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The overall process of fibrinolysis seems not to be affected by prolactin [16]. 

Against this background, we postulate that prolactin could have the ability to modulate atherosclerotic 

plaque formation, the events after rupture of the plaque, and the clotting process, by directly influencing 

local cellular processes. 

Prolactin may modulate conventional cardiovascular risk factors
When lactotrophic cells undergo neoplastic transformation, they will give rise to a prolactinoma, a 

prolactin-secreting pituitary adenoma. Of interest, clinical studies indicate that prolactinoma patients 

display metabolic disturbances, which are in accordance with the criteria of the metabolic syndrome. 

Indeed, having the metabolic syndrome may contribute to atherosclerotic plaque formation, since 

it is predictive of cardiovascular disease and mortality [17,18]. In fact, prolactinoma patients have 

high hsCRP levels and elevated insulin resistance indexes [19-22]. Additionally, flow-mediated dilation 

(FMD) is lower in these patients, indicating endothelial dysfunction [22]. Some studies report that 

prolactinoma patients display hypercholesterolemia, low HDL-cholesterol and hypertriglyceridemia 

[19,20,23]. Other studies, however, show no association between prolactin and lipid profile [21,22]. 

Despite these suggestive findings, no studies on cardiovascular mortality in relation to prolactin levels 

have been conducted. 

OUTLINE OF THE THESIS

Taken together, at the start of our quest, previous studies suggested that prolactin may have the 

potential to contribute to cardiovascular disease, either through direct modulation of local cellular 

processes within atherosclerotic plaques or thrombi, or through influencing conventional cardiovascular 

metabolic risk factors. 

Additionally, angiogenesis is one of the processes that may either support or interfere with vascular 

homeostasis, depending on the underlying process. Some observations indicated that intact prolactin 

could promote new vessel formation in vivo [24,25]. Whether these effects result from a direct effect 

of prolactin on endothelial cells is unclear. Therefore, we decided to explore this issue. 

This thesis consists of two parts, Part I includes clinical studies in which we aimed to evaluate 

associations between prolactin and coronary artery disease, venous thrombosis or atherothrombotic 

parameters and this part contains a hypothesis-generating review. Part II involves fundamental research; 

here we explore the effect of prolactin on mechanisms involved in atherosclerotic vascular disease 

or angiogenesis.

Part I: Prolactin and coronary artery disease, venous thrombosis or atherothrombotic 
parameters. 
In chapter 2 we investigate whether prolactin levels can predict the occurrence of coronary artery 

disease. Next, in chapter 3 we explore how prolactin is related to hsCRP in patients with myocardial 

Several hormonal disturbances are associated with atherosclerotic vascular disease and 
thrombosis. 
Coronary artery disease, which is the consequence of atherosclerosis, is still the leading cause of death 

worldwide, and with an estimated mortality rate of seven million per year, it represents 30% of all 

global deaths [1]. Additionally, venous thromboembolism is a commonly encountered and potentially 

lethal disease, which recurs frequently and causes serious long-term complications. The incidence rate 

of venous thrombo-embolism may exceed 1 per 1000 in the general population [2]. There is still an 

ongoing need to improve understanding of the pathogenesis of both atherosclerotic vascular disease 

and venous thromboembolism in order to develop additional therapies. Of interest, the association 

between several endocrine disorders and cardiovascular disease has been acknowledged for many 

decades. Both an extreme excess or deficiency as well as subclinical variation in thyroid, steroid and 

somatotropic hormones increase the occurrence of atherosclerotic vascular disease and consequently 

cardiovascular mortality and may also affect the occurrence of venous thrombosis [3,4]. The studies 

presented in this thesis focus on the potential of prolactin to influence vascular disease, a still largely 

unexplored area. 

What do we know about prolactin in relation to vascular disease?
Prolactin was discovered in the 1930s as a hormone that stimulates milk synthesis by the breasts and 

is produced in the anterior pituitary by lactotrophic cells. These cells produce prolactin in response 

to stimuli such as estrogen and thyrotropin-releasing hormone, whereas dopamine has an inhibitory 

effect on prolactin secretion [5]. Interestingly, the last two decades several in vitro and mouse studies, 

including mice deficient for prolactin or for its receptor, have indicated that prolactin, besides its well-

recognized function for lactation, may play a role in several other (patho)physiological processes, such 

as regulation of the immune response [6]. For the larger part, it is unclear how these findings apply to 

humans. Indeed prolactin can be of relevance both in men and women, since systemic prolactin levels 

do not differ much between men and non-pregnant or non-lactating women [7]. 

