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Prolactin, or luteotropic hormone, is a 
single polypeptide chain that is best 
known to initiate and sustain lactation, 
maintain the corpus luteum, and stimulate 
growth and differentiation of breast 
tissue.1 A versatile and potent molecule, it 
is known to have more than 300 functions 
in the body. Prolactin is structurally 
similar to growth hormone and is involved 
in mediating communication among the 
endocrine, nervous, and immune 
systems.2,3 Furthermore, recent evidence 
demonstrates a tumorigenic role for 
prolactin in breast, prostate, endometrial, 
ovarian, and liver cancers. 
 
Prolactin is produced chiefly by cells 
called lactotrophs in the anterior pituitary 
gland, under the control of dopamine, 
which is secreted from the hypothalamus 
and inhibits prolactin synthesis and 
release. Outside the pituitary, however, 
prolactin is known to be produced by 
other cell and tissue types, such as uterine 
endometrium (decidua), glandular and 
adipose breast tissue, T cell lymphocytes, 
the prostate, and the hypothalamus.2,4,5,6,7,8 
 
Elevated levels of prolactin in circulation, 
called hyperprolactinemia, is relatively 
common and may be caused by a vast 
number of physiologic and pathologic 
conditions. (Tables 1 and 2.) In addition, 
many commonly prescribed medications 

are known to induce hyperprolactinemia.9 
 
In women, hyperprolactinemia may result 
in irregular ovulation, menstrual 
abnormalities (amenorrhea or 
oligomenorrhea), or milk production in 
non-pregnant individuals (galactorrhea). 
In males, elevated prolactin levels are 
linked to impotence, diminished libido, 
infertility, and galactorrhea.10,11,12 While 
these conditions are relatively benign, 
prolactin has long been implicated in the 
spread of cancer, dating back to the 1960s 
and 1970s.13,14 Over approximately the 
last two decades, studies of prolactin-
mediated signaling pathways and extra-
pituitary prolactin expression have 
illuminated the role this powerful 
molecule plays in cancer progression. 
 
Prolactin Signaling Pathways 
The prolactin signaling pathways studied 
most often are those involving Janus 
Kinase-2 (Jak2) and Signal Transducer 
and Activator of Transcription-5 (Stat5), 
Ras and Mitogen Activated Protein 
Kinase (MAPK), and Phosphatidylinositol 
3-Kinase (PI3K) and Akt kinase. These 
pathways are also stimulated by growth 
hormone and control essential cellular 
processes like differentiation, 
proliferation, survival, and motility.15,16 
(Figure 1.) 
 
The Jak2-Stat5 cascade is one of the 
major signaling pathways stimulated by 
cytokines and growth factors. Its 
activation affects cell proliferation, 
differentiation, migration, and apoptosis.17 
In breast tissue, prolactin-mediated 
stimulation of the Jak2-Stat5 pathway 
controls the majority of physiological 
functions in the mammary gland, such as 

the induction of gene transcription for 
proliferation/cell cycle, and milk 
proteins.15,18,19 
 
The Ras-MAPK signaling pathway 
regulates many key cellular functions, 
such as growth, proliferation, and 
apoptosis. Mutations associated with this 
pathway are directly linked to several 
types of cancer. Even in the absence of 
genetic aberrations, this pathway is 
activated in more than 50% of acute 
myelogenous leukemia, acute lymphocytic 
leukemia, and other malignancies.20,21 
Activation of the PI3K-Akt pathway 
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results in cell survival and proliferation, 
by modulating cell cycle regulatory 
proteins, and also impacts cellular 
migration, differentiation, and adhesion. 
Dysfunction of this pathway is a known 
causative factor in carcinogenesis. In 
addition, germ line mutations that affect 
this pathway are noted in several 
genetically linked forms of cancer.5,22,23 
 
