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Prolactin (PRL), secreted from the anterior pituitary, plays extensive roles in osmoregulation,
corpus luteum formation, mammogenesis, lactogenesis, lactopoiesis, and production of crop
milk. In birds, prolactin (PRL) is generally accepted as crucial to the onset and maintenance
of broodiness. All the actions of prolactin (PRL) hormone are mediated by its receptor
(PRLR), which plays an important role in the PRL signal transduction cascade. It has been
well established that the PRL gene is closely associated to the onset and maintenance of
broody behavior, and could be a genetic marker in breeding against broodiness in chickens.
Meanwhile, the prolactin receptor (PRLR) gene is regarded as a candidate genetic marker for
reproductive traits. PRLR is also an important regulator gene for cell growth and differentiation.
The identified polymorphism of this gene is mainly viewed in terms of egg production traits.
Due to different biological activities attributed to PRL and PRLR, they can be used as major
candidate genes in molecular animal breeding programs. Characterization of PRL and PRLR
genes helps to elucidate their roles in birds and provides insights into the regulatory mechanisms
of PRL and PRLR expression conserved in birds and mammals.
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An important purpose of modern breeding in the
poultry industry is to create high-performance
poultry lines and breeds in two main directions of
productivity – meat and eggs (KULIBABA & POD-
STRESHNYI 2012). The productive value of ani-
mals is determined by their ability to meet certain
production demands, measured by the quality and
quantity of the product obtained during a given pe-
riod. The production potential of domestic fowl is
controlled by several parameters, including those
related to their reproductive potential. Production
of table and hatching eggs is crucial for poultry
producers. The process in which egg number and
egg components are formed, the rate of lay, egg
fertility and hatchability are dependent on a multi-
tude of synchronized metabolic and physiological
processes. These traits are known to be signifi-
cantly affected by many factors, especially envi-
ronmental factors (BRAH & SANDHU 1989; WEIS

1991; MAHMOUD et al. 1996). However, the results of
experiments conducted to date confirm that both
production and reproductive parameters are also
dependent on genetic factors (KING’ORI 2011;
MIAZI et al. 2012). Among the genes that have sig-
nificant effects on egg production are the prolactin
(PRL) gene and the prolactin receptor (PRLR) gene
(REDDY et al. 2002; WANG et al. 2011). Consis-
tent research on these genes, which are involved in
many physiological pathways, contributes to un-
derstanding the molecular basis of useful produc-
tion traits. The use of these molecular genetic
markers potentially will greatly increase the inten-
sity of selection and will most effectively uncover
the productive potential of birds. Additionally,
studies of candidate genes and their effect on the
phenotypic manifestations of interest to research-
ers are the basis for market-associated selection
(MAS) (KULIBABA & POD- STRESHNYI 2012).



PRL gene and prolactin

Mammals have a single prolactin-encoding gene
(PRL), which is found on chromosome 6 in hu-
mans (GOFFIN et al. 1996), on chromosome 13 in
mice (WIEMERS et al. 2003), on chromosome 7 in
pigs (VINCENT et al. 1998) and on chromosome 2
in birds (ALIPANAH et al. 2011; MIAO et al. 1999).
So far, the PRL gene has been cloned in a variety of
avian species, examples among the latter include
the domestic chicken, turkey, quail, duck, and pi-
geon (LIU et al. 2008). The avian PRL gene con-
sists of five exons and four introns (LI et al. 2009;
YOUSEFI et al. 2012). This gene contains two
regulatory regions, the proximal and distal enhan-
cers (CAO et al. 1987; LUFKIN & BANCROFT 1987).
In studies with rats, in vitro transcription analysis
showed that the distal segment of the prolactin
gene is responsible for 99% of transcriptional ac-
tivity (NELSON et al. 1986; CAO et al. 1987).

Since the avian PRL gene was cloned and se-
quenced, most of the research has concentrated on
identifying new polymorphic sites in this gene.
Mutations in the prolactin gene sequence were
found in both introns and exons (Table 1). The re-
sults of experiments on chickens showed a signifi-
cant association between single nucleotide poly-
morphisms (SNPs) in exon 2 and body weight at
hatch, age at sexual maturity, and between SNPs in
exon 5 and egg number (RASHIDI et al. 2012).
Most PRL gene polymorphisms were found in the
5’-flanking region, 3’-flanking region, and coding
region of the signal peptide (LI et al. 2009). In the
first maintained region of the prolactin gene, SNPs

in different positions (e. g. C-2402T, C-2161G,
T-2101G, C-2062G) were detected. WANG et al.

(2011)demonstrated that the C-5961T polymor-
phism (exon 5) was significantly related with egg
production and egg weight in ducks. The results of
another experiment using geese suggest that egg
productivity of breeds may be associated with
G-10T locus (5’-untranslated region) of the pro-
lactin gene (CHEN et al. 2011). In the works of
various authors, it was found that the presence of
a 24-bp insertion in the promoter region of the
avian prolactin gene is positively correlated with
the intensity of egg-laying activity in birds and
broody behavior (KULIBABA & PODSTRESHNYI
2012; JING et al. 2009). The results of JIANG et al.

(2005) have shown that PRL could be a genetic
marker in breeding against broodiness in chickens.

Furthermore, the 5’-flanking region of the avian
prolactin gene has been considered as an excellent
experimental model for studying both tissue-
specific and hormonally regulated activation of
gene transcription. Differences were found in the
length of 5’ promoter between mammals and
birds. Compared to the extensive research on the
promoter region of the mammalian PRL gene, in-
formation on the 5´ promoter of chicken PRL gene
is rather limited (LIANG et al. 2006). Sequence
variation in the 5’-flanking region of the prolactin
gene may result in changes in transcription factor
binding sites and contribute to the release of the
hormone prolactin (RASHIDI et al. 2012).

