 1 depicts the structure of
monomeric prolactin, big prolactin and big-big prolactin.’
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Figure 1. Structure of monomeric prolactin, “big-prolactin” and “big-big prolactin”. Figure 1 adapted from reference 9 with

permission.

Proteolytic cleavage of the 23 kDa protein also generates
smaller prolactin variants of 14 kDa, 16 kDa and 22 kDa
prolactin.® The 16 kDa variant is a product of cleavage of
prolactin at the long loop that connects the third and fourth
a helices. This cleavage can occur outside the cells in the
interstitial medium and, therefore, in the vicinity of blood
capillaries. The 16 kDa prolactin is also known as vasoinhibin
due to its inherent antiangiogenic properties by binding to
endothelial cells."

Prolactin Receptor

The prolactin receptor (PRLR) is a member of the
haematopoietic cytokine receptor superfamily.® It comprises of
an extracellular domain, a single transmembrane domain and
an intracellular signal-transducing domain. The extracellular
domain contains two disulfide bridges that are essential for
ligand binding. The cytoplasmic domain contains two regions
(Box 1 and Box 2) that are highly conserved among cytokine
receptors. Box 1 is a membrane-proximal region composed
of eight amino acids, is very rich in proline and hydrophobic
residues and adopts a consensus folding conformation that is
specifically recognised by transducing tyrosine kinases.

The human PRLR gene, located on chromosome 5, contains
at least 10 exons, but alternative splicing results in several
different isoforms.* These isoforms have an identical
extracellular domain, but differ in the size and sequence of the
intracellular portion which can be short, intermediate or long.
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A soluble PRLR (PRL-binding protein), which contains only
the extracellular domain of the membrane receptor has also
been identified.! The main isoform of PRLR found in humans
is the long form.! In addition to prolactin, the human PRLR
can also bind placental lactogen and growth hormone.'?

Molecular Signalling and Effect

Human PRLR dimers associated via the transmembrane
domain are constitutively expressed on cell surfaces.'>!
PRLR heterodimers of long and short isoforms are
functionally inactive and homodimers require binding by a
ligand for signal transmission because PRLR does not have
intrinsic tyrosine kinase activity. Binding of ligand (prolactin)
to two extracellular interaction sites on pre-dimerised PRLRs
triggers a change in the conformation of the receptor dimer
leading to the initiation of intracellular signal transduction.'s

Prolactin signalling through the long isoform activates many
kinases including receptor associated JAK-2, Src family of
tyrosine kinases (Src) and phosphatidylinositol 3-kinase
(PI3K)/AKT, mitogen-activated protein kinase (MAPK)3
and serine/threonine kinase Nek3—Vav2-Racl pathways.'*"?
JAK2 phosphorylates tyrosine residues on the intracellular
part of the receptor and autophosphorylates residues within
itself. JAK?2 also phosphorylates cytoplasmic members of the
signal transducer and activator of transcription (Stat) family.
Activation of Src is required for cell proliferation (including
Src kinase) which stimulates expression of the long PRLR



isoform as well as downstream signalling pathways in the
mammary gland. An emergent member of the prolactin
signalling cascade, Arf-GAP with GTPase, ANK-repeat
and PH-domain-containing protein 2 (commonly known
as PI3-kinase enhancerA; PIKEA), associates directly
with both STAT5 and PRLR, which is an essential event
for prolactin-induced activation of STATS and subsequent
gene transcription.” These signalling events induce several
prolactin-responsive genes, such as those encoding proteins
involved in cell proliferation and cell differentiation.

Regulation of Prolactin Secretion

Although inhibitory regulation of prolactin secretion was
clearly demonstrated in the 1950s, it was not until much
later that dopamine was established as the principal factor
responsible for the inhibition of prolactin synthesis and
secretion.?! The critical role of dopamine in suppressing
endogenous prolactin secretion was clearly demonstrated
by the identification of dopamine receptors in anterior
pituitary lactotrophs and the observation that mice lacking the
dopamine D2 receptor were hyperprolactinaemic.?>?

