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rolactin is a phylogenetically old signaling molecule
whose gene can be traced to lampreys more than 500
million years ago (1). This fact poses the question of a
primitive function for prolactin, which would explain its
retention during premammalian evolution. With the
origin of mammals, prolactin became linked inextricably
to the development of the mammary gland and lactation.
Notwithstanding the variety of actions attributed to
prolactin, a common thread is its association with a nur-
turing function in the postmating phase of reproductive
cycles, including behavioral changes (broodiness, suppres-
sion of aggression) and metabolic functions (freshwater
adaptation, migrations, or seasonal gonadal suppression).
Across many species, prolactin exerts similar adaptive roles
in homeostasis. For example, in fish and amphibians, it is
involved in electrolyte balance across epithelial barriers, in
pigeons it controls the secretion of nutrients and electrolytes
from an epithelial gland (the crop milk), and in mammals it
controls the secretion of milk from the mammary gland. In
parallel, prolactin has been implicated in parental behavior
ranging from nest fanning in fish, incubation and brooding
behavior in birds, to maternal behavior in mammals.
Discovered nearly 90 years ago, prolactin’s name ad-
dresses its main function, the promotion of lactation.
However, this name falls short in uncovering or suggesting
prolactin’s true potential in physiology. The comprehensive
process of pregnancy and lactation points to its multifac-
eted functions in which it tends to adapt to complex and
demanding processes in the mother, requiring multiple
diverse systems and organs to undergo a successful tran-
sition for successful child delivery and fostering.
During pregnancy and lactation, prolactin participates in
the development of the mammary gland and lactation, ma-
ternal behavior, increased neurogenesis, insulin resistance
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and transfer of glucose to the fetus, expansion of 8 cells,
increased appetite, leptin resistance, fat deposition (preg-
nancy) and mobilization (lactation), bone and calcium ho-
meostasis, anovulation, reduced stress responses, oxytocin
secretion, and facilitation of prolactin secretion (2). Nev-
ertheless, except for its effects on fertility and milk pro-
duction, it must be borne in mind that prolactin often acts
as a physiological modulator rather than a master director.
Understanding these actions provides a clue for the wide-
spread distribution of prolactin receptors (PRLRs) in the
organism. Thus, PRLRs are expressed in numerous organs
and cell types, including bone, adipose tissue, gut, reproduc-
tive tract, skin, immune system, pituitary, and brain (3, 4),
and hence when prolactin is elevated there is potential for a
wide variety of systems to be influenced.

Functions of prolactin that are considered adaptive in
the lactating and pregnant female might be maladaptive
should high prolactin occur in an untimely manner. There-
fore, understanding the role of prolactin becomes relevant in
explaining many symptoms and manifestations that occur
in prolactin overproduction, such as during pharmacological
psychiatric treatments or in patients with prolactinomas. In
this respect, several scientific reports suggest that PRLR
expression and/or signaling is increased in many disease
states, and that systemic or local prolactin levels correlate
with organ pathogenesis.

Such is the case of the effect of prolactin on food intake
and adipose tissue accretion. During pregnancy the
normal homeostatic mechanisms regulating appetite are
modified to generate a state of positive energy balance
and increased food intake to supply the growing fetus
with its energy requirements and to increase fat storage
to be used during lactation; additionally, prolactin plays a
key role in increasing food intake and adiposity during
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pregnancy (5, 6). On the dark side, patients with
pharmacological or tumoral hyperprolactinemia are
prone to excessive weight gain, and normalization of
prolactin levels with dopamine agonists correlates in
some cases with weight loss (7). Furthermore, transgenic
mice with chronic hyperprolactinemia have a marked
increase in food intake and adipose tissue deposition (8),
and metabolic organs with PRLRs, such as liver and
adipose tissue, modify glycogenic and lipogenic path-
ways accordingly (9).