Epidemiological Studies 
Prolactin’s role in tumorigenesis has been 
studied for quite some time in breast 
cancer, dating back to 1962 when Boot et 
al. demonstrated that high circulating 
levels of prolactin promoted mammary 
tumor growth in mouse models.13 
Numerous additional studies were 
performed in the 1980s and 1990s, but 
only modest or no correlations were noted 
between high circulating prolactin levels 
and breast cancer risk.19,24 A retrospective 
evaluation, however, revealed that these 
studies were limited by a number of 
factors, such as small study populations, 
availability of post-diagnosis samples 
only, and only one sample being drawn 
from each study participant, which 
prevented prolactin levels from being 
monitored over a period of time.24,25 
 
In a review of data obtained from the 
Nurses’ Health Studies (NHS) 1 and 2, 
which involved more than 237,000 female 
subjects, a link between prolactin and 
breast cancer has become more evident. 
High serum levels of prolactin were 
associated with unsuccessful treatment, 
earlier disease recurrence, and a lower 
overall survival rate. The review also 
associated elevated serum prolactin with a 
60% increased risk of developing estrogen 
receptor-positive cancer.25 
Data from other subsets of the NHS 

population have been analyzed, and a 
family history of breast cancer was 
associated with significantly higher 
prolactin levels in premenopausal women, 
as compared to those with no such family 
history.26 In another analysis, a positive 
correlation was seen between elevated 
serum prolactin levels and risk of breast 
cancer, in both pre- and postmenopausal 
women. The association was slightly 
stronger in patients whose tumors tested 
positive for estrogen and progesterone 
receptors.27 
 
Pathway Dysfunction in the Breast 
and Prostate 
Supplementing these epidemiological 
reviews are several studies that indicate a 
causative role for prolactin in 
tumorigenesis. Prolactin mRNA and 
locally-produced, non-pituitary prolactin 
have been identified in normal and 
malignant breast tissue.1,4,5,28 In addition, 
these tissues are known to express 
prolactin receptors, which would suggest 
the possibility of mammary cells secreting 
prolactin molecules that would act on 
themselves (autocrine signaling) or 
neighboring cells (paracrine signaling). 
Indeed, autocrine and paracrine induction 
of prolactin-mediated signaling pathways 
are well-documented in breast 
tissue.1,4,5,28,29 
 
Over-stimulation or other dysfunction of 
intracellular signaling pathways are well-
known mechanisms of oncogenesis.30 
Theoretically, if abnormally high levels of 
prolactin were present in circulation or the 
extracellular matrix (ECM), it could lead 
to aberrant stimulation of the prolactin 
receptor, resulting in activation of the 
various prolactin-mediated pathways and, 
ultimately, the development of cancer. 

Many studies demonstrate that prolactin, 
whether produced locally or by the 
pituitary, promotes tumor growth in 
mammary tissue by activation of the  
Jak2-Stat5 and Ras-MAPK 
pathways.15,20,31,32,33,34,35,36,37 In a 2013 
study, Barcus et al. evaluated the roles of 
prolactin signaling and ECM density in 
breast cancer invasiveness.38 The authors 
found that in stiff, dense collagen 
matrices, prolactin activated ERK1/2, a 
component of the Ras-MAPK pathway, 
and increased the expression of matrix 
metalloproteinase-2 (MMP-2). Both 
consequences of prolactin signaling 
increased the invasive behavior of breast 
cancer cells. 
 
The PI3K-Akt pathway, although not yet 
directly linked to cancer by way of 
prolactin, does produce several 
downstream metabolites that regulate 
systems important in oncogenesis, such as 
proliferation, inhibition of apoptosis, 
angiogenesis, and cytoskeletal 
rearrangements.39,40,41,42 By affecting these 
downstream processes, prolactin may 
have an indirect role in tumor progression. 
Further study is warranted. 
 