It has been documented that PRL gene transcrip-
tion is activated by the pituitary-specific transcrip-
tion factor 1 (PIT-1) (OHKUBO et al. 2000), which
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Table 1

Examples of traits whose variation depends largely on the polymorphism identified

Gene Species Polymorphism localiza-
tion Associated with trait References

PRL

(chr. 2)
(ALIPINAH et al. 2011,
MIAO et. al.1999)

Chicken

In/Del at the site 358 of gene Egg production (CUI et al. 2006)

Promoter region Broodiness (JIANG et al. 2005)

Exon 2 Body weight at hatch,
age at sexual maturity (RASHIDI et al. 2012)

Goose
5’ untranslated region Egg productivity (CHEN et al. 2011)

5’ flanking region Egg production (JIANG et al. 2009)

Duck

Intron 1 Shell strength
(WANG et al. 2011)

Exon 5 Egg production, egg weight

Intron 1 Egg weight (LI et al. 2009)

PRLR

(chr. Z)
(DUNN 1998,
SUZUKI et al.1999)

Chicken

Exon 6 Egg production, age of first egg (LIU et al. 2012)

Exon 2 Body weight at hatch,
age at sexual maturity (RASHIDI et al. 2012)

Exon 5 Egg number

Goose Exon 10 Egg number (CHEN et al. 2012)



also binds and transactivates growth hormone
(GH) gene promoters and thyroid stimulating hor-
mone beta ($) (NIE et al. 2008). Experiments with
birds and mammals provide evidence that PIT-1,
CCAAT-enhancer binding protein, estrogen re-
ceptors and other proteins are crucial to the regula-
tion of PRL gene expression (RASHIDI et al. 2012).
However, the molecular mechanisms of the PIT-1
protein on PRL gene activation are not completely
understood (OHKUBO et al. 2000).

Studies on chickens demonstrated that the pro-
lactin gene is expressed in the hypothalamus, pi-
tuitary, oviduct and ovary. The highest expression
was observed in the pituitary gland (LI et al. 2009).
Similarly, a study on geese (CHU et al. 2008) indi-
cated that the highest levels of PRL were found in
the pituitary gland, followed by the hypothalamus,
and the least in the ovary. Moreover, the results of
research conducted by ISHIDA et al. (1991) showed
that a progressive expression of this gene in the pi-
tuitary gland occurs 1-2 days before hatching and
concomitant increases in plasma concentrations of
PRL may be associated with physiological changes
in pulmonary respiration and hatching.

The expressed product of the PRL gene is the
hormone prolactin. It is composed of 199 amino
acids (LIU et al. 2008) with three disulfide bridges
between six cysteines, and has a molecular weight
of 23kDa (KANSAKU et al. 2008). The cDNA se-
quence and amino acid composition of the PRL
hormone are highly homologous between differ-
ent poultry species (Table 2) (KANSAKU et al.
2008). This hormone is mainly synthesized in the
anterior pituitary (CUI et al. 2006; JIANG et al.

2009; WANG et al. 2009) by lactotroph cells.
These cells are not the only ones to produce prolac-
tin, because certain amounts of this hormone were
also found in the thymus, spleen, lymphocytes and
epithelial cells (BOLE-FEYSOT et al. 1998). Across
species, prolactin secretion increases during sleep,
exercise, orgasm, stimulation of nipple, pregnancy
and brood (ERDOST 2005). In chickens and turkey,

plasma PRL levels are generally high for the first 2
or 3 weeks after hatching, decline during the juve-
nile period, increase with the onset of sexual ma-
turity, and then decline in adulthood (LIANG et al.

2006).

In addition, it has been observed that PRL is ex-
pressed throughout the retina, where it is prote-
olytically cleaved to vasoinhibins, which are
emerging as natural inhibitors of the angiogenesis
process. Vasoinhibins act in vivo and in vitro to
block the stimulatory activity of various inducers
of angiogenesis on endothelial cell proliferation,
migration, and permeability, and reduce endothe-
lial cell survival. Moreover, these inhibitors act
directly on endothelial cells by blocking blood
vessel growth, dilation, and by promoting
apoptosis-mediated vascular regression (CLAPP
et al. 2008).

Prolactin secretion in birds is predominantly
regulated by releasing factors of which the best
characterized are vasoactive intestinal peptide
(VIP), dopamine (DA) and serotonine (5-HT)
(KAGYA-AGYEMANG et al. 2012). Prolactin
(PRL) secretion in avian species is under tonic
stimulatory control exerted by the hypothalamus
(DAVID et al. 2003; AL KAHTANE et al. 2005). In
birds, the hypothalamus actively secretes one or
more prolactin releasing factors (PRF) and the
presence of a prolactin inhibiting factor (PIF) has
been described (SILVER & SALDANHA 1993). The
hypothalamus secretes vasoactive intestinal pep-
tide (VIP), which has an important neuroendocrine
influence on PRL secretion in birds (KUENZEL
2003). Cell bodies containing VIP are abundant
in the basal hypothalamus and have terminals in
the median eminence (SHARP et al. 2005). Several
lines of evidence indicate that VIP is the PRL-
releasing factor (PRF) in birds (OPEL &
PROUDMAN 1988). In addition, VIP stimulates
prolactin release and expression in vivo and in vi-

tro in several avian species (AL KAHTANE et al.

2005). The results of research conducted by
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Table 2

Amino acid similarity (%) and cDNA sequence homology of mature avian PRLs (LIU et al.

2008)

Chicken Goose Duck Turkey

Chicken – 93.0 94.0 91.0

Goose 92.0 – 98.5 92.0

Duck 91.6 98.4 – 92.0

Turkey 94.9 92.2 91.7 –

Values above the diagonal line represent homology of amino acid similarity and values under the diagonal line represent
homology of cDNA sequence.