The dopamine neurons that control prolactin secretion are
located within the arcuate nucleus of the hypothalamus. These
neurons have been subdivided into three sub-populations based
on the anatomy of their projections: the tuberoinfundibular
(TIDA), tuberohypophyseal (THDA), and periventricular
hypophyseal (PHDA) dopaminergic neurons.’ TIDA neurons
arise from the dorsomedial arcuate nucleus and project to the
external zone of the median eminence secreting dopamine
into the pituitary portal blood vessels. THDA and PHDA
neurons have their cell bodies located slightly more rostrally,
but their projections pass through the median eminence to
the hypophysis and dopamine secretion into the short portal
vessels. While anatomically distinct, all three populations
appear to be regulated similarly.?* TIDA neurons exhibit a
robust oscillation between hyperpolarised and depolarised
states, and a spontanecous firing during the depolarised
‘up-state’. Patterns of firing of an individual TIDA neuron
were reflected in the pattern of dopamine release from the
population, suggesting that the neurons act as a synchronous
network to release dopamine in a pulsatile or phasic fashion.?

Of the five dopamine receptors, the two D2-like receptors,
D2 and D4 are found in the pituitary gland. Lactotrophs are
the only anterior pituitary cells that display spontaneous
electrical activity in the absence of hypothalamic stimulation.
Ca? influx through voltage-gated Ca’" channels (VGCC)
stimulates prolactin secretion which accounts for the basal
prolactin secretion, and is consistent with a regulatory
mechanism primarily based on inhibition. Dopamine inhibits
calcium influx resulting in membrane hyperpolarisation

Prolactin and Macroprolactin: An Update

Inhibition
Serotonin
Noradrenaline
Histamine
Opioid peptides
Galanin
Somatostatin
Cholecystokinin
GABA
Estrogens
[\[e]

Stimulation

Acetylcholine

Angiotensin

Prolactin Prolactin

(Pituitary) (Pituitary)

Figure 2. Factors affecting dopamine neurons and control
of prolactin secretion and short loop feedback. TIDA
= Tuberoinfundibular dopaminergic neurons, TRH =
Thyrotropin releasing hormone, VIP = Vasoactive intestinal
polypeptide, GABA = y amino butyric acid, NO = nitric oxide

which inhibits prolactin secretion. Furthermore it suppresses
adenylate cyclase thereby inhibiting prolactin gene
expression.?® Dopamine also plays a significant role in the
regulation of lactotroph proliferation as well as in suppression
of oestradiol-induced proliferation.

Numerous factors have been identified to act on dopamine
neurones, thereby indirectly regulating prolactin secretion
(Figure 2). Factors that inhibit actions of the dopamine
neurons thereby stimulating prolactin release include
serotonin, noradrenaline, histamine, opioids, galanin,
somatostatin, cholecystokinin, y amino butyric acid (GABA),
nitric oxide and oestrogen.” Oestradiol also regulates
prolactin gene expression to promote prolactin secretion.”’
Factors that stimulate dopamine neurons and thereby inhibit
prolactin release include acetylcholine, thyrotropin releasing
hormone, oxytocin, vasopressin, vasoactive intestinal peptide,
pituitary adenylate cyclase-activating peptide, angiotensin
II, neurotensin, neuropeptide Y, calcitonin, bombesin like
peptides, atrial natriuretic peptide and prolactin itself.?®

Short-loop Feedback

Although hypothalamo-prolactin lacks the classical anterior
pituitary hormone-mediated negative feedback pathway, it is
still regulated in a negative feedback manner, with prolactin
itself providing the afferent signal. Prolactin regulation of
dopamine neurons is mediated by multiple mechanisms over
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different time courses. The time course of prolactin action
has a ‘rapid’ component of increased activity and a delayed
component.