Prolactin may modulate cellular pathways in atherosclerotic and thrombotic vascular 
disease.
Atherosclerotic plaque formation starts with monocytes attaching to endothelial cells of the arterial 

vessel wall that express cell adhesion molecules upon activation by oxidized low density cholesterol 

(LDL) and inflammatory cytokines [8]. In vitro data indicate that prolactin has the ability to stimulate 

adhesion of monocytes to endothelium [9]. Prolactin has also been shown to stimulate smooth muscle 

cell proliferation [10], which suggests that prolactin might stimulate intima media thickening, an 

important process in atherosclerotic plaque formation. Disruption of atherosclerotic plaques leads to 

thrombus formation and arterial occlusion. Blood platelets are key components in thrombus formation 

[11], however, data on a possible relationship between prolactin and platelet function are inconclusive 

[12;13]. Nonetheless, prolactin enhances prothrombin synthesis in rat liver microsomes and maximizes 

the effect of estrogen on hemostatic parameters in ovariectomized and hypophysectomized rats [14,15]. 

10 11



Introduction and outline

Ch
ap

te
r 

1

REFERENCE LIST
1.  Lopez AD, Mathers CD, Ezzati M, et al. Global and regional burden of disease and risk factors, 2001: systematic analysis 

of population health data. Lancet 2006;367:1747-57.

2.  Heit JA. The epidemiology of venous thromboembolism in the community: implications for prevention and management. 
J Thromb Thrombolysis 2006;21:23-9.

3.   Squizzato A, Gerdes VE, Ageno W, et al. The coagulation system in endocrine disorders: a narrative review. Intern 
Emerg Med 2007;2:76-83.

4.   van Zaane B, Reuwer AQ, Buller HR, et al. Hormones and cardiovascular disease: a shift in paradigm with clinical 
consequences? Semin Thromb Hemost 2009;35:478-87.

5.  Freeman ME, Kanyicska B, Lerant A, et al. Prolactin: structure, function, and regulation of secretion. Physiol Rev 2000;80:1523-631.

6.  Dorshkind K, Horseman ND. The roles of prolactin, growth hormone, insulin-like growth factor-I, and thyroid hormones 
in lymphocyte development and function: insights from genetic models of hormone and hormone receptor deficiency. 
Endocr Rev 2000;21:292-312.

7.  Le Moli R, Endert E, Fliers E, et al. Establishment of reference values for endocrine tests. II: Hyperprolactinemia. Neth 
J Med 1999;55:71-5.

8. Glass CK, Witztum JL. Atherosclerosis. the road ahead. Cell 2001;104:503-16.

9.  Montes de Oca P, Macotela Y, Nava G, et al. Prolactin stimulates integrin-mediated adhesion of circulating mononuclear 
cells to endothelial cells. Lab Invest 2005;85:633-42.

10.  Sauro MD, Buckley AR, Russell DH, et al. Prolactin stimulation of protein kinase C activity in rat aortic smooth muscle. 
Life Sci 1989;44:1787-92.

11.  Vorchheimer DA, Becker R. Platelets in atherothrombosis. Mayo Clin Proc 2006;81:59-68.

12.   Atmaca A, Gurlek A, Dagdelen S, et al. Hyperprolactinemia of pregnancy is not associated with increased in vivo 
platelet activity and shortened in vitro bleeding times. Exp Clin Endocrinol Diabetes 2006;114:188-91.

13.  Wallaschofski H, Donne M, Eigenthaler M, et al. PRL as a novel potent cofactor for platelet aggregation. J Clin Endocrinol 
Metab 2001;86:5912-9.

14.  Gordon EM, Douglas JG, Ratnoff OD, et al. The influence of estrogen and prolactin on Hageman factor (factor XII) titer 
in ovariectomized and hypophysectomized rats. Blood 1985;66:602-5.

15.   Nishino Y. Hormonal control of prothrombin synthesis in rat liver microsomes, with special reference to the role of 
estradiol, testosterone and prolactin. Arch Toxicol Suppl 1979;397-402.

