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ABSTRACT

Introduction: The polypeptide hormone prolactin (PRL) represents the pituitary modulator of lac-
tation and reproduction. Currently, we discuss the wide range of PRL actions “beyond the mammary 
horizon”. Multiple studies had showed the role of PRL as a cytokine, with comparable structural mo-
tifs, similar receptor structures and signal transduction pathways. Almost two decades ago it was fi rst 
hypothesized that PRL acts as a neuroendocrine modulator of both skin epithelial growth and the skin 
immune system. Moreover, it was described the PRL circuit between the skin and the central nervous 
system. Psoriasis vulgaris, an immunologically mediated skin disease, is a common disorder, having as 
main pathogenetic mechanisms the chronic infl ammation and keratinocytes hyperproliferation. Psoriasis 
vulgaris is not a life threatening disease, but aff ects seriously the quality of life; there is still no causative 
treatment.

 Methods: A$ er we describe the essentials of general PRL biology, the almost ubiquitous distribution 
of its receptors and the vast list of extrapituitary PRL-expressing tissues, our aim is to summarize clini-
cal observations that provide insights into how PRL may impact on the psoriatic skin and defi ne research 
for be% er characterize the complex role of PRL in human skin biology and pathology.  

Results: Focusing on psoriasis, as a stress-related disease, we then discuss the possible role of PRL/
PRLR in its pathology and may identify one potential biological marker and therapeutic targets for the 
management of this autoimmune skin disorder.

Conclusion:This theory/concept can now be integrated into current views on the multilevel neuroen-
docrine-immune communication along the brain-skin axis in health and disease. Due to the pathogenic 
complexity, there is no curative treatment for psoriasis and pharmacological modulation of PRL may 
represent a future target to restrict the lesions in psoriatic patients.
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INTRODUCTION

T
he skin is not only an important phys-
ical barrier to the environment and a 
key interface between the nervous 
and immune system, but also a major 
endocrine organ. The skin, central 

nervous system and endocrine system have a 
common embryological origin and express the 
same, various mediators (1). Among its com-
plex neuroendocrine activities, include pro-
duction of the pleiotropic 23 kDa hormone 
prolactin (PRL)(2). Human skin is a source of 
prolactin. Most scientists associate PRL with 
control of lactation and the common associa-
tion of prolactinoma with hyperprolactinae-
mia. Nevertheless, it is also a passkey in control 
of reproduction (3). Moreover, it has a pivotal 
part/role in upregulated on psychoemotional 
and physical stress (2). Its receptors are ex-
pressed on many cell types including immune 
cells, keratinocytes and several PRL immuno-
modulatory functions have been described (4). 

Psoriasis vulgaris is an inflammatory, im-
mune-mediated skin disease, often triggered or 
exacerbated by psychoemotional stress (5, 6) 
and influenced by genetics and epigenetic 
modifications triggered by environmental fac-
tors. This dermatosis is a common disease 
which affects approximately 2% of the world’s 
population, rarely life-threatening, but can 
damage significantly the patient’s quality of life. 
Due to the lack of a biological marker of dis-
ease, psoriasis is still a clinical diagnosis which 
is distinguished by typical or atypical manifes-
tations and morphologic patterns. Psoriasis vul-
garis may present with mutable clinical mani-
festations and from time to time, its clinical 
diagnosis can be difficult (7, 8).  q

Essentials about prolactin, its regulation and 
receptors

Prolactin is primarly produced under inhibi-
tory dopaminergic control in the anterior pitu-
itary gland; its gene is located on chromosome 
6 in humans. In addition to its systemic effects 
as a hormone, prolactin acts locally as a cyto-
kine (9, 10). It belongs to PRL/growth hormone 
(GH)/placental lactogen family of protein hor-
mones (3). Among its variants, it also exist 
smaller variants of human prolactin (14, 17, 22 
kDa) which are biologically active and may an-
tagonize some of the functions of 23 kDa hu-
man prolactin (11). For example, the classic 

form of 23 kDa has proangiogenic properties in 
contrast to antiangiogenic functions exerted by 
the 16 kDa type (12). Prolactin, which serum 
levels vary between pregnant women (150-
200ng/mL), non-pregnant women (10-25ng/
mL) and men (5-10ng/mL) is secreted in a cir-
cadian rhythm (2).   

The regulation and secretion of classic pitu-
itary prolactin is complex and include a wide 
variety of hormones, growth factors, drugs, 
amino acids and peptides (3, 13).  Its circadian 
rhythm is sustained by a complex inhibition-
disinhibition system (13). The inhibition part is 
maintained by the pulsatile dopaminergic sig-
nal from hypothalamic neurons which down-
regulates pituitary PRL secretion (13, 14). These 
effects are neutralized by secretion-stimulatory 
elements like oxytocin, thyrotropin - releasing 
hormone (TRH) and estradiol (3, 13, 15, 16).

Studies mentioned in literature showed that 
were identified prolactin expressions in extra-
pituitary sites such as uterus (endometrium), 
placenta, mammary gland, ovaries, testis, pros-
tate, brain, lymphocytes and adipose tissue 
(13, 17). This fact represented a significant 
progress in PRL research. PRL-expressing extra-
pituitary tissues express an alternative promot-
er, upstream of the pituitary-specific start site in 
the human PRL gene (18).