On the bright side, the proliferating action of pro-
lactin on numerous cell types is functional to the needs of
pregnancy and lactation. For example, prolactin induces
proliferation of mammary epithelial cells to ensure
lactation, acts on pancreatic 8 cells to prevent gesta-
tional diabetes, on adipocytes to store energy, and on
endometrial or hepatic cells as needed. However, this
proliferating effect induced by prolactin may also be
detrimental in untimely hyperprolactinemia.

Many studies have addressed the role of prolactin in
promoting cancer using cellular and molecular studies,
transgenic rodent models, and epidemiological studies
(10, 11). Even so, the role of prolactin and PRLRs in the
initiation and/or progression of tumors remains an ac-
tive area of debate.

In breast cancer, associations between plasma pro-
lactin levels and increased risk of postmenopausal es-
trogen and progesterone receptor—positive iz situ invasive
breast carcinomas (12), as well as increased tumor size,
higher disease stage, node involvement, poorer progno-
sis, and higher recurrence and mortality risk (13), have
been described. Importantly, human prolactin (hPRL)
has been implicated in chemotherapeutic resistance in
breast cancer (14, 15). Nevertheless, the role of prolactin
in breast cancer has been questioned (10, 16). Other
studies reveal that prolactin induces mammary cell dif-
ferentiation and prevents epithelial mesenchymal tran-
sition. Therefore, it has been proposed that prolactin may
participate in breast tumor initiation, whereas in estab-
lished breast cancer, it may contribute to reduce ag-
gressiveness and dissemination (17).

In ovarian cancer, prolactin is one of a combination of
four analytes that discriminate between disease-free and
epithelial ovarian cancer patients (18). Furthermore,
prolactin could act as an important survival factor for
cervical cancer (19).

In human and experimental prostate cancer, local
expression of prolactin and/or STATS activation is in-
creased (10, 20), although some observations do not
argue for a role of endocrine prolactin in prostate tumor-
igenesis. Additionally, there is genetic evidence for ampli-
fication of PRLRs and STATS loci in some prostate
cancer specimens, and epidemiologically, the presence of
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prolactin and phosphorylated STATS in human prostate
tumors correlates with high tumor grade and aggressive
disease course (21).

Lastly, in humans, PRLR expression was observed
throughout the cancerous progression of the colonic and
gastric mucosa, from adenomas to colonic liver metasta-
sis and gastrointestinal cancer cell lines at various stages
of growth and differentiation (11). In hepatocellular
carcinoma, hPRL expression was upregulated and pos-
itively correlated with tumor size and grade, as well as
poorer survival (7).

In this context, the work by Ding ef al. (22) in the
present issue shows convincing arguments for a role of
autocrine prolactin in the progression of endometrial
cancer and provides insight into some underlying
mechanisms. Endometrial cancer is the most common
gynecologic malignancy in the United States, with in-
creasing yearly rates. Even though most women present
with early stage disease, advanced or recurrent disease
carries a grave prognosis. Furthermore, chemotherapeutic
regimens are not curative, and late-stage endometrial cancer
patients tend to develop therapeutic resistance or experi-
ence recurrence of the disease. Therefore, novel therapies
and molecular targets are warranted for the treatment
of this disease.

Ding et al. (22) show that forced expression of hPRL in
endometrial carcinoma cells promotes cell proliferation,
anchorage-independent cell growth, migration, and in-
vasion in vitro and in vivo. Moreover, silencing hPRL
reverts most effects. The authors further demonstrate that
hPRL overexpression reduces sensitivity of endometrial
carcinoma cells toward doxorubicin and paclitaxel
through a proposed mechanism mediated by CD24.

The results by Ding ez al. (22) uncover a new dark side
of prolactin action. Even though some data had pointed
to a participation of prolactin in endometrial cancer, this
work tackles the problem from different methodological
avenues to reach sound conclusions. Of note is that
human PRLRs are insensitive to most non-hPRLs, in-
cluding mouse prolactins, and many heterologous in vivo
models fail to provide the tumor with the physiolog-
ical level of endocrine prolactin production. Besides,
extrapituitary prolactin production is rarely detected in
immortalized human cell lines. The authors circumvent
these aspects by forcing hPRL gene expression in endo-
metrial cell lines.