Electrophysiological data have shown that prolactin induces
a fourfold increase in firing rate within seconds to minutes,
acutely changing the firing pattern from a basal phasic pattern
to a tonically active pattern.>?*3° The very rapid action
involves two components: a low voltage component from
transient receptor potential (TRP)-like current and high voltage
component from inhibition of a Ca?*-dependent current. The
slower component, with a time course of minutes to hours,
likely involves prolactin induced serine phosphorylation of
tyrosine hydroxylase resulting in increased enzyme activity.
The delayed component of prolactin action on dopamine
neurons is likely through reduced expression tyrosine
hydroxylase.’!

Together, these three layers of regulation provide tight
homeostatic control, with prolactin rapidly increasing the
firing rate of these neurons to induce increased dopamine
secretion and rapid suppression of further prolactin secretion
from the lactotroph. At the same time, slower but more
prolonged changes in tyrosine hydroxylase phosphorylation
and transcriptional events regulate dopamine production and
secretion over a much longer time-course.?!

Biological Functions/Effects of Prolactin

Lactotrophic Functions

The main role of prolactin is promoting milk synthesis and
maintaining lactation postpartum. In pregnant women,
increasing oestrogen secretion stimulates proliferation of
the lactotrophs, resulting in increased prolactin secretion.
Prolactin stimulates mammary gland growth and, together
with oestradiol, progesterone, placental lactogen, insulin
and cortisol prepares the breast for postpartum lactation.
At the same time, high oestrogen concentrations inhibit the
lactotropic effect of prolactin in the mammary gland. The
fall in oestrogen levels to non-pregnant levels after delivery
results in the initiation of lactation.

Adaptations to Short-loop Feedback during Lactation
Normal negative feedback regulation of prolactin secretion
dominates until late pregnancy. Placental lactogens produced
during pregnancy bind to and activate PRLR stimulating
prolactin responsive functions and bypasses the feedback
inhibition although prolactin remains dominant over placental
lactogens in human pregnancy. The continued increase in
prolactin during human pregnancy is thought to be due to
stimulatory effect of oestrogen on TIDA neurons thereby
inhibiting dopamine release as well as its stimulatory effect
on lactotrophs resulting in hyperplasia.*
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In late pregnancy there is a decrease in activity of the
hypothalamic dopamine neurons associated with a nocturnal
surge in pituitary prolactin secretion immediately before
parturition. Hypothalamic dopamine neurons no longer
release dopamine in response to prolactin or placental
lactogen, rendering the short-loop negative feedback system
functionally inactive and this adaptation persists during
lactation.*® Although PRLR expression in the dopamine
neurons is maintained and acute electrophysiological
responses to prolactin persist, there is a change in the cellular
response downstream of the PRLR. Phosphorylation of
tyrosine hydroxylase is decreased and activation of STAT5b in
dopamine neurons is also reduced during lactation.’*** At the
same time, there is an increase in met-enkephalin expression
in the dopamine neurons and it seems possible that elevated
prolactin may drive this met-enkephalin expression.***’ Hence,
the neurons essentially change their phenotype, changing from
being dopaminergic to enkephalinergic possibly mediating a
completely different function of prolactin in the brain during
lactation.

There is a highly coordinated release of prolactin during
lactation, caused by the suckling stimulus. It has been
postulated that a suckling induced ‘prolactin-releasing factor’
may be involved in stimulating prolactin secretion at this
time.*® It is well established that enkephalin can promote
prolactin secretion.” While most evidence suggests that
this effect is mediated centrally through regulation of TIDA
neurons, it can also act in the pituitary gland to antagonise
dopaminergic inhibition of lactotrophs.*

Recent advances in understanding neuronal pathways suggest
a direct neuronal pathway conveying the suckling stimulus
by transmitting the somatosensory afferent information from
the nipple via the spinal cord to the hypothalamus. Neurons in
this pathway express the peptide tuberoinfundibular peptide
of 39 residues (TIP39).4? This peptide, acting through the
parathyroid hormone 2 receptor to suppress activity of TIDA
neurons, may be a critical regulator of prolactin secretion in
response to suckling.*