New research revealed that prolactin recep-
tors (PRLR) belong to the cytokine receptor su-
perfamily and are related to the GH receptor 
(19). PRLR signals among activation of the sig-
nal transducer and activation of transcription 5 
(Stat5) via associated Kinase Jak2 (2, 20). Gadd 
et al (21) have described 6 PRLR isoforms 
which might evoke their distinct biological 
properties depending on their ability to acti-
vate specific signaling cascades (19, 22). Apart 
from pituitary and mammary gland, prolactin 
receptors are also expressed in other sites in-
cluding lung, heart, liver, thymus and skin (3, 
23).

Role of prolactin in skin physiology and its 
expression in human skin

It was first hypothesized that prolactin acts 
as a neuroendocrine modulator of both skin 
epithelial growth and skin immune system al-
most two decades ago. Furthermore, it was 
named a “PRL circuit” between the skin and 
the central nervous system (24). Current views 
point out the multilevel neuroendocrine-im-
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mune communication through the “brain-skin 
axis” in health and disease (25-27). Foitzik et al 
(2) mentioned the presence of PRL and PRLR 
in several cutaneous cell population including 
keratinocytes, fibroblasts, sweat and sebaceous 
glands (2). All of these works suggest that PRL 
contributes to a variety of both physiological 
and pathological cutaneous process. 

Regulation of pituitary secretion includes 
dopamine, the key inhibitor and hypothalamic 
thyrotropin-releasing hormone (TRH) and es-
trogen like potent stimulators (3, 12, 23). It was 
thought that the control of pituitary PRL secre-
tion and transcription was different from that 
on extrapituitary sites. This concept was found-
ed on the existence of the pituitary specific 
transcription factor (PIT)-1 and an alternative 
extrapituitary PRL promoter (12). To make the 
difference between anterior pituitary cells and 
the expression of some of their hormone prod-
ucts, PIT-1 is needed. Studies on human de-
cidua, which was the best-extrapituitary PRL 
producing tissues studied, showed PRL tran-
scription was PIT-1, but its production was nei-
ther inhibited by dopamine or bromocriptine, 
nor stimulated by TRH and estrogen (28). 
Bromcriptine is a dopamine agonist, synthetic 
ergoline derivate which effect is to inhibit PRL 
secretion (12). Gil-Puig et al. demonstrated PIT-
1 mRNA and protein expression in human 
breast tissue where it was found to increase cell 
proliferation (29). Whether human skin ex-
presses PIT-1 and regulates intracutaneous PRL 
expression remains to be investigated. Suggests 
that at least some key endocrine controls of pi-
tuitary PRL secretion also function in human 
skin were made (29). The limited available data 
in the literature propose that TRH and estrogen 
administration might be performed in the man-
agement of skin and hair disorders associated 
with aberrant PRLR-mediated signaling (2, 12, 
29). Nonetheless, caution must be performed 
before conclude these preliminary results.

Human skin is abounded innervated, pro-
duces neuropeptides and neurotransmitters 
and is a reservoir and target of a diversity of 
hormones, hence creating multiple levels of 
neural-endocrine-immune interplay within the 
same organ (26, 27). Physical and psychologi-
cal stress can modulate intracutaneous neural-
endocrine-immune interactions, summed up 
under the term “brain-skin” axis (12, 24).  Skin 
exhibits complex neuroendocrine regulatory 
circuits (24). Organ cultured microdissected 

human scalp, hair follicle expressed TRH and 
its receptor and demonstrate a functional pe-
ripheral equivalent to the hypothalamic-pitu-
itary-adrenal (HPA) axis, complete with cortico-
trophin-releasing hormone (CRH) and cortisol 
synthesis, as much as feedback inhibition of 
follicular CRH expression by cortisol (12, 24). 

Connections between prolactin, its 
receptors and key skin cell population 

Prolactin, being an important mediator of 
the “brain-skin” axis, its effects on skin cell 
populations must be pointed out (24).  

Keratinocytes are notable epidermal cells 
and have an important role by maintaining the 
epidermal barrier, participating in skin immune 
system, regulating cutaneous antimicrobial de-
fenses and supporting to the skin’s integrity 
(14). PRL and its receptors have been demon-
strated in human and murine hair follicle kera-
tinocytes, both in situ and in vitro (2, 30, 31).  
Hair follicle (HF) keratinocytes are alike to epi-
dermal keratinocytes, but perform different 
functions, corneocyte and trichocyte genera-
tion, respectively (30). PRL has been reported 
to have proliferation-stimulating effects on cul-
tured epidermal kerationocytes (32). PRLR ex-
pression is upregulated in keratinocytes after 
the onset of terminal differention (33). The pre-
cise pathways through which prolactin stimu-
lates proliferation of keratinocytes are as yet 
unknown, although LeBaron et al. in 2007 
demonstrated the activation of Stat5 in murine 
basal epidermal cells after PRL stimulation. PRL 
also modulates cytokine/chemokine produc-
tion in keratinocytes (34). Kanda et al. (2007) 
showed that prolactin can enhance interferon-
γ-induced chemokine (C-X-C motif) ligand 