AL KAHTANE et al. (2003) show that VIP treat-
ment increased PRL release into the medium about
20- to 30-fold in comparison with that of untreated
pituitary cells. Moreover, VIP increases PRL se-
cretion from pituitary glands, especially when the
pituitary gland responsiveness is enhanced with
estrogen pre-treatment (SHARP et al. 2005). Apart
from PRL-releasing ability, VIP stimulates PRL
gene expression in avian species. Administration
of VIP into chickens and turkey increased pituitary
PRL mRNA in vivo.

Vasoactive intestinal peptide (VIP), a 28-amino
acid peptide involved in the regulation of the se-
cretion of prolactin, is not the main regulator of
PRL release. Prolactin is under tonic inhibitory do-
paminergic control exerted by the hypothalamus
as well (TONG et al. 1998). Prolactin secretion is
inhibited by dopamine, which is secreted by TIDA
(Tuberoinfundibular Dopamine Neurons) neurons
located in the hypothalamus (CHANG & SHIN
1999; FREEMAN et al. 2000). Dopamine (DA)
plays a role in the control of prolactin secretion by
blocking the action of VIP at the level of the ante-
rior pituitary. Dopamine (DA) affected this block-
ade of PRL via D2 DA receptors residing within
the anterior pituitary (YOUNGREN et al. 1998;
SCHNELL et al. 1999). Hens treated with dopamine
receptor antagonist or receptor blocking agent re-
sulted in terminated maintenance of broodiness by
inhibiting secretion of PRL (XU et al. 2010). It has
been reported that in avian species DA inhibits
VIP-stimulated PRL mRNA at the transcriptional
and post-transcriptional (PRL mRNA half-life)
levels via pituitary D2DA receptors (AL KAHTANE
et al. 2003).

Among neurotransmitters that stimulate PRL re-
lease in avian species is serotonine (5-hydroxy-
tryptamine; 5-HT) (HALL et al. 1986; YOUNGREN
et al. 1998). However, 5-HT does not act directly
on the pituitary to cause PRL secretion. Serotonin
(5-HT) facilitates the release of pituitary PRL in
birds when they are treated with methysergide
(PITTS et al. 1996; KAGYA-AGYEMANG et al.

2012), which can act as an antagonist at the 5-HT2B
and 5-HT2C receptors and as a partial agonist at the
5-HT1A receptor. Moreover, serotonergic stimula-
tion of prolactin secretion is mediated by the sin-
gular avian PRL-releasing factor, vasoactive
intestinal peptide. In an experiment conducted by
EL HALAWANI et al. (1995) it was confirmed that
5-HT stimulates PRL secretion in turkey via VIP-
ergic pathways. However, other research suggests
that 5-HT does not act directly upon VIP neurons,
but instead uses the dopaminergic system
(YOUNGREN et al. 1998).

Other factors influencing prolactin secretion in-
clude environmental ones, such as various stres-
sors, light, and acoustic stimuli (e.g. sounds made

by the offspring) (DUSZA & CIERESZKO 2007).
Studies have demonstrated that stressors, in a number
of forms and in a number of species, influenced
circulating prolactin. In mammals, plasma prolac-
tin levels increase rapidly during acute exposure to
stressors, while in birds, prolactin levels often de-
crease in response to short-term stressors
(ANGELIER & CHASTEL 2009). It has been ob-
served that the diminished reproductive perform-
ance in heat-stressed poultry may, in part, be
related to increased PRL secretion (ROZENBOIM
et al. 2007). Another important environmental fac-
tor that stimulates PRL release in avian species is
light. It has been reported that the serum prolactin
level increases as a consequence of experimental
photostimulation on Peking ducks, pigeons and
quail (ERDOST 2005). Moreover, in an experiment
by SREEKUMAR & SHARP (1998), it was observed
that the photo-induced pattern of prolactin secre-
tion in birds can be dissociated from the neuroen-
docrine mechanisms controlling the termination of
seasonal breeding.

Prolactin (PRL) has a wide range of activities in
animals. Over 300 different functions of this hor-
mone have been documented and classified. PRL
has important effects on reproductive processes
and parental care in teleost fishes, birds, and mam-
mals (WANG et al. 2009). In reptiles, amphibians
and teleosts, PRL acts as an osmoregulator
(ERDOST 2005; LI et al. 2009). In fish, prolactin
has been observed to affect the function of differ-
ent organs (gills, intestine, kidney, urinary blad-
der, skin), thus making it easier to adapt to aquatic
life (TURNER & BAGNARA 1978). In mammals,
PRL stimulates formation of the corpus luteum
and its transformation into the corpus luteum
graviditatis and plays a significant role in mammo-
genesis, lactogenesis, and lactopoiesis. In addi-
tion, it stimulates the production of progesterone,
a hormone responsible mainly for the maintenance
of pregnancy (FREEMAN et al. 2000).

Prolactin positively acts on hormonal and cellu-
lar immunity. Prolactin hormone has been consid-
ered as a cytokine able to modulate immune
response in mammals. Furthermore, particular ef-
fects of this hormone on inflammatory response
have been documented in autoimmune diseases
(LÓPEZ-MEZA et al. 2010). The results of the ex-
periment conducted by KANG et al. (2007) have
shown that PRL might play an important role dur-
ing the development of the immune system in
chickens as well. The same study suggests that
prolactin may be involved in the movement of
B-cell precursors in and out of the bursa and in B-
and T-cell proliferation and maturation.

In birds, PRL inhibits the growth and develop-
ment of ovarian follicles (CHEN et al. 2011). It acts
synergistically with estrogen during brood patch
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formation. These patches of featherless skin ap-
pear on the underside of one or both sexes in many
orders of bird species during brooding. It was
shown that after hypophysectomy estrogen only
causes vascularization of these areas, while pro-
lactin is needed to induce edema and feather loss
and does not work until the discussed area is vascu-
larized under the influence of estrogen (BELSARE
1965).