Reproductive Effects

The main mechanism by which prolactin influences
the gonads is by inhibition of gonadotropin-releasing
hormone (GnRH) secretion leading to hypogonadotropic
hypogonadism. Although GnRH neurons were thought to
be directly regulated by prolactin, it has been demonstrated
that only a very small percentage of GnRH neurons express
the PRLRs and membrane excitability of GnRH neurons is
not acutely modulated by prolactin.** Recent studies have
shown that prolactin may modulate the reproductive axis
by acting on a specific population of hypothalamic neurons



that express the KissI gene.*** The Kiss! gene encodes
neuropeptides, known as kisspeptins, that are critically
involved in reproduction. Most of these neurons co-express
the PRLRs and an acute prolactin stimulus can induce pSTATS
in Kiss I-expressing neurons. Kisspeptinl reduces secretion of
GnRHI from hypothalamic neurons resulting in reduced LH
and FSH secretion and loss of ovarian stimulation, which can
result in infertility.** Prolactin also decreases sensitivity of
the luteinizing hormone (LH) and of the follicle-stimulating
hormone (FSH) receptors in the gonads.

Effects on Other Hormones

Prolactin improves glucose homeostasis by increasing
B-cell mass under certain conditions such as pregnancy,
whereas hyperprolactinaemia due to a pituitary gland
adenoma exacerbates insulin resistance.*>*° In diabetic rats,
it was observed that high levels of prolactin exacerbate
insulin resistance and impair the insulin-secretory capacity,
in contrast to the normal adaptive increases in glucose-
stimulated insulin secretion and insulin sensitivity realised
with moderately increased prolactin levels.® Prolactin also
enhances dihydroepiandrosterone (DHEA), cortisol and
aldosterone secretion by the adrenal cortex cells.’!

Effects on the Immunological System

Prolactin is also produced by lymphocytes and other
immune cells. It acts as a cytokine and plays an important
role in human immune responses.”> Prolactin effects on
immunological systems may depend on concentration,
resulting in immunostimulation at modest levels and
inhibition at high levels.>*** For example, in many cases of
autoimmune diseases, the severity of the disease is lower or
even remitted during pregnancy when serum prolactin level is
elevated.>® On the other hand, there is an association between
autoimmune diseases and moderate hyperprolactinaemia
suggesting that prolactin is implicated in the initiation of the
autoimmune reactions.>

Other Functions

Prolactin is involved in osmoregulation, acting to increase
water and salt absorption in all segments of the bowel and
reduce renal Na+ and K+ excretion.”® It can also stimulate
proliferation, differentiation and migration of neuronal stem
cells.’® It has been observed that prolactin has a proliferative
effect on glial progenitors and oligodendrocyte precursor cells,
leading to myelination of central nervous system (CNS).>

Hyperprolactinaemia

‘Hyperprolactinaemia’ refers to an increase in circulating
prolactin levels, usually producing reproductive problems
in both sexes, particularly anovulatory infertility in women.
The prevalence of hyperprolactinaemia is difficult to establish

Prolactin and Macroprolactin: An Update

Table 1. Clinical settings where prolactin is commonly
requested.

Investigation of:

Menstrual irregularities amenorrhea and

oligomenorrhea
Infertility

including

Galactorrhea

Sexual dysfunction
Gynaecomastia in men
Suspected pituitary dysfunction
Suspected pituitary mass lesion

Prior to initiation of some antipsychotic medications
(baseline)

Monitoring of prolactin levels in patients on antipsychotic
medications

due to the non-specific nature of the symptoms and because
not all patients are symptomatic or undergo prolactin
measurements. Estimates of prevalence have been reported as
approximately 0.4% in unselected normal population, 5% in
a family planning clinic population and 17% in women with
reproductive disorders.’

Table 1 shows some clinical settings where prolactin
measurements are commonly requested.

Causes of Hyperprolactinaemia

Hyperprolactinaemia may be divided into three types:
functional/physiological, factitious/analytical, and pathological
hyperprolactinaemia.