FIGURE 1. (adapted by Langan et al)(12) – Actions 
of Prolactin in cutaneous biology and its 
associations with skin diseases 
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(CXC) 9, 10, 11 production  in human neonatal 
foreskin keratinocytes via activation of signal 
transducer and activator of transcription 
(STAT)1, nuclear factor κB (NF- κB) and Inter-
feron regulatory (IRF)-1, through Janus Kinase 
(JAK)2 and mitogen-activated protein kinase 
(MEK)/ extracellular signal-regulated kinase 
(ERK) pathways (12, 35).  This statement led to 
speculation that PRL might facilitate T cell infil-
tration into psoriatic plaques (35).  Hence, the-
oretically, targeting local PRL production could 
be a potential treatment strategy in manage-
ment of selected inflammatory skin diseases. 

Dermal fibroblasts are well-known for sus-
taining and remodeling the extracellular matrix 
of the skin, demonstrating support and for nor-
mal wound healing. Richards et al. showed 
that human dermal fibroblasts produce both 
PRL and PRLR (36). The detected 23kDa PRL 
protein, in vitro, is identical to pituitary and de-
cidual PRL (12, 36). Furthermore, the PRL 
mRNA detected by northern blotting is 150 bp 
larger than the pituitary mRNA transcript, con-
sistent with the expression of the 5' non coding 
exon express in extrapituitary sites (2, 36). At 
present, there are no laboratory techniques to 
identify proteolytic forms of PRL that might be 
expressed in human skin. Langan et al. men-
tioned that the documented effects of PRL in 
human hair growth in vitro are antagonized by 
a specific PRLR antagonist, suggesting that the 
23 kDa isoform is predominantly expressed 
(12). 

Endothelial cells are involved in many as-
pects of vascular biology, including their signifi-
cant role in inflammation and angiogenesis (2, 
12). Angiogenesis is a feature of psoriasis and of 
the anagen phase of hair follicle cycling (37, 
38). Indeed, serum levels of vascular endothe-
lial growth factor (VEGF) correlate with the 
presence and severity level of psoriasis, chron-
ic, hyperproliferative T-cell mediated inflam-
matory skin disease, whose pathogenesis re-
mains incompletely understood (12, 38). Low 
levels of PRL mRNA and the expression of PRL 
protein in endothelial cells have been reported 
(39).  Proangiogenic effect was reported in vivo 
from the 23 kDa PRL (40), rather than the 16 
kDa PRL which has antiangiogenic reaction(41) 
and diminuates nitric oxide production by in-
hibiting its synthase production in endothelial 
cells (42). Moreover, Lee et al. and Tabruyn et 
al. demonstrated that the 16 kDa PRL inhibits 
VEGF and stimulates endothelial cell apoptosis 

(41, 43). It sums up that in human, these facts 
could emphasize the process of aberrant vascu-
lar proliferation in psoriasis vulgaris (12).

PRL and PRLR are also present in human 
sebaceous glands (12). In fact, prolactin stimu-
lates sebum production in humans. Thus, 
women with hyperprolactinemia exhibit hirsut-
ism and seborrhea and patients treated with 
hyperprolactinemia-inducing neuroleptic 
drugs, also develop seborrhea (12, 24). Serafini 
et al. mentioned that PRL and PRLR might be 
implicated in psychoemotional stress on acne 
vulgaris and might also be related to effects on 
peripheral androgen metabolism (44). Howev-
er, there is no consensus as to whether pituitary 
or skin derived PRL is mainly responsible for 
these effects (2, 12).

Sweat glands are small tubular structures, a 
skin appendage which can be categorized in 
two main types relying on their secretory prod-
uct and mechanism of secretion (2). Roles as 
osmo- and thermoregulation are relevant. Be-
sides the sweat glands roles on non-mammals 
which were demonstrated in studies (45), actu-
ally, PRL modulates chloride concentration in 
human sweat; therefore, human sweat glands 
exhibit PRL immunoreactivity and speculations 
about the role of PRL in cystic fibrosis patho-
genesis were made (46).  

Paus et al. observed that in human male oc-
cipital scalp, PRL exerts inhibitory effects on 
hair growth, in vitro, which could sustain the 
concept of telogen effluvium seen in patients 
with hyperprolactinemia (24, 26). The modula-
tory effects on PRL, in vitro, could be site or 
gender –specific because in organ-cultured fe-
male stimulates hair follicle in frontotemporal 
region (12). Besides the demonstrated direct 
adaptor role of prolactin on hair follicle cycling 
on the mice, in human scalp, hair follicle ex-
presses both PRL and PRLR at the mRNA and 
protein level, as in human skin (2). Treatment 
of organ-cultured human scalp HFs in anagen 
VI with high dose of PRL (400 ng/mL), at levels 
present in patients with hyperprolactinemia 
due to macroprolactinoma, resulted in prema-
ture catagen development, important inhibi-
tion of hair shaft elongation, reduced prolifera-
tion and increased apoptosis of hair bulb 
keratinocytes (2, 12, 47). This reveals that intra-
follicular PRLRs are functional and, as a conse-
quence, human skin, including human scalp 
HFs, represent direct targets, not only extrapi-
tuitary sources of PRLR (2, 30, 47). 
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Clinical relevance of prolactin, focus on 
psoriasis vulgaris