An increase in circulating PRL concentration
has been suggested to cause ovarian regression
(PORTER et al. 1991; EDENS 2011). Prolactin is
also believed to be responsible for complete re-
gression of the comb, which coincides with the on-
set of brooding, and for decreased concentrations
of LH and ovarian steroids (RZ¥SA 2007). It has
been established that persistent elevation of blood
PRL concentration contributes to a decrease in hy-
pothalamic GnRH levels, suppression of LH se-
cretion and expression of steroidogenic enzymes
(RZ¥SA 2007). Additionally, prolactin has been
found to be involved in the regulation of water-
electrolyte metabolism (WATAHIKI et al. 1989)
and energy metabolism (TURNER & BAGNARA
1976). It influences the formation of spermatozoa
(MAO et al. 1999) and stimulates the growth of tes-
tes (ERDOST 2005). The physiological processes
involving prolactin take a normal course only
when factors affecting its secretion interact with
one another and their interaction is not disturbed.
Through an endocrine pathway, prolactin reaches
many receptors located in the cell membrane of
various organs and exerts a specific effect by cou-
pling with them (GOFFIN et al. 1996; FREEMAN
et al. 2000). Prolactin stimulates production of
crop milk in columbiform birds (SILVER 1984),
has an effect on the nesting instinct, and initiates
broodiness (ERDOST 2005; JIANG et al. 2011).

The main functions of the endocrine system that
lead to the development of broodiness are a result
of increased concentration of plasma PRL
(KAGYA-AGYEMANG et al. 2012). Elevated plasma
prolactin inhibits gonadotropin release from the
anterior pituitary causing inhibition of ovum de-
velopment and ovulation leading to ovarian re-
gression in birds (JIANG et al. 2011). Numerous
reports have confirmed the relationship between
plasma prolactin in the physiological range and
laying performance in domestic hens (REDDY et al.
2002; ELTAYEB et al. 2010). Additionally, broodi-
ness in domestic fowl is associated with stereo-
typical behaviors such as frequent nest occupancy,
reduced feeding and water intake, aggressiveness
or defensive behaviors, characteristic clucking
and raised body temperature that can be related to
elevated plasma prolactin (LIU et al. 2012). It is an
important fact that increasing levels of prolactin
related with complete cessation of egg production

lead to significant economic losses in the poultry
industry (KULIBABA & PODSTRESHNYI 2012).
Blood prolactin concentration rapidly increases
directly before the onset of brooding and continues
to grow, after which it rapidly declines prior to
hatching of chicks (RZ¥SA 2007). It has been re-
ported that blood levels of PRL increase 6-10 fold
at the onset of reproductive behavior (REDDY et al.

2007). A study conducted by JIANG et al. (2011)
demonstrated that the plasma concentration level
of PRL reached its peak only at the onset of broodi-
ness and rapidly decreased in the following 2 or 3
weeks to a normal level as in the laying period and
remained unaltered until the end of broodiness.

PRLR gene and prolactin receptor

The pituitary hormone of PRL is a ligand of
PRLR (RASHIDI et al. 2012). In hens, the prolactin
receptor gene is located on the Z sex chromosome
(CHENG et al. 1995; DUNN et al. 1998; SUZUKI et

al. 1999), consists of 15 exons and 14 introns
(RASHIDI et al. 2012), and is closely associated
with production traits (CHEN et al. 2012). In hu-
mans PRLR is located on chromosome 5 (DUNN et

al. 1998), on chromosome 15 in mice (BARKER et

al. 1992; DUNN et al. 1998) and was mapped to
chromosome 16 in pigs (VINCENT et al. 1998).
The PRLR gene is expressed in many tissues, for
example in testes, ovaries, deferent ducts, oviduct,
kidneys and small and large intestine (XING et al.

2011) and also in the hypothalamus (OHKUBO et

al. 2000). An experiment conducted by KANG et

al. (2007), aimed at determining the expression of
the PRLR gene and was quantified in lymphoid tis-
sues from chickens at different embryonic stages
and after hatching, showed that the PRLR gene is
expressed in the bursa follicles, thymus lobules,
and splenic pulp at all examined stages. Levels of
PRLR expression were consistently higher in the
bursa of Fabricius compared with other lymphoid
organs. It has been noted that PRLR mRNA levels
in avian primary lymphoid organs (bursa of Fabri-
cius and thymus) were extremely high when com-
pared with spleens.

The prolactin receptor is an important regulator
gene in the process of cell growth and differentia-
tion. It is regarded as a candidate genetic marker
for reproductive traits. It is also speculated that the
PRLR gene may be the major gene responsible for
the attainment of sexual maturity (LIU et al. 2012).
Research conducted to date has shown that poly-
morphisms occur in different locations of the
PRLR gene (Table 1). For example, in an experi-
ment by JIANG et al. (2005) conducted with chick-
ens, one SNP in the exon 3(A9026G) and 2 SNPs
in the exon 6 (T14771C and G14820A) of PRLR

Prolactin (PRL) and Prolactin Receptor (PRLR) Genes 5



were identified. In another study, polymorphisms
were detected in exon 5 (RASHIDI et al. 2012), and
exon 10 (CHEN et al. 2012). The identified poly-
morphisms in the PRLR gene are mainly associ-
ated with egg production traits. A study by
LING-BIN et al. (2012), conducted on chickens,
demonstrated that the G1836C polymorphism
(exon 6) was significantly related with age at first
egg. The results of this research showed that the
PRLR gene may be either a major gene that influ-
ences age at first egg of chickens or a molecular
marker in close linkage with such a gene.