An example of physiological hyperprolactinaemia is the
marked prolactin increase seen in pregnancy and during
lactation. Increased concentrations may also occur with
high-protein diets, stress (including venepuncture), physical
exertion, hypoglycaemia, or sexual intercourse,”® prolactin
levels in these situations are typically less than 1000 mIU/L.
Functional hyperprolactinaemia secondary to the use of
therapeutic medications that inhibit secretion of dopamine or
its action in the pituitary is common;>*% increases up to ten-
fold over baseline may be seen. Some medications known to
cause hyperprolactinaemia are shown in Table 2.

Analytical causes of falsely elevated prolactin levels are
also not uncommon. These include macroprolactinaemia
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Table 2. Medications that cause hyperprolactinaemia.

Drug Class

Examples

Dopamine receptor 2 antagonists

First generation antipsychotics

Second generation antipsychotics

Other D2 receptor antagonists

Antidepressants

Mono amine oxidase inhibitors

Antihypertensives

Opioid analgesics

Chlorpromazine
Fluphenazine
Haloperidol

Paliperidone
Risperidone
Quetiapine
Amisulpride
Amoxapine
Metoclopramide
Domperidone
Anmitriptyline
Desipramine
Clomipramine
Amoxapine
Pargyline
Clorgyline
Methyldopa
Verapamil
Morphine
Methadone

and analytical interference by human anti-mouse
monoclonal antibody (HAMA) or heterophile antibodies.
Macroprolactinaemia is present in 3.7% of the general
population®' and in 10-25% in patients with raised prolactin

results. %6

Pathologic hyperprolactinaemia is mainly due to sellar
and parasellar lesions, including pituitary adenomas
(prolactinoma, growth hormone/prolactin-secreting and
adrenocorticotropic hormone/prolactin-secreting adenomas),
non-pituitary tumours and infiltrative conditions such as
sarcoidosis, craniopharyngioma, empty sella syndrome,
vascular malformations, pituitary metastases
functioning adenomas compressing the pituitary stalk).
Prolactin levels >2000 mIU/L are rare in hyperprolactinaemia
secondary to a non-functioning pituitary adenoma.’

or non-

Prolactinomas are the most frequent organic cause of
prolactin excess and the most common hormone-secreting
pituitary tumours. They represent approximately 40% of all
pituitary tumours with an estimated prevalence of 100 per 1
million populations.®® Prolactinomas are mainly diagnosed
in women aged 2040 years. After the fifth decade of life,
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frequency of prolactinomas becomes similar in both sexes.
Prolactinomas may infrequently present as a component of
multiple endocrine neoplasia type 1 (MEN1) when they seem
to be more aggressive than sporadic prolactinomas.”” Women
present more commonly with microadenomas (<1 cm in size)
than macroadenomas (>1 c¢m in size), while men present more
frequently with macroadenomas than microadenomas. %

Prolactin values between the upper limits of normal and
2000 mIU/L may be due to psychoactive drugs, oestrogen,
renal failure or functional (idiopathic) causes, although these
levels can also be caused by microprolactinomas.” In general,
serum prolactin levels parallel tumour size. Most patients with
prolactin levels over 3000 mIU/L (five times higher than the
normal values) will have a prolactinoma. However it should be
noted that some drugs such as metoclopramide, risperidone,
or phenothiazines may induce prolactin levels higher than
3000 mIU/L. Macroadenomas are typically associated with
levels of over 5000 mIU/L, and in some cases over 20000
mIU/L.” These values are not absolute as prolactinomas can
present with variable elevations in prolactin, because there
may be dissociation between tumour mass and hormonal
secretion. Furthermore, the cause of the hyperprolactinaemia



may be due to compression of the pituitary stalk by a tumour
other than a prolactinoma.

Hyperprolactinaemia often occurs in polycystic ovary
syndrome (PCOS), chronic renal failure, hepatic cirrhosis,
epilepsy, injuries of the chest, polycystic ovary syndrome,
pseudopregnancy, primary hypothyroidism, Cushing’s
disease, and Addison’s disease.”7

Patients are considered to have idiopathic hyperprolactinaemia
when secondary causes have been ruled out and no lesion
is seen on pituitary magnetic resonance imaging (MRI).
Idiopathic hyperprolactinaemia may have a microadenoma
<2 mm which is too small for detection by MRI or may be
familial. Familial idiopathic hyperprolactinaemia is caused by
a germline heterozygous mutation in PRLR disrupting ligand
binding and downstream signalling resulting in prolactin
insensitivity.”