In dermatology practice, reduced, but in-
triguing evidence indicates to PRLR-mediated 
signaling role in psoriasis vulagaris (2).  Despite 
that role of PRL in psoriasis vulgaris pathogen-
esis is still unclear, participation of prolactin in 
gender-specific development of autoimmune 
diseases has become accepted (48-51). Multi-
ple studies reported autoimmune diseases like 
systemic lupus, systemic sclerosis, Reiter’s syn-
drome, rheumatoid arthritis, diabetes mellitus, 
Addison’s disease and autoimmune thyroid dis-
eases have all been associated with elevated 
serum prolactin levels (52-56). 

Psoriasis vulgaris it is known as a chronic, 
recurrent, immune-mediated inflammatory 
disease with a conceded genetic predisposition 
(8). Psoriasis may begin on any age; two peaks 
were observed: around 20-30 and over 50 
years of age, pediatric psoriasis can arrive about 
30% of all cases; it is usually uncommon under 
the age of 10 years (8). An earlier age of onset 
and a positive family history are associated with 
possession of HLA Class I antigens, particularly 
HLA-Cw6, considering that, Henseler and 
Christophers proposed two different types of 
psoriasis: type I with onset age before 40 years, 
HLA-associated and type II with age of onset 
after 40 years and lack of HLA involvement. In 
spite of that, no evidence demonstrated of dif-
ferent respond on treatment between them (1, 
8). Although, the early onset of chronic plaques 
psoriasis in white population was connected 
with 36 genetic loci which led to the fact that 
the age of onset is, partially, genetic influenced 
(1).

Interplay between environmental and ge-
netic factors is convincing for the development 

of the disease (1). Exogenous factors like chem-
ical ones (cauterization, chronic alkaline dam-
age, toxic agents); physical triggers like injury – 
in the context of Köbner phenomenon, friction, 
surgical scar, injection site, scalding, burning, 
pressure points, X radiation; seasonal varia-
tions; alcohol consumption; smoking; drugs 
(antimalarials, gold salts, lithium, beta-adrener-
gic blocking agents, non-steroidal anti-inflam-
matory drugs, angiotensin-converting enzyme 
inhibitors, antifungals) have been linked with 
psoriasis vulgaris and have a causal relationship 
by acting as a trigger in the initiation of the dis-
ease process or exacerbation of pre-existing 
disease (1, 8). Infections with agents like Strep-
tococcus Beta Haemolyticus, Streptococcus 
pyogenes, Herpes simplex virus, Herpes Zoster 
virus, Hepatitis C virus, Human Immunodefi-
ciency Virus, Candida albicans are well- recog-
nized as precipitating factors in this dermatosis 
(8). (However, convincing evidence is lacking.) 
Endogenous factors such as allergies or hor-
monal-related changes have been identified to 
elicit the psoriatic lesions (1). Most common 
endogenous trigger for this inflammatory skin 
disease is represented by emotional stress. 
Considerable clinical proof exists for the role of 
stress in the onset and exacerbation of psoriasis 
vulgaris. Gupta et al reported several psycho-
cutaneous features, including increased exac-
erbations and worse disease correlated with 
stress activity (57). 

The psoriasis area and severity index (PASI) 
is the ideal clinical marker to appreciate psoria-
sis severity, besides being the most widely used 
tool to determine the disease severity in clinical 
trials and practice. It has the advantage to be 
sensitive to changes in the affection, hence to 
reflect improvement or worsening of this der-

FIGURE 2. (adapted by Foitzik et al)(2) – the PRL-skin circuit/brain-skin axis
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matosis (58). However, PASI has its limitations; 
for example, in the mild form it is not so sensi-
tive in changes in small areas of involvement 
(59, 60). Indeed, there are other approaches to 
assess psoriasis severity like the percentage of 
involved body surface area, the Physician’s 
Global Assessment. Focusing on aspects of the 
quality of life that are affected by skin disease, 
we have the Dermatology Life Quality Index 
(DLQI) (61).  Unfortunately, all of these tools 
are clinical markers. Biological ones for diagno-
sis and prognosis of psoriasis help to establish 
its severity and monitor the therapeutic re-
sponse. The identification in patient’s serum of 
predictive biological markers of psoriasis vul-
garis course would be valuable in clinical prac-
tice.

Immunological changes in psoriasis, 
cytokines induction of prolactin and its 
receptors

The pathophysiology of psoriasis vulgaris is 
multifactorial and is still not completely eluci-
dated.  Psoriasis vulgaris, a prototypical T help-
er 1 (Th-1), T helper 17 (Th-17) and T helper 
22 (Th-22) mediated inflammatory disease is 
currently characterized as an immune mediat-
ed inflammatory disease corelated with sys-
temic inflammation resulting in increased risk 
for associated comorbidities (58, 62). 