The expressed product of the PRLR gene is a re-
ceptor protein- a single transmembrane protein be-
longing to class I of the cytokine receptor
superfamily, which includes growth hormone re-
ceptor (GHR), interleukins, granulocyte colony-
stimulating factor, granulocyte macrophage
colony-stimulating factor, oncostatin M, erythro-
poietin, thrombopoietin, gp130, ciliary neuro-
trophic factor, leukemia inhibiting factor (LIF)
and leptin receptor (LEPR) (XING et al. 2011).
Four PRLR forms have been identified to date,
three of which are membrane isoforms (short, in-
termediate and long) and the fourth has a soluble
form and contains the extracellular domain only
(CLEVENGER et al. 2001). These membrane iso-
forms are composed of a ligand-binding extracel-
lular domain, an intracellular catalytic domain,
and a transmembrane domain. The long PRLR
form is the most prevalent (DUSZA & CIERESZKO
2007). The expression of different prolactin recep-
tor forms is dependent on female reproductive
status and cell type. The different isoforms differ
in the amount and amino acid composition of the
receptor’s cytoplasmic portion (BOLE-FEYSOT et al.
1998; MAO et al. 1999).

Avian PRLRs are extremely long (831 amino ac-
ids) compared to mammalian PRLRs (591 amino
acids) (MAO et al. 1999). PRLR has been detected
in most tissues and organs (CHEN et al. 2012);
mainly in the brain, oviduct and ovaries
(FREEMAN et al. 2000). In some mammals, the
presence of PRLR was also shown in the thymus
and spleen (KANG et al. 2007). Depending on the
type of tissue, reproductive period, and stage of re-
productive system development, different PRLR
isoforms may activate various target cell-
signalling pathways. The prolactin receptor has an
important role in the prolactin signal transduction
cascade (LING-BIN et al. 2012). Prolactin interacts
with the extracellular domain of prolactin receptor
which activates a cascade of intracellular events,
primarily JAK-STAT signal transduction path-
way, via specific sites of the PRLR cytoplasmic
tail (JIANG et al. 2005). The JAK/STAT (mainly
JAK2/STAT5) is the major cascade triggered by
the PRLR, but many other proteins are also acti-

vated such as the MAP (Mitogen activated protein)
kinase pathway (GOFFIN & KELLY 2001). An ex-
periment conducted by GHOSH (2011) showed that
MAP kinases play an important role in the regula-
tion of proinflammatory cytokines in response to
avian influenza virus (AIV) infection in chicken
macrophages. In another study it was observed,
with the exception of leptin and cyclin-dependent
kinase (CDk), that mitogen-activated protein ki-
nase (MAPk) is involved in the control of chicken
ovarian secretory activity (release of steroids and
nonapeptide hormones) (SIROTKIN & GROSSMANN
2008).

Conclusions

Genetic improvement of farm animals, includ-
ing poultry, is generally aimed at maximizing eco-
nomic performance and production traits, espe-
cially in poultry breeders and table egg producing
hens. The rapid development of molecular genet-
ics has enabled scientists to obtain vast amounts of
new genomic information that allows for im-
proved estimation of an animal’s genetic and
breeding value with greater accuracy. A special
role is played by individual genes, in particular the
prolactin (PRL) gene and the prolactin receptor
(PRLR) gene. Studies conducted over the last few
years provide evidence that both the PRL gene and
the PRLR gene take part, directly and indirectly, in
shaping many production traits in poultry, result-
ing in these genes being considered as candidate
markers of these traits. It is concluded that a better
understanding of the described genetic and
physiological factors that influence expression of
PRL and PRLR genes in hens could help to develop
practices to finely regulate chicken hen reproduc-
tive performance and to maintain egg production
at profitable levels.

References

ALIPANAH M., SHOJAIAN K., KHANI BANDANI H. 2011. The
polymorphism of prolactin gene in native chicken Zabol re-
gion. J. Anim. Vet. Adv. 10: 619-621.

AL KAHTANE A., CHAISEHA Y., EL HALAWANI M.E. 2003.
Dopaminergic regulation of avian prolactin gene transcrip-
tion. J. Mol. Endocrinol. 31: 185-196.

ALKAHTANEA., KANNANM., KANGS.W.,ELHALAWANIM.E.
2005. Regulation of prolactin gene expression by vasoactive
intestinal peptide and dopamine in the turkey: Role of Ca2+
signalling. J. Neuroendocrinol. 17: 649-655.

ANGELIER F., CHASTEL O. 2009. Stress, prolactin and paren-
tal investment in birds: A review. General and Comparative
Endocrinology 163: 142-148.

BARKER C.S., BEAR S.E., KELER T., COPELAND N.G.,
GILBERT D.J., JENKINS N.A., YEUNG R.S., TSICHLIS N.
1992. Activation of the prolactin receptor gene by promoter

A. WILKANOWSKA et al.6



insertion in a moloney murine leukemia virus-induced rat
thymoma. J. Virol. 66: 6763-6768.

BELSARE D.K. 1965. Vascular supply of the pituitary gland in
Channa punctatus. Bloch. Nature 206: 211.

BOLE-FEYSOTC.,GOFFINV.,EDERYM.,BINARTN.,KELLYP.A.
1998. Prolactin (PRL) and its receptor: actions, signal transduc-
tion pathways and phenotypes observed in PRL receptor
knockout mice. Endocr. Rev. 19: 225-268.

BRAH G.S., SANDHU J.S. 1989. Preincubation storage of
guinea fowl eggs in cooling cabinet vs. room: Effect on
hatchability components. Trop. Agric. 66: 265-268.

CAO Z., BARRON E.A., CARRILLO A.J., SHARP Z.D. 1987.
Reconstitution of cell-type-specific transcription of the rat
prolactin gene in vitro. Mol. Cell Biol. 7: 3402-3408.