Clinical Presentation

Although  hyperprolactinaemia  is
hypogonadotrophic hypogonadism in both sexes, the clinical
manifestations are gender-specific. Women generally present
with oligomenorrhea or amenorrhea and anovulatory cycles
(due to inhibition of LH and FSH pulsatile secretion),
galactorrhea and/or infertility. They may be affected by
premenstrual syndrome, dyspareunia, hirsutism and tendency
to anxiety and depression. In men hyperprolactinaemia
typically presents with symptoms such as impotence and
loss of libido, gynecomastia/galactorrhea and infertility.”®
However, in men, symptoms can be subtle and are often only
recognised at an advanced stage.”’

associated  with

Bone loss and progressive atherosclerosis due to an indirect
decrease in oestrogens secretion can also occur as a
consequence of hypogonadism in both sexes. Furthermore,
patients with hyperprolactinaecmia have an altered body
composition with increased fat mass and reduced lean mass.

In pre-menopausal women, menstrual disturbance is acommon
consequence of drug-induced hyperprolactinaemia. Over
30% of women on antipsychotics with hyperprolactinaemia
have serum oestradiol levels in the post-menopausal range,
and there is an association between the prolactin elevation
and the subsequent sex hormone deficiency.”® Symptomatic
galactorrhoea may occur in up to 20% of patients.” A higher
rate of sexual dysfunction in patients treated with the prolactin-
elevating drugs has also been reported.®® Antipsychotic-
induced hyperprolactinaemia results in hypogonadism and
significant bone loss may occur in both genders.

Hyperprolactinaemia caused by a pituitary macroadenoma

Prolactin and Macroprolactin: An Update

may present with headaches induced by elevated intracranial
pressure, visual field defects (initially affecting upper-outer
quadrants which may progress to complete bi-temporal
hemianopia) caused by optic chiasm compression and diplopia
secondary to compression of intracavernous segments of the
cranial nerves (11, IV, ophthalmic V1, maxillary V2, VI).

In 219 hospitalised patients with prolactinoma at diagnosis,
men generally were admitted due to symptoms of tumour
compression and women for gonadal dysfunction and
galactorrhea.®®

Diagnosis

The first step
hyperprolactinaemia is a detailed history of the clinical
symptoms as well as possible causes of hyperprolactinaemia
including medications, comorbidities and lifestyle factors.
The physical examination is directed towards evaluation of
signs of hypothyroidism, hypogonadism, renal failure and
visual field defects.

in the diagnosis and evaluation of

The main investigations in the diagnosis of a
hyperprolactinaemia are hormonal and radiological. A
single serum prolactin result obtained without excessive
venepuncture stress above the upper limit of normal is
sufficient for the diagnosis of hyperprolactinaemia. A fasting
blood sample at least 2-3 h after waking up from sleep
should be collected. Reference intervals for any given assay
are higher in women than in men. Although some dynamic
functional tests to differentiate idiopathic from prolactinomas
have been proposed, none is recommended. Laboratories
should exclude macroprolactinaemia in all samples above
the gender-specific reference interval. When the results are
doubtful (mild prolactin elevations e.g. due to stress) or
inconsistent with the clinical picture, the measurement may
be repeated on another day with 2-3 samples taken at 15-20
min intervals to minimise the effect of pulsatility.”

After hyperprolactinaemia is confirmed, imaging with MRI
or computerised tomography (CT) is necessary to define the
presence of a lesion compatible with a pituitary tumour.