Among the mechanisms involved in psoria-
sis, Th1/Th2 proportion, Th17/Treg balance, 
and IL-23/Th17 axis appear to be particulary 
semnificative (58). Recently, IL-9 producing 
Th9 cells and IL-17 producing γδT cells have 
been found to play significant roles in the 
pathogenesis (7). New discoveries in the patho-
genesis of psoriasis have led to novel modalities 
of therapy (62).

More than three decades ago, it was first as-
serted that bromocriptine, an ergoline derivate, 
the dopamine agonist induced respite of psori-
atic lesions, even psoriatic arthritis (63). This 
theory enlightened concepts/ideas to demon-
strate a role of prolactin in the pathogenesis of 
this chronic, inflammatory disease (24). The 
pathological hallmarks of psoriasis as men-
tioned are keratinocyte hyperproliferation, dys-
regulated angiogenesis and expression of pro-
inflammatory T helper (Th) 1 cytokines (64). 
Psoriasis vulgaris is often triggered or exacer-
bated by psychoemotional stress (5, 6). Given 
that PRL represents a classic neuroendocrine 

mediator of stress responses, it has been hy-
pothesized that effects of stress on psoriasis are 
controlled by modifications in serum PRL levels 
(24).  Dunna and Finlay observed during preg-
nancy that female patients with psoriasis tend 
to be stable and on the early months postpar-
tum, psoriatic lesions may worsen. This led to 
presume the link between the physiological hy-
perprolactinemia associated with lactation with 
the exacerbated course of psoriatic lesions (65). 

Girolomoni et al. showed that prolactin 
stimulates human epidermal keratinocytes pro-
liferation (32), as well as VEGF production in 
vitro demonstrated by Garcia de la Torre et al. 
(66) and PRL exerts varied proinflammatory ac-
tivities (67). Furthermore, prolactin may con-
tribute in development of psoriatic plaques by 
stimulating interferon γ (IFN-γ) (52), but simul-
taneously the inhibition of T-supressor cell 
functions by PRL may also serve to facilitate the 
advancement of psoriatic lesions (2, 64). As 
mentioned, PRL incites production of certain 
chemokines in human keratinocytes, poten-
tially facilitating Th1 cell infiltration into epider-
mis and supporting the development of psori-
atic plaques (12, 24, 35). Moreover, Kanda and 
Watanabe observed that by activating STAT1, 
NF-κB and IRF-1, PRL enhances IFN-γ-induced 
transcription and secretion of key chemokines 
(CXCL9, CXCL10, CXCL11), hence promoting 
the infiltration of type 1-T helper cells into pso-
riatic lesions (35). Due to that, cyclosporine A 
(CsA) is an efficient treatment for psoriasis (68).  
Hiestand et al. showed that PRL competes with 
CsA for a common binding site on T lympho-
cytes and prolactin secretion also inverses the 
immunosupression induced by CsA (69). Nei-
dhart et al. demonstrated that CsA inhibits PRL-
mediated induction of ornithine decarboxylase 
and also that CsA and bromocriptine have syn-
ergistic effects on autoimmune diseases (70). 
Therefore, this idea might allow lower-dose 
CsA therapy in psoriasis (2).

Sánchez Regaña and Umbert Millet, in 
2000 reported three cases of psoriasis in asso-
ciation with prolactinoma and that treatment 
with bromocriptine led to a better therapeutic 
response of the cutaneous lesions (71). Dilme-
Carreras et al. found a positive correlation be-
tween serum PRL levels and the corresponding 
index PASI (psoriasis area and severity index)
(72). Husakova et al. in 2015 demonstrated 
correlation between increased PRL serum lev-
els and psoriatic arthritis, therefore elevated 
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PRL serum levels might represent a marker of 
inflammatory joint disease in patients suffering 
from psoriasis vulgaris (73).

Recently, it has been shown that PRL en-
hances inflammation and Th1 and Th17 cyto-
kine production in a mouse model with imiqui-
mod-induced psoriasiform skin changes(74). 
PRL is overexpressed in psoriatic skin lesions 
(75). 

Due to the modest number of reported case 
with correlation between hyperprolactinemia 
and psoriasis vulgaris (71, 72, 76), this associa-
tion remains to be proven. Even though, in-
creased prolactin serum levels have been re-
ported in patients with psoriasis, frank evidence 
that the incidence of psoriasis is increased in 
patients with hyperprolactinemia is lacking. 

Nevertheless, in view of the recognized 
increase of human serum PRL levels upon 
psychoemotional stress (77) and the exacer-
bating effect of psychological stress in patients 
with psoriasis vulgaris (6, 12), it would be int-
eresting to examine the effects of psychological 
stress on pituitary PRL production correlated 
with clinical and molecular markers on patients 
with psoriasis vulgaris versus healthy 
volunteers.  q 

CONCLUSION

As a prototypical interface organ, where the 
nervous, immune and endocrine systems 

interconnect with environmental stimuli (2), 
the skin presents an instructive, easily accessi-
ble and clinically relevant model to determine 
the functions and regulation of extrapituitary 
PRL production. Larger studies are clearly 
needed to validate the available preliminary 
evidence that cutaneous PRL effects and/or 
PRL production might be gender- and/or site-
dependent, not unlike those of androgens. 