Several data, but not all, had previously suggested a
participation of prolactin in endometrial cancer. Expres-
sion of both prolactin and its receptor were increased
in endometrial cancer samples, arguing for the involve-
ment of an autocrine loop in addition to endocrine
overstimulation (23). Nevertheless, using a cutting-edge
matrix assembly to monitor the Stat5 activation induced
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by prolactin in 40 tissues, the endometrium was not
activated (24). Alternatively, prolactin was the strongest
discriminative biomarker for endometrial cancer, pro-
viding 98.3% sensitivity and 98% specificity when a
panel of 64 serum biomarkers was analyzed in sera of
patients with endometrial cancer (stages I to III) age-
matched healthy women, utilizing a multiplex bead-
based immunoassay (25).

Therefore, increased levels of serum prolactin may
play a role in growth and progression of endometrial
as well as other cancers. The work by Ding ef al. (22)
emphasizes the participation of extrapituitary auto-
crine prolactin in stimulating endometrial cell pro-
liferation. The prolactin gene in humans and other
primates contains an alternative promoter 5.8 kbp
upstream of the pituitary transcription start site. This
promoter drives the expression of prolactin in a va-
riety of tissues such as breast, prostate, hair follicles,
hematopoietic lineages, adipose tissue, and ovary,
among others (6,10, 11, 20, 26). The role of autocrine
prolactin has been highlighted in the development of
breast, prostate, ovarian, and tongue cancer and in
acute myeloid leukemia (10, 11, 20).

Data on the role of prolactin in different cancers have
encouraged various laboratories to develop compounds
targeting the PRLR, and both PRLR antagonists and
PRLR neutralizing antibodies have been developed
(11). Positive experimental results show autophagy-
mediated programmed cell death by blockade of
PRLR signaling in epithelial ovarian cancer using
G129R-hPRL (27), as well as inhibition of prostate
tumors that had been induced by overexpression of
prolactin by coexpression of A1-9-G129R-hPRL (a
competitive PRLR antagonist) (28). Clinical trials in
patients with breast and prostate cancer are underway.
Nonetheless, a first report has provided negative results
in terms of antitumor activity from a phase I trial of
LFA102 (a humanized monoclonal antibody that binds
to and inhibits PRLRs) in breast and prostate cancer
(29). New trials are warranted.

When targeting PRLRSs, one particular tissue should be
considered, the pituitary. Antagonizing prolactin may
interfere with the antiproliferative and proapoptotic ef-
fect of prolactin on lactotropes, as well as with the
negative prolactin feedback loop at the hypothalamic
level, which may lead to further elevation of circulating
prolactin levels. Such was the case in phase I trial of
LFA102 in which serum prolactin levels were increased.

In view of the results by Ding ef al. (22) and in context
with the existing literature of prolactin and cancer, pa-
tients with endometrial cancer in advanced stages or with
chemoresistance could benefit from anti-PRLR strategies
used in combination with actual therapies.

Prolactin: The Bright and the Dark Side

Endocrinology, June 2017, 158(6):1556-1559

Acknowledgments

Address all correspondence and requests for reprints to:
Damasia Becu-Villalobos, PhD, Instituto de Biologia y
Medicina Experimental, Consejo Nacional de Investigaciones
Cientificas y Técnicas, Vuelta de Obligado 2490, 1428 Buenos
Aires, Argentina. E-mail: dbecu@dna.uba.ar.

Disclosure Summary: The authors have nothing to disclose.

References

1. Kawauchi H, Sower SA. The dawn and evolution of hormones in
the adenohypophysis. Gen Comp Endocrinol. 2006;148(1):
3-14.