CHANG A., SHIN S. H. 1999. Dopamine agonists both stimu-
late and inhibit prolactin release in GH4ZR7 cells. Eur. J.
Endocrinol. 141:  387-395

CHENH.-Q., WEIH.-Q., QIN J., CHENH. 2011. The novel ge-
netic change in 5’-untranslated region of goose prolactin
gene and their distribution pattern in different goose breeds.
Asian J. Anim. Vet. Adv. 6 : 1069-1075.

CHEN J., HUILING L., CAI Y., WANG G., LIU H., LI J. 2012.
Mutations in the exon 10 of prolactin receptor gene change
the egg production performance in Wanjiang white goose.
Mol. Biol. Rep. 39: 475-483.

CHENG H.H., LEVIN I., VALLEJO R.L., KHATIBA H.,
DODGSON J.B., CRITTENDEN L.B., HILLER J. 1995. Devel-
opment of genetic map of the chicken with markers of utility.
Poult Sci. 74: 1855-1874.

CHUX.H., XUN.Y., HU J.P., LUL.Z., CHENW.H., WANGY.Q.
2008. Expression characteristics of prolactin gene in Eastern
Zhejiang white geese. Hereditas 30: 1021-1025.

CLAPPC., THEBAULTS., ARNOLDE., GARCIAC., RIVERA J.C.,
DE LA ESCALERA G.M. 2008. Vasoinhibins: Novel inhibi-
tors of ocular angiogenesis.Am. J. Physiol. Endocrinol. Me-
tab. 295: 772-778.

CLEVENGER C.V., KLINE J.B. 2001. Prolactin receptor signal
transduction. Lupus 10: 706-718.

CUI J.-X., DUH.-L., LIANGY., DENGX.-M., LIN., ZHANGX.-Q.
2006. Association polymorphism in the promoter region of
chicken prolactin with egg production. Poult. Sci. 85: 26-31.

DAVID C.G., REDDY I.J., SINGH K. 1993. Oviposition pat-
terns associated with prolactin concentration in domestic
chicken (Gallus domesticus). Asian-Aust. J. Anim. Sci. 16:
1565-1571.

DUNN I.C., MCEWANTG., OKHUBOT., SHARPP.J., PATON I.R.,
BURT D.W. 1998. Genetic mapping of the chicken prolactin
receptor gene: a candidate gene for the control of broodiness.
Brit. Poult. Sci. 39: 23-24.

DUSZA L., CIERESZKOR. 2007. Regulation of secretion gona-
dotropin and prolactin and their effect on target tissues. Biol-
ogy of animal reproduction. Physiological regulation of
female reproductive processes. (In: KRZYMOWSKI T. ed.,
Vol. I.,  Publisher of UWM, Olsztyn): 117-130.

EDENS F. W. 2011. Gender, age and reproductive status ef-
fects on serum prolactin concentrations in different varieties
and species of poultry. Int. J. Poult. Sci. 10: 832-838.

EL HALAWANI M.E., YOUNGREN O.M., ROZENBOIM I.,
PITTS G.R., SILSBY J.L., PHILLIPS R.E. 1995. Serotonergic
stimulation of prolactin secretion is inhibited by vasoactive
intestinal peptide immunization in the turkey. Gen. Comp.
Endocrinol. 99: 69-74.

ELTAYEB N.M., WANI C.E., YOUSIF I. A. 2010. Assessment
of broodiness and its influence on production performance
and plasma prolactin level in native chicken of the Sudan.
Asian J. Poult. Sci. 4: 1-6.

ERDOST H. 2005. Immunohistochemical distribution of pro-
lactin containing cells in the pituitary of the chickens. Vet.
Med.-Czech. 50: 225-229.

FREEMAN M.E., KANYICSKA B., LERANT A., NAGYG. 2000.
Prolactin: structure, function and regulation of secretion.
Mol. Cell. Endocrinol. Mol. Cell. Endocrinol. 80: 1523-1631.

GOFFIN V., SHIVERICK K.T., KELLY P.A., MARTIAL J.A.
1996. Sequence-function relationships within the expanding
family of prolactin, growth hormone, placental lactogen and
related proteins in mammals. Endocrine Rev. 17: 385-410.

GOFFIN V., KELLY P.A. 2001. Prolactin receptor. Cytokine
Reference: 1547-1562.

GHOSH A. 2011. Regulation of proinflammatory cytokiness
by map kinase phosphapatase in avian influenza virus in-
fected chicken macrophages. University of Minnesota, Mas-
ter of Science thesis. July 2011.

HALLR., HARVEY S., CHADWICK A. 1986. Control of prolac-
tin secretion in birds: A review. General Comp. Endocrinol.
62: 171-184.

ISHIDA H., SHIMADA K., SATO K., SEO H., MURATA Y.,
MATSUI N., ZADWORNY D. 1991. Gen. Comp. Endocri-
nol. 83: 463-467.

JIANG R.S., ZHANG L.L., GENG Z.Y., YANG T., ZHANG S.S.
2009. Single nucleotide polymorphisms in the 5’-flanking
region of the prolactin gene and the association with repro-
duction traits in geese. S. Afr. J. Anim. Sci. 39: 83-87.

JIANG R.S., CHEN X., WEI R., GENG Z. 2011. Expression of
plasma prolactin and pituitary prolactin mRNA around the
broody cycle in Wan-xi White goose. Turk. J. Vet. Anim.
Sci. 35: 431-434.

JIANG R.S., XU G.-Y., ZHANG X.-Q., YANG N. 2005. Asso-
ciation of Polymorphisms for Prolactin and Prolactin Recep-
tor Genes with Broody Traits in Chickens. Poult. Sci. 84:
839-845.

KAGYA-AGYEMANG J.K., SHENDAN S., YINZUO B. 2012.
Studies on the endocrine and neuroendocrine control of
broodiness in the Yuehuang Hen. Int. J. Poult. Sci. 11:
488-495.