Finally, on the basis of reviewed evidences 
presented above, we can conclude with the 
notion that PRL and PRLR-mediated signaling 
could be targeted therapeutically in a dermato-
logical context. As a consequence, the progress 
of an efficient, well-tolerated alternative to bro-
mocriptine therapy, as anti-PRL agent remains 
the pivotal challenge to carrying the “prolactin-
skin connection” into dermatological therapy 
(2).  q 

Conflict of interests: the authors declare that 
there is no conflict of interests.

Financial support: none declared.

1. Roman I, et al. The role of hormones in 
the pathogenesis of psoriasis vulgaris. 
Clujul Med, 2016;89:11-8.

2. Foitzik, K, Langan EA, Paus R. 
Prolactin and the skin: a dermatological 
perspective on an ancient pleiotropic 
peptide hormone. J Invest Dermatol, 
2009;129:1071-87.

3. Freeman E, et al. Prolactin: structure, 
function, and regulation of secretion. 
Physiol Rev, 2000;80:1523-631.

4. Constanza M, Steinman L, Pedo! i R. 
Prolactin: A versatile regulator of 
infl ammation and autoimmune 
pathology. Elsevier, 2014. Autoimmunity 
Reviews 2015;14:223-230.

5. Fortune DG, et al. Psychological 
distress impairs clearance of psoriasis 
in patients treated with photochemo-
therapy. Arch Dermatol.2003;139:752-6.

6. O’Leary CJ, et al. Perceived stress, 
stress a" ributions and psychological 
distress in psoriasis. J Psychosom Res, 
2004;57:465-71.

7. Deng Y, Chang C, Lu Q. The Infl amma-
tory Response in Psoriasis: a Compre-
hensive Review. Clin Rev Allergy 
Immunol, 2016;50:377-89.

8. Lowell A. Goldsmith SIK, Gilchrest 

BA, et al. Fitzpatrick’s Dermatology in 
General Medicine, Eighth Edition. Vol. 
1. 2012.

9. Chilton BS, Hewetson A. Prolactin and 
growth hormone signaling. Curr Top 
Dev Biol, 2005;68:1-23.

10. Goffi  n V, et al. Prolactin: the new 
biology of an old hormone. Annu Rev 
Physiol, 2002;64:47-67.

11. Ramot Y, et al. Prolactin--a novel 
neuroendocrine regulator of human 
keratin expression in situ. FASEB J. 
2010;24:1768-79.

12. Langan EA, et al. Mind the (gender) 
gap: does prolactin exert gender and/or 
site-specifi c eff ects on the human hair 
follicle? J Invest Dermatol, 2010;130:886-
91.

13. Ben-Jonathan N, et al. Focus on 
prolactin as a metabolic hormone. 
Trends Endocrinol Metab, 2006;17:110-6.

14. McFarland-Mancini M, et al. Induction 
of prolactin expression and release in 
human preadipocytes by cAMP 
activating ligands. Biochem Biophys Res 
Commun, 2006;344:9-16.

15. Ben-Jonathan N, La Pensee CR, La 
Pensee EW. What can we learn from 
rodents about prolactin in humans? 

Endocr Rev. 2008;29:1-41.
16. Nagy GM, et al. Control of prolactin 

secretion by excitatory amino acids. 
Endocrine, 2005;28:303-8.

17. Harris J, et al. Prolactin and the 
prolactin receptor: new targets of an old 
hormone. Ann Med, 2004;36:414-25.

18. Gellersen B, et al. Nonpituitary human 
prolactin gene transcription is 
independent of Pit-1 and diff erentially 
controlled in lymphocytes and in 
endometrial stroma. Mol Endocrinol, 
1994;8:356-73.

19. Goffi  n V, et al. Development and 
potential clinical uses of human 
prolactin receptor antagonists. Endocr 
Rev. 2005;26:400-22.

20. Hennighausen L, Robinson GW. 
Interpretation of cytokine signaling 
through the transcription factors 
STAT5A and STAT5B. Genes Dev. 
2008;22:711-21.

21. Gadd SL, Clevenger CV. Ligand-inde-
pendent dimerization of the human 
prolactin receptor isoforms: functional 
implications. Mol Endocrinol, 
2006;20:2734-46.

22. Tro!  JF, et al. Multiple new isoforms of 
the human prolactin receptor gene. Adv 

R#$#%#&'#(



INTERPLAY BETWEEN PROLACTIN AND PATHOGENESIS OF PSORIASIS VULGARIS

239Maedica   A Journal of Clinical Medicine, Volume 11 No.3 2016

Exp Med Biol. 2004;554:495-9.
23. Ben-Jonathan N, et al. Extrapituitary 

prolactin: distribution, regulation, 
functions, and clinical aspects. Endocr 
Rev.1996;17:639-69.