Hypoprolactinaemia

Hypoprolactinaemia has recently been associated with
conditions that may be clinically significant, especially in
males.®! Low prolactin has been associated with reduced
ejaculate and seminal vesicle volume in infertile patients.
In addition, low prolactin levels have been associated with
erectile dysfunction, premature ejaculation, and have been
identified as an independent predictor of major adverse
cardiovascular events. Furthermore it has also been associated
with anxiety or depressive symptoms in men.
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Figure 3. Performance of four commonly used prolactin assays in RCPA Endocrine Program Cycle 47. Top row-Youden plots;
Bottom row - corresponding accuracy analysis for Youden plots. With permission from Royal College of Pathologists Australasia

Quality Assurance Program (RCPAQAP).

Prolactin Assays and Macroprolactinaemia

Prolactin Assays

Prolactin concentrations in blood are predominantly
measured in clinical laboratories by automated immunoassay
methodology. Current immunoassays typically employ a two-
site immunometric or sandwich principle whereby prolactin is
allowed to react with both a capture antibody, which is often
immobilised on a solid phase, and a labelled antibody which is
used for detection. Following capture of the analyte-antibody
sandwich and removal of unreacted reagents by a wash step,
the signal generated is directly related to the amount of
prolactin present. Although such assays show good within-
method agreement over a wide concentration range there
are considerable between-method differences despite wide
adoption of World Health Organization’s third international
standard for prolactin, 84/500. This reference material is
exclusively 23 kDa monomeric prolactin derived from human
pituitaries but demonstrates a lack of commutability between
methods.®” Concentration differences are exacerbated in
external quality assurance programs. Furthermore there is
variation in the reactivity of the assay antibodies towards
the different isoforms of prolactin.®* Therefore the reference
intervals are assay dependent and vary considerably between
methods. The performance of four commonly utilised
prolactin assays currently in use in Australia is shown
in Figure 3. Some of this bias may be attributable to non-
commutability of the material used in the RCPA Endocrine
program. True bias should be assessed using patient samples.
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For example, Figure 4 shows assay bias between Siemens and
Roche Prolactin assays performed at the authors’ institution.

Cross reactivity in prolactin assays with structurally related
molecules such as growth hormone and placental lactogen
has been minimised by use of antibodies directed against
two different epitopes on the prolactin molecule. However,
all sandwich or immunometric assays are susceptible to
interference from heterophilic antibodies which typically
give falsely elevated prolactin level which may result in
unnecessary investigation/interventions and patient anxiety.
As manufacturers commonly add “blocking agents” to
minimise such interference, heterophile antibody interference
is uncommon and assay issues with macroprolactin are more
prevalent. As with any immunometric assay, prolactin is
also susceptible to high-dose hook effect which causes gross
underestimation of prolactin and may consequently miss a
prolactinoma.

Macroprolactin

As discussed above, macroprolactinaemia is characterised
by the presence of a molecular mass of prolactin greater than
150 kDa as the predominant molecular form of circulating
prolactin. Macroprolactin is mostly a complex of prolactin
with IgG, especially anti-prolactin autoantibodies.* Anti-
prolactin autoantibodies bind to monomeric prolactin
forming a large immune complex of prolactin with IgG.
Delayed clearance of this complex increases measured
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Figure 4. Comparative performance of prolactin between Roche Cobas vs Siemens Centaur on serum samples (n=40).

serum prolactin concentrations. As previously mentioned,
macroprolactinaemiamaybepresentin 10-25%inpatients with
hyperprolactinaemia.®*% Patients with macroprolactinaemia
often lack typical clinical symptoms of hyperprolactinaemia
as this form is biologically inactive.®® Macroprolactinacmia
can lead to clinical dilemmas due to misinterpretations of
biochemical testing leading to investigations and interventions
which are not only unnecessary but costly and may cause
harm. Current best practice recommends that sera with
elevated prolactin are subfractionated using polyethylene
glycol (PEG) precipitation to provide an indication for
whether or not macroproalactin is present.®*%’

Detection

Macroprolactin has been found to react in all immunoassays
for prolactin that have been tested, albeit to variable
extents.®® The variable reactivity in assays for prolactin
probably reflects the autoantibody masking to different
degrees the epitopes targeted by the immunoassay capture or
detection antibodies. For example, in the case of the weakly
reacting assays, the epitope to which the capture or detection
antibody is directed may be sterically inaccessible due to
binding of the endogenous anti-prolactin auto-antibody, thus
the macroprolactin complex will not be detected.