KANG Z., BÉDÉCARRATS G.Y., ZADWORNY D. 2007. Ex-
pression patterns of the prolactin receptor gene in chicken
lymphoid tissues during embryogenesis and posthatch pe-
riod. Poult. Sci. 86: 2404-2412.

KANSAKU N., HIYAMA G., SASANAMI T., ZADWORNY D.
2008. Prolactin and growth hormone in birds: protein struc-
ture, gene structure and genetic variation. J. Poult. Sci. 45:
1-6.

KING�ORIA.M. 2011. Review of the factors that influence egg
fertility and hatchabilty in poultry. Int. J. Poult. Sci. 10:
483-492.

KUENZEL W.J. 2003. Neurobiology of molt in avian species.
Poult. Sci. 82: 981-991.

KULIBABA R.A., PODSTRESHNYI A.P. 2012. Prolactin and
growth hormone gene polymorphisms in chicken lines of
ukrainian selection. Cytology and Genetics 46: 390-395.

LIH.-F., ZHUW.-Q., CHENK.-W., ZHANG T.-J., SONGW.-T.
2009. Association of polymorphisms in the intron 1 of duck
prolactin with egg performance. Turk. J. Vet. Anim. Sci. 33:
193-197.

LIANG Y., CUI J., YANG G., FREDERICK C., LEUNG C.,
ZHANG X. 2006. Polymorphisms of 5’-flanking region of
chicken prolactin gene. Domestic Anim. Endocrinol. 30: 1-16.

LING-BIN L., DI-YANL., XIAO-LING Z., YI-PING L., YANW.,
QING Z. 2012. Polymorphism of prolactin receptor gene and
its association with egg production traits in Erlang Mountain-
ous chicken. Asian J. Anim. Vet. Adv. 7: 1183-1190.

LIU L.-B., LI D.-Y., ZHAO X.-L., LIU Y.-P., WANG Y., ZHU
Q. 2012. Polymorphism of prolactin receptor gene and its as-
sociation with egg production traits in Erlang Mountainous
chicken. Asian J. Anim. Vet. Adv. 7: 1183-1190.

LIU Z., SHI Z.D., LIU Y., LI M.Y., HUANG Y.M., YAO B.H.
2008. Molecular cloning and characterization of the Magang
goose prolactin gene. Gen. Comp. Endocrinol. 155: 208-216.

Prolactin (PRL) and Prolactin Receptor (PRLR) Genes 7



LÓPEZ-MEZA J.E., LARA-ZÁRATE L., OCHOA-ZARZOSA A.
2010. Effects of prolactin on innate immunity of infectious
diseases. Open Neuroendocrinol. J. 3: 175-179.

LUFKIN T., BANCROFT C. 1987. Identification by cell fusion
of gene sequences that interact with positive trans-acting
factors. Science 237: 283-286.

MAHMOUDK.Z., BECKM.M., SCHEIDELER S.E., FROMANM.F.,
ANDERSON K., KACHMAN S.D. 1996. Acute high environ-
ment of temperature and calcium-estrogen relationship in
the hen. Poult. Sci. 75: 1555-1562.

MAO J.N.C., BURNSIDE J., LI L., TANG J., DAVOLOS C.,
COGBURN L.A. 1999. Characterization of unique truncated
prolactin receptor transcripts, corresponding to the intercel-
lular domain, in the testis of the sexually mature chicken.
Endo. 140: 1165-1174.

MIAOY.-W., BURTD.W., PATON I.R., SHARP P.J., DUNN I.C.
1999. Mapping of the prolactin gene to chicken chromosome
2. Anim. Genet. 30: 473.

MIAZI O.F., MIAH G., MIAZI M.M., UDDIN M.M., HASSEN
M.M., FARIDAHSAN M. 2012. Fertility and hatchability of
Fayoumi and Sonali chicks. Scholarly J. Agric. Sci. 2: 83-86.

NELSON C., CRENSHAW E.B.III, FRANCO R., LIRA S.A.,
ALBERT V.R., EVANS R.M., ROSENFELD M.G. 1986. Dis-
crete cis-active genomic sequences dictate the pituitary cell
type-specific expression in rat prolactin and growth hor-
mone genes. Nature 322: 557-562.

NIEQ.,FANGM.,XIEL.,ZHOUM.,LIANGZ.,LUOZ.,WANGG.,
BI W., LIANG C., ZHANG W., ZHANG X. 2008. The PIT1
gene polymorphisms were associated with chicken growth
traits. BMC Genetics 9: 1-5.

OHKUBO T., TANAKA M., NAKASHIMA K. 2000. Molecular
cloning of the chicken prolactin gene and activation by Pit-1
and cAMP-induced factor in GH3 cells. Gen. Comp. Endo-
crinol. 119: 208-216.

OPEL H., PROUDMAN J.A. 1988. Stimulation of prolactin re-
lease in turkeys by vasoactive intestinal peptide. Proc. Soc.
Exp. Biol. Med. 187: 455-460.

PITTSR., YOUNGRENO.M., PHILLIPSR.E., ELHALAWANIM.E.
1996. Photoperiod mediates the ability of serotonin to re-
lease prolactin in the turkey. Gen. Comp. Endocrinol. 104:
265-272.

PORTER T.E., SILSBY J.L., HARGIS B.M., FEHRER S.C., EL
HALAWANI M.E. 1991. Ovarian steroid production in vitro

during gonadal regression in the turkey. II. Changes Induced
by Forced Molting. Biol. Rep. 45: 587-591.

RASHIDIH., RAHIMI-MIANJIG., FARHADIA., GHOLIZADEHM.
2012. Association of prolactin and prolactin receptor gene
polymorphisms with economic traits in breeder hens of in-
digenous chickens of Mazandaran province. Iran. J. Biotech.
10: 129-135.