24. Paus R. Does prolactin play a role in 
skin biology and pathology? Med 
Hypotheses. 1991;36:33-42.

25. Arck PC, et al. Neuroimmunology of 
stress: skin takes center stage. J Invest 
Dermatol. 2006;126:1697-704.

26. Paus R, Theoharides TC, Arck PC. 
Neuroimmunoendocrine circuitry of 
the ‘brain-skin connection’. Trends 
Immunol. 2006;27:32-9.

27. Slominski A, et al. Corticotropin 
releasing hormone and the skin. Front 
Biosci. 2006;11:2230-48.

28. Irwin JC, Utian WH, Eckert RL, Sex 
steroids and growth factors diff eren-
tially regulate the growth and diff eren-
tiation of cultured human endometrial 
stromal cells. Endocrinolo-
gy.1991;129:2385-92.

29. Gil-Puig C, et al. Pit-1 is expressed in 
normal and tumorous human breast 
and regulates GH secretion and cell 
proliferation. Eur J Endocrinol. 
2005;153:335-44.

30. Foitzik K, et al. Human scalp hair 
follicles are both a target and a source 
of prolactin, which serves as an 
autocrine and/or paracrine promoter of 
apoptosis-driven hair follicle regres-
sion. Am J Pathol. 2006;168:748-56.

31. Foitzik K, Paus R. Regulation of 
human hair growth and therapeutic 
options. J Dtsch Dermatol Ges. 
2005;3:901-15.

32. Girolomoni G, Phillips JT, Bergstress-
er PR. Prolactin stimulates proliferation 
of cultured human keratinocytes. J 
Invest Dermatol. 1993;101:275-9.

33. Poumay Y, et al. Human epidermal 
keratinocytes upregulate expression of 
the prolactin receptor a% er the onset of 
terminal diff erentiation, but do not 
respond to prolactin. Arch Biochem 
Biophys. 1999;364:247-53.

34. Le Baron MJ, et al. In vivo response-
based identifi cation of direct hormone 
target cell populations using high-
density tissue arrays. Endocrinology. 
2007;148:989-1008.

35. Kanda N, Watanabe S. Prolactin 
enhances interferon-gamma-induced 
production of CXC ligand 9 (CXCL9), 
CXCL10, and CXCL11 in human 
keratinocytes. Endocrinology. 
2007.148:2317-25.

36. Richards RG, Hartman SM. Human 
dermal fi broblast cells express prolactin 
in vitro. J Invest Dermatol. 1996;106:1250-5.

37. Ge G, et al. Bone morphogenetic 
protein 1 processes prolactin to a 
17-kDa antiangiogenic factor. Proc Natl 
Acad Sci U S A. 2007;104:10010-5.

38. Mecklenburg L, et al. Active hair 
growth (anagen) is associated with 
angiogenesis. J Invest Dermatol. 
2000;114:909-16.

39. Clapp C, et al. Expression of prolactin 
mRNA and of prolactin-like proteins in 
endothelial cells: evidence for autocrine 
eff ects. J Endocrinol. 1998;158:137-44.

40. Corbacho AM, Martinez De La 
Escalera G, Clapp C. Roles of prolactin 
and related members of the prolactin/
growth hormone/placental lactogen 
family in angiogenesis. J Endocrinol. 
2002;173:219-38.

41. Lee SH, et al. 16-kDa prolactin inhibits 
endothelial cell migration by down-
regulating the Ras-Tiam1-Rac1-Pak1 
signaling pathway. Cancer Res. 
2007;67:11045-53.

42. Clapp C, Thebault S, Martinez de la 
Escalera G. Role of prolactin and 
vasoinhibins in the regulation of 
vascular function in mammary gland. J 
Mammary Gland Biol Neoplasia. 
2008;13:55-67.

43. Tabruyn SP, et al. The angiostatic 16K 
human prolactin overcomes endothelial 
cell anergy and promotes leukocyte 
infi ltration via nuclear factor-kappaB 
activation. Mol Endocrinol. 2007;21:1422-
9.

44. Serafi ni P, et al. Modulation of 
prolactin responses to gonadotropin 
releasing hormone by acute testoster-
one infusions in normal women. 
Gynecol Endocrinol.1987;1:247-53.

45. Wendelaar Bonga SE, Meis S. Eff ects of 
external osmolality, calcium and 
prolactin on growth and diff erentiation 
of the epidermal cells of the cichlid 
teleost Sarotherodon mossambicus. Cell 
Tissue Res. 1981;221:109-23.

46. Robertson MT. Prolactin, human 
nutrition and evolution, and the 
relation to cystic fi brosis. Med Hypoth-
eses.1989;29:87-99.

47. Foitzik K, et al. Prolactin and its 
receptor are expressed in murine hair 
follicle epithelium, show hair cycle-
dependent expression, and induce 
catagen. Am J Pathol. 2003;162:1611-21.

48. Al-Chalabi T, et al. Autoimmune 
hepatitis overlap syndromes: an 
evaluation of treatment response, 
long-term outcome and survival. 
Aliment Pharmacol Ther. 2008;28:209-20.

49. Bi! encourt PL, et al. Frequency of 
concurrent autoimmune disorders in 
patients with autoimmune hepatitis: 
eff ect of age, gender, and genetic 
background. J Clin Gastroenterol. 
2008;42:300-5.