The reference method for the determination of macroprolactin
is size exclusion chromatography (SEC) which allows
quantitation of all high molecular mass forms of prolactin in
addition to providing an estimate of their molecular mass.® This
technique is time consuming and expensive and generally not
routinely available in most clinical laboratories. Alternative
techniques based on immunoassay of serum prolactin before
and after removal of macroprolactin by ultrafiltration,
immune-adsorption of IgG species with protein A, protein G
or anti-human IgG and by precipitation with PEG have been
described.” Of these, PEG precipitation is the technique that
has been most widely adopted. The technique involves mixing
equal volumes of sera and 25% (w/v) PEG reagent. Following
centrifugation, the residual prolactin in the supernatant is
quantified. Proteins are separated according to their solubility;
PEG acts as an inert, molecular “sponge” which absorbs
water of hydration from proteins, reducing their solubility and
leading to their precipitation. When applied to serum, PEG
is relatively specific for precipitation of immunoglobulins
and immunoglobulin complexes and so precipitates the most
common form of macroprolactin, that containing IgG. PEG
has the added advantage of precipitating big prolactin and
macroprolactin, however a limitation of PEG precipitation is
that approximately 20% of the monomeric prolactin in serum
is co-precipitated with IgG. The presence of macroprolactin
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has also been falsely reported in rare cases where patient sera
contained very high concentrations of gamma globulin.”!
Furthermore IgA is only partially precipitated with PEG and
rare cases of IgA-macroprolactin may not be recognised.” A
high pressure liquid chromatography method for separation
of prolactin forms which is suitable for routine use has also
been described.”

Reporting Macroprolactin

The results of PEG precipitation tests have traditionally
been reported as percent total prolactin recovered after PEG
treatment. Recovery post-PEG has been shown to correlate
with the proportion of macroprolactin present following SEC
and a cut-off of <40% is commonly used to indicate that
macroprolactin is the predominant form of immunoreactive
prolactin present.®** However it does not identify patients with
macroprolactin as the predominant form present when the
monomeric formis also elevated to a clinically significant level.
Furthermore there is a recognition that macroprolactinaemia
should be defined as hyperprolactinaemia due to the presence
of macroprolactin with normal concentrations of monomeric
prolactin. It may be argued that laboratory results should
provide a measurement of the clinically relevant monomeric
prolactin, which provides the most useful information for
clinicians.” However, because of the wide variation in prolactin
assay reactivity and the characteristics of PEG precipitation,
reference intervals for monomeric prolactin following PEG
precipitation must be determined for each particular assay
method.® There is a wide variability in reporting of prolactin
post PEG precipitation; some laboratories report only the
pre—PEG prolactin concentration with a comment to clarify
whether the predominant form is macroprolactin or otherwise
while others report post PEG prolactin with assay specific
post PEG reference intervals.”® Professional groups now
recommend the latter approach to reporting.®’-**

Conclusion

This review brings the reader up to date with developments in
understanding the molecular signalling pathways that regulate
prolactin synthesis and secretion. Monomeric prolactin is
recognised as the biologically active form and accurate
monomeric prolactin concentration measurement is essential
for the diagnosis of hyperprolactinaemia. While biologically,
the major role of prolactin is to promote and maintain lactation,
over 300 actions have been described. Clinically prolactin
measurement is of particular importance in the evaluation of
menstrual irregularities and infertility in women and loss of
libido and infertility in men as well as in the investigation
of headache with visual field disturbance. Currently the
accuracy of prolactin measurement is hampered by a lack of
commutability of the widely used reference material, WHO
3" International Standard, among routine assays as well as
variable reactivity of assay antibodies with different prolactin
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isoforms. As well, all routine assays detect macroprolactin to
some extent and laboratory practice in detection and reporting
of macroprolactin has yet to be harmonised.
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