2. Grattan DR. 60 Years of neuroendocrinology: the hypothalamo-
prolactin axis. | Endocrinol. 2015;226(2):T101-T122.

3. Bole-Feysot C, Goffin V, Edery M, Binart N, Kelly PA. Prolactin
(PRL) and its receptor: actions, signal transduction pathways and
phenotypes observed in PRL receptor knockout mice. Endocr Rev.
1998;19(3):225-268.

4. Goffin V, Binart N, Touraine P, Kelly PA. Prolactin: the new bi-
ology of an old hormone. Annu Rev Physiol. 2002;64:47-67.

5. Woodside B. Prolactin and the hyperphagia of lactation. Physiol
Behav. 2007;91(4):375-382.

6. Ben-Jonathan N, Hugo ER, Brandebourg TD, LaPensee CR. Focus
on prolactin as a metabolic hormone. Trends Endocrinol Metab.
2006;17(3):110-116.

7. Lopez VF, Luque GM, Brie B, Nogueira JP, Garcia TI, Becu-
Villalobos D. Dopaminergic drugs in type 2 diabetes and glucose
homeostasis. Pharmacol Res. 2016;109:74-80.

8. Perez Millan MI, Luque GM, Ramirez MC, Noain D, Ornstein AM,
Rubinstein M, Becu-Villalobos D. Selective disruption of dopamine
D2 receptors in pituitary lactotropes increases body weight and ad-
iposity in female mice. Endocrinology. 2014;155(3):829-839.

9. Luque GM, Lopez-Vicchi F, Ornstein AM, Brie B, De Winne C, Fiore
E, Perez-Millan MI, Mazzolini G, Rubinstein M, Becu-Villalobos D.
Chronic hyperprolactinemia evoked by disruption of lactotrope
dopamine D2 receptors impacts on liver and adipocyte genes related
to glucose and insulin balance. Am | Physiol Endocrinol Metab.
20165311(6):E974-E988.

10. Bernard V, Young ], Chanson P, Binart N. New insights in pro-
lactin: pathological implications. Nat Rev Endocrinol. 2015;11(5):
265-275.

11. Goffin V, Touraine P. The prolactin receptor as a therapeutic target
in human diseases: browsing new potential indications. Expert
Opin Ther Targets. 2015;19(9):1229-1244.

12. Wang M, Wu X, Chai F, Zhang Y, Jiang J. Plasma prolactin and
breast cancer risk: a meta-analysis. Sci Rep. 2016;6:25998.

13. Bhatavdekar JM, Patel DD, Shah NG, Vora HH, Suthar TP, Ghosh
N, Chikhlikar PR, Trivedi TI. Prolactin as a local growth promoter
in patients with breast cancer: GCRI experience. Eur | Surg Oncol.
2000;26(6):540-547.

14. Clevenger CV, Furth PA, Hankinson SE, Schuler LA. The role of
prolactin in mammary carcinoma. Endocr Rev. 2003;24(1):1-27.

15. Idelman G, Jacobson EM, Tuttle TR, Ben-Jonathan N. Lactogens
and estrogens in breast cancer chemoresistance. Expert Rev
Endocrinol Metab. 2011;6(3):411-422.

16. Lee SA, Haiman CA, Burtt NP, Pooler LC, Cheng I, Kolonel LN,
Pike MC, Altshuler D, Hirschhorn JN, Henderson BE, Stram DO. A
comprehensive analysis of common genetic variation in prolactin
(PRL) and PRL receptor (PRLR) genes in relation to plasma pro-
lactin levels and breast cancer risk: the multiethnic cohort. BMC
Med Genet. 2007;8:72.

17. Wagner KU, Rui H. Jak2/Stat5 signaling in mammogenesis, breast
cancer initiation and progression. | Mammary Gland Biol Neo-
plasia. 2008;13(1):93-103.


mailto:dbecu@dna.uba.ar

doi

18.

19.

20.

21.

22.

23.