50. Orbach H, Shoenfeld Y. Hyperprolac-
tinemia and autoimmune diseases. 
Autoimmun Rev. 2007;6:537-42.

51. Peeva E, Zouali M. Spotlight on the 
role of hormonal factors in the 
emergence of autoreactive B-lympho-
cytes. Immunol Le% . 2005;101:123-43.

52. De Bellis A, et al. Prolactin and 
autoimmunity. Pituitary. 2005;8:25-30.

53. Jara LJ, et al. Hyperprolactinemia in 
Reiter’s syndrome. J Rheumatol. 
1994;21:1292-7.

54. Matera L, Mori M, Gale! o A. Eff ect of 

prolactin on the antigen presenting 
function of monocyte-derived dendritic 
cells. Lupus. 2001;10:728-34.

55. Velkeniers B, et al. Prolactin, growth 
hormone and the immune system in 
humans. Cell Mol Life Sci. 1998;54:1102-8.

56. Vera-Lastra O, Jara L, Espinoza LR. 
Prolactin and autoimmunity. Autoim-
mun Rev. 2002;1:360-4.

57. Burns T, et al. Rook’s Textbook of 
Dermatology. 2013: Wiley.

58. Coimbra S, et al. The roles of cells and 
cytokines in the pathogenesis of 
psoriasis. Int J Dermatol. 2012;51:389-95.

59. Feldman SR, Krueger GG. Psoriasis 
assessment tools in clinical trials. Ann 
Rheum Dis, 2005;64 Suppl 2: p. ii65-73.

60. van de Kerkhof PC. On the limitations 
of the psoriasis area and severity index 
(PASI). Br J Dermatol. 1992;126:205.

61. Finlay AY, Khan A. Dermatology Life 
Quality Index (DLQI)--a simple 
practical measure for routine clinical 
use. Clin Exp Dermatol. 1994;19:210-6.

62. Coimbra S, et al. Le" er to the editor: A 
potential mechanism for the pathogen-
esis of psoriasis vulgaris. Int J Dermatol. 
2013;52:1429-32.

63. Weber G, Klughardt G, Neidhardt M. 
Psoriasis and human growth hormone: 
aetiology and therapy. Arch Dermatol 
Res.1981;270:361-5.

64. Lowes MA, Bowcock AM, Krueger JG. 
Pathogenesis and therapy of psoriasis. 
Nature. 2007;445:866-73.

65. Dunna SF, Finlay AY. Psoriasis: 
improvement during and worsening 
a% er pregnancy. Br J Derma-
tol.1989;120:584.

66. de la Torre NG, Turner HE, Wass JA. 
Angiogenesis in prolactinomas: 
regulation and relationship with 
tumour behaviour. Pitu-
itary.2005;8:17-23.

67. Chikanza IC, Panayi G. Hypothalamic-
pituitary mediated modulation of 
immune function: prolactin as a 
neuroimmune peptide. Br J Rheumatol. 
1991;30:203-7.

68. Griffi  ths CE, et al. Update on the use of 
ciclosporin in immune-mediated 
dermatoses. Br J Dermatol; 2006;155 
Suppl 2:1-16.

69. Hiestand PC, et al. Prolactin as a 
modulator of lymphocyte responsive-
ness provides a possible mechanism of 
action for cyclosporine. Proc Natl Acad 
Sci U S A. 1986;83:2599-603.

70. Neidhart M. Synergism between 
long-acting bromocryptine microcap-
sules and cyclosporine A in the 
prevention of various autoimmune 
diseases in rats. Experientia. 1996;52:892-9.

71. Sanchez Regana M, Umbert Millet P. 
Psoriasis in association with prolacti-
noma: three cases. Br J Dermatol. 
2000;143:864-7.

72. Dilme-Carreras E, et al. Serum 
prolactin levels in psoriasis and 
correlation with cutaneous disease 
activity. Clin Exp Dermatol. 2011;36:29-32.



INTERPLAY BETWEEN PROLACTIN AND PATHOGENESIS OF PSORIASIS VULGARIS

240 Maedica
  

A Journal of Clinical Medicine, Volume 11 No.3 2016

73. Husakova M, et al. Elevated serum 
prolactin levels as a marker of 
infl ammatory arthritis in psoriasis 
vulgaris. Biomed Pap Med Fac Univ 
Palacky Olomouc Czech Repub. 
2015;159:562-8.

74. Hau CS, et al. Prolactin induces the 
production of Th17 and Th1 cytokines/

chemokines in murine Imiquimod-
induced psoriasiform skin. J Eur Acad 
Dermatol Venereol. 2014;28:1370-9.

75. El-Khateeb EA, et al. Prolactin level is 
signifi cantly elevated in lesional skin of 
patients with psoriasis. Int J Dermatol. 
2011;50:693-6.

76. Rathika S, et al. Eff ect of treatment on 

prolactin levels in patients with 
psoriasis vulgaris. Clin Chim Acta. 
2014;429:212-4.

77. Jezova D, et al. A" enuated neuroendo-
crine response to hypoglycemic stress 
in patients with panic disorder. 
Neuroendocrinology. 2010;92:112-9.