REDDY I.J., DAVID C.G., SARMA P.V., SINGH K. 2002. The
possible role of prolactin in laying performance and steroid
hormone secretion in domestic hen. Gen. Comp. Endocrinol.
127: 249-255.

REDDY I.J., RAVI KIRAN G., MONDAL S.K., ANANDAN S.
2007. Prolactin, luteinizing hormone and steroid hormone
concentration in Punjab Brown (PB3) birds immunized
against vasoactive intestinal peptide during the early stages
of egg production. Inter. J. Poult. Sci. 6: 637-641.

ROZENBOIM I., TAKO E., GAL-GARBER O., PROUDMAN J.A.,
UNI Z. 2007. The effect of heat stress on ovarian function of
laying hens. Poultry Science 86: 1760-1765.

RZ¥SA J. 2007. Regulation of bird reproduction. Biology of
animal reproduction. Physiological regulation of female re-
productive processes. 1. KRZYMOWSKIT. Olsztyn. 576-577.

SCHNELL S.A., YOUS., ELHALAWANIM.E. 1999. D1 and D2
Dopamine Receptor Messenger Ribonucleic Acid in Brain
and Pituitary during the Reproductive Cycle of the Turkey
Hen. Biol. Rep. 60: 1378-1383.

SHARP P.J., MACNAMEEM.C., TALBOTR.T., STERLINGR.J.,
HALL T.R. 2005. Aspects of the neuroendocrine control of
ovulation and broodiness in the domestic hen. J. Exp. Zool.
232: 475-483.

SILVER R. 1984. Prolactin and parenting in the pigeon family.
J. Exp. Zool. 232: 627-625.

SILVER R., SALDANHA C.J. 1993. VIP and prolactin in avian
reproduction. Advances in Camparative Endocrinology. (In:
MENON G.E. ed., Vol. I., CSRI. Trivandrum): 127-145.

SIROTKIN A.V., GROSSMANN R. 2008. The involvement of
leptin, MAP kinase and CDC2 kinase dependent intracellu-
lar mechanisms in the hormone control of hormone release
by granulose cells. Slovak J. Anim. Sci., 41: 6-11.

SREEKUMAR K., SHARP P. 1998. Effect of photostimulation
on concentrations of plasma prolactin in castrated bantams
(Gallus domesticus). J. Neuroendocrinol. 10: 147-154.

SUZUKI T., KANSAKU N., KUROSAKI T., SHIMADA K.,
ZADWORNY D., KOIDE M., MANO T., NAMIKAWA T.,
MATSUDA Y. 1999. Comparative FISH mapping on Z chro-
mosomes of chicken and Japanese quail. Cytogenet. Cell
Genet. 87: 22-26.

TONG Z., PITTS G.R., YOU S., FOSTER D.N., EL HALAWANI
M.E. 1998. Vasoactive intestinal peptide stimulates turkey
prolactin gene expression by increasing transcription rate
and enhancing mRNA stability. J. Mol. Endocrinol. 21:
259-266.

TURNER C.D., BAGNARA J.T. 1976. Pituitary gland. General
endocrinology. 6th. W. B. Saunders Company. Philadelphia-
London-Toronto.

VINCENT A.L., EVANS G., SHORT T.H., SOUTHWOOD O.I.,
PLASTOW G.S., TUGGLE C.K., ROTHSCHILD M.F. 1998.
The prolactin receptor gene is associated with increased lit-
ter size in pigs. World Congr. Genet. Appl. Livest. Prod. 27:
15-18.

WANGC., LIANGZ., YUW., FENGY., PENGX., GONGY., LIS.
2011. Polymorphism of the prolactin gene and its associa-
tion with egg production traits in native Chinese ducks. S.
Afr. J. Anim. Sci. 41: 64-69.

WANG J., HOUS.S., HUANGW., YANGX.G., ZHUX.Y., LIUX.L.
2009. Molecular cloning of prolactin receptor of the Peking
duck. Poult. Sci. 88: 1016-1022.

WATAHIKI M., TANAKA M., MASUDA N., SUGISAKI K.,
YAMAMOTO M., YAMAKAWA M., NAGAI J., NAKASHIMA
K. 1989. Primary structure of chicken pituitary prolactin de-
duced from the cDNA sequence. J. Biol. Chem. 264:
5535-5539.

WEIS J. 1991. Analysis of fertility, hatchability and egg qual-
ity indices in reproduction breeding of guinea fowl. Acta
Zootechnica Universitatis Agriculturae 47: 5-15.

WIEMERS D.O., SHAO L.J., AIN R., DAI G., SOARES M.J.
2003. The mouse prolactin gene family locus. Endo. 144:
313-325.

XING G., ZHAO Q., MAO J., LIU T., WANG G. 2011. Identifi-
cation and characterization of goose prolactin receptor.
Poult. Sci. 90: 1050-1057.

XU H., SHEN X., ZHOU M., FANG M., ZENG H., NIE Q.,
ZHANG X. 2010. The genetic effects of the dopamine D1 re-
ceptor gene on chicken egg production and broodiness traits.
BMC Genetics 11: 17.

YOUNGREN O.M., CHAISEHA Y., EL HALAWANI M.E. 1998.
Serotonergic stimulation of avian prolactin secretion re-
quires an intact dopaminergic system. Gen. Comp. Endocri-
nol. 112: 63-68.

YOUNGREN O.M., CHAISEHA Y., EL HALAWANI M.E. 1998.
Regulation of prolactin secretion by dopamine and vasoac-
tive intestinal peptide at the level of the pituitary in the tur-
key. Neuroendocrinol. 68: 319-325.

YOUSEFI S., RAOUFI Z., RASOULI Z., ZEREHDARAN S. 2012.
Invastigation of prolactin gene polymorphism in Japanese
Quail. Anim. Sci. Biotechnol. 45: 289-292.

A. WILKANOWSKA et al.8