24,

:10.1210/en.2017-00184

Mor G, Visintin I, Lai Y, Zhao H, Schwartz P, Rutherford T, Yue L,
Bray-Ward P, Ward DC. Serum protein markers for early detection of
ovarian cancer. Proc Natl Acad Sci USA. 2005;102(21):7677-7682.
Lopez-Pulido EI, Mufioz-Valle JF, Del Toro-Arreola S, Jave-Suarez
LF, Bueno-Topete MR, Estrada-Chavez C, Pereira-Suarez AL. High
expression of prolactin receptor is associated with cell survival in
cervical cancer cells. Cancer Cell Int. 2013;13(1):103.
Sackmann-Sala L, Goffin V. Prolactin-induced prostate tumori-
genesis. Adv Exp Med Biol. 2015;846:221-242.

LiH, Ahonen TJ, Alanen K, Xie J, LeBaron MJ, Pretlow TG, Ealley
EL, Zhang Y, Nurmi M, Singh B, Martikainen PM, Nevalainen
MT. Activation of signal transducer and activator of transcription
5 in human prostate cancer is associated with high histological
grade. Cancer Res. 2004;64(14):4774-4782.

Ding K, Yuan Y, Chong Q-Y, Yang Y, Li R, Li X, Kong X, Qian P,
Xiong Z, Pandey V, Ma L, Wu Z, Lobie PE, Zhu T. Autocrine prolactin
stimulates endometrial carcinoma growth and metastasis and reduces
sensitivity to chemotherapy. Endocrinology. 2017;158(6):1595-1611.
Levina VV, Nolen B, Su Y, Godwin AK, Fishman D, Liu J, Mor G,
Maxwell LG, Herberman RB, Szczepanski MJ, Szajnik ME,
Gorelik E, Lokshin AE. Biological significance of prolactin in gy-
necologic cancers. Cancer Res. 2009;69(12):5226-5233.
LeBaron M]J, Ahonen TJ, Nevalainen MT, Rui H. In vivo response-
based identification of direct hormone target cell populations using
high-density tissue arrays. Endocrinology.2007;148(3):989-1008.

25.

26.

27.

28.

29.

https://academic.oup.com/endo 1559

Yurkovetsky Z, Ta’asan S, Skates S, Rand A, Lomakin A, Linkov F,
Marrangoni A, Velikokhatnaya L, Winans M, Gorelik E, Maxwell
GL, Lu K, Lokshin A. Development of multimarker panel for early
detection of endometrial cancer. High diagnostic power of pro-
lactin. Gynecol Oncol. 2007;107(1):58-65.

Horseman ND, Gregerson KA. Prolactin actions. ] Mol Endocrinol.
2013;52(1):R95-R106.

Wen 'Y, Zand B, Ozpolat B, Szczepanski MJ, Lu C, Yuca E, Carroll
AR, Alpay N, Bartholomeusz C, Tekedereli I, Kang Y, Rupaimoole
R, Pecot CV, Dalton HJ, Hernandez A, Lokshin A, Lutgendorf SK,
Liu J, Hittelman WN, Chen WY, Lopez-Berestein G, Szajnik M,
Ueno NT, Coleman RL, Sood AK. Antagonism of tumoral prolactin
receptor promotes autophagy-related cell death. Cell Reporis.
2014;7(2):488-500.

Rouet V, Bogorad RL, Kayser C, Kessal K, Genestie C, Bardier A,
Grattan DR, Kelder B, Kopchick JJ, Kelly PA, Goffin V. Local
prolactin is a target to prevent expansion of basal/stem cells in
prostate tumors. Proc Natl Acad Sci USA. 2010;107(34):
15199-15204.

Agarwal N, Machiels JP, Suarez C, Lewis N, Higgins M, Wisinski
K, Awada A, Maur M, Stein M, Hwang A, Mosher R, Wasserman
E, Wu G, Zhang H, Zieba R, Elmeliegy M. Phase I study of the
prolactin receptor antagonist LFA102 in metastatic breast and
castration-resistant prostate cancer. Oncologist. 2016;21(5):
535-536.


http://dx.doi.org/10.1210/en.2017-00184
https://academic.oup.com/endo