In addition to mammary carcinoma, 
prolactin mediation of the Jak2-Stat5 
pathway is also implicated in the 
development of prostate cancer. Both 
prolactin and its receptor are expressed in 
normal and malignant prostate epithelium, 
suggesting the possibility of an autocrine 
prolactin signaling mechanism.7,43 In two 
separate studies, Li et al. demonstrated 
that Stat5 activation is associated with a 
higher tumor grade and earlier recurrence 
in prostate cancer.44,45 In a follow-up 
study, Dagvadorj et al. clearly 
demonstrated that autocrine prolactin, 
independent from pituitary prolactin 
promotes prostate cancer cell growth by 
activation of the Jak2-Stat5 pathway.46 
 
Prolactin in Other Malignancies 
Evidence is mounting for a role of 
prolactin in at least two gynecologic 
malignancies: endometrial and ovarian 
cancer. An exhaustive 2007 study 
evaluated the ability of 64 biomarkers to 
distinguish endometrial cancer from breast 
and ovarian cancers. Among all the 
markers, prolactin was best able to 
identify patients with endometrial cancer, 
and by quite a large margin: The prolactin 
assay demonstrated 98.3% sensitivity and 

Table 2: Possible Pathologic Causes of Hyperprolactinemia 
Pituitary Disorders CNS Disorders Other Disease States 
Prolactinomas Tumors Severe Hypothyriodism 
Mixed Pituitary Adenomas Granulomatous Diseases Epathic Cirrhosis 
Cushing’s Disease Vascular Disorders Chronic Renal Failure 
Acromegaly Autoimmune Disorders Polycystic Ovary Syndrome 
Non-Secreting Adenomas Hypothalamic Tumors Estrogen-Secreting Tumors 
Empty Sella Syndrome Cranial Irradiation Pseudocyesis 
Pituitary Stalk Tumors Seizures Chest Wall Trauma 
Lymphoid Hypophysitis  Herpes Zoster 
  Breast Cancer 
  Liver Cancer 
  Ovarian Cancer 
  Prostate Cancer 
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98.0% specificity, while the next most 
accurate marker exhibited 40.5% 
sensitivity and 95.0% specificity.47 
 
In ovarian cancer, serum levels of 
prolactin do not strongly correlate with 
risk of disease development in the general 
population, but elevated levels are 
associated with increased risk in two 
population subsets: overweight women 
and those with a strong family history of 
ovarian cancer.48,49 Furthermore, factors 
associated with a reduced risk of ovarian 
cancer, such as having borne children and 
the use of oral contraceptives, correlate 
strongly with lower prolactin levels, 
suggesting a role for prolactin in 
mediating these effects.48 Additional  
study is needed. 
 
Experimental evidence suggests a 
causative role for prolactin in endometrial 
and ovarian tumorigenesis, although not 
as much data exists as does for breast and 
prostate cancers. Levina et al. found the 
presence of prolactin mRNA and over-
expression of the prolactin receptor in 
ovarian and endometrial tumors.49 The 
authors also demonstrated prolactin’s 
ability to induce proliferation in 
endometrial and ovarian cancer cell lines. 
In addition, they found that prolactin was 
able to transform normal ovarian 
epithelial cells into cancerous tissue by 
way of Ras activation, a factor implicated 
in endometrial and ovarian 
carcinogenesis.50,51,52 More study is 
needed, but the possible involvement of 
prolactin in these malignancies appears 
likely. 
 
Prolactin may also be involved in liver 
cancer, as a recent study reported 
significantly elevated serum prolactin 
levels in patients with hepatocellular 
carcinoma, compared to healthy 
controls.53 The study also evaluated 
prolactin receptor expression and Jak2 
activation in patient tissue samples, and 
both were found to correlate with a poor 
outcome. Further analysis confirmed that 
prolactin induced the activation of Jak2 
and cyclin D1 in hepatocellular carcinoma 
cells, suggesting the proliferation of liver 
cancer may occur by way of the Jak2-
Stat5 signaling pathway. 
 
Summary 
The versatility and potency of the 
prolactin molecule is unquestionable. As 
early as 1962 it was implicated as a 

causative factor in mammary carcinoma. 
Since then, prolactin has been shown to 
predict treatment failure, disease 
recurrence, and a lower overall survival 
rate in breast cancer. In addition, its 
expression in tissue indicates tumorigenic 
potential and increased risk of developing 
disease in breast, prostate, endometrial, 
ovarian, and liver cancers. With 
prolactin’s seemingly ubiquitous synthesis 
and secretion, along with its involvement 
in multiple intracellular signaling 
pathways, it’s likely that even more roles 
and functions will be revealed in the near 
future. 
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