16.  Houlihan CM, Knuppel RA, Vintzileos AM, et al. The effect of specific hormones on fibrinolysis in pregnancy. Am J 
Obstet Gynecol 1996;175:168-72.

17.  Isomaa B, Almgren P, Tuomi T, et al. Cardiovascular morbidity and mortality associated with the metabolic syndrome. 
Diabetes Care 2001;24:683-9.

18.  Lakka HM, Laaksonen DE, Lakka TA, et al. The metabolic syndrome and total and cardiovascular disease mortality in 
middle-aged men. JAMA 2002;288:2709-16.

19.  Berinder K, Nystrom T, Hoybye C, et al. Insulin sensitivity and lipid profile in prolactinoma patients before and after 
normalization of prolactin by dopamine agonist therapy. Pituitary 2010 (Epub ahead of print).

20.  Pelkonen R, Nikkila EA, Grahne B. Serum lipids, postheparin plasma lipase activities and glucose tolerance in patients 
with prolactinoma. Clin Endocrinol 1982;16:383-90.

21.  Serri O, Li L, Mamputu JC, et al. The influences of hyperprolactinemia and obesity on cardiovascular risk markers: 
effects of cabergoline therapy. Clin Endocrinol 2006;64:366-70.

22.  Yavuz D, Deyneli O, Akpinar I, et al. Endothelial function, insulin sensitivity and inflammatory markers in 
hyperprolactinemic pre-menopausal women. Eur J Endocrinol 2003;149:187-93.

23.  Heshmati HM, Turpin G, de Gennes JL. Chronic hyperprolactinemia and plasma lipids in women. Klin Wochenschr 1987;65:516-9.

24.  Grosdemouge I, Bachelot A, Lucas A, et al. Effects of deletion of the prolactin receptor on ovarian gene expression. 
Reprod Biol Endocrinol 2003;1:12.

25.  Ko JY, Ahn YL, Cho BN. Angiogenesis and white blood cell proliferation induced in mice by injection of a prolactin-
expressing plasmid into muscle. Mol Cells 2003;15:262-70.

infarction. In chapter 4 we search for an association between the occurrence of venous thrombosis and 

prolactin levels. In chapter 5 we examine whether prolactinoma patients display increased markers of 

atherothrombosis, such as microvascular dysfunction. In chapter 6 we speculate how prolactin might 

contribute to peripartum cardiomyopathy and pre-eclampsia. 

Part II: The effect of prolactin on mechanisms involved in atherosclerotic vascular disease 
or angiogenesis.
In chapter 7 we investigate the effect of prolactin on platelet function in vitro. In chapter 8 we study 

whether the prolactin receptor is expressed locally within atherosclerotic plaques. Additionally, in 

chapter 9 we describe the effect of high prolactin levels on atherosclerotic plaque formation in mice. 

In chapter 10, the role of prolactin in angiogenesis is investigated. 
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ABSTRACT

Background Prolactin is increasingly recognized to play a stimulatory role in the 

inflammatory response. Since inflammation is considered of crucial importance in the 

development of atherosclerosis, we aimed to evaluate whether prolactin levels are 

associated with the occurrence of coronary artery disease (CAD).

Methods and Results We performed a nested case-control study in the prospective EPIC-

Norfolk cohort. Cases were apparently healthy men and women, aged 45-79 years, who 

developed fatal or non-fatal CAD (n=882). Controls remained free of CAD (n=1490). 

Overall, systemic prolactin levels did not differ between cases and controls, and people in 

the highest prolactin tertile did not have a significantly increased risk of developing future 

CAD (in men, OR: 1.21; 95% CI 0.92 to 1.61 and in women OR: 1.12; 95% CI 0.76 to 1.64). 

However, in a separate immunohistochemical study, the presence of prolactin receptors 

could be demonstrated in post mortem human coronary artery plaques (preliminary 

data).

Conclusions Elevated systemic prolactin levels do not predict CAD in the general 

population. However, prolactin receptors were found in human coronary artery plaques. 

This observation may indicate a role of prolactin within atherosclerotic plaques. More 

studies are needed to define the possible role of prolactin in atherosclerotic plaque 

development. 

INTRODUCTION

Prolactin has long been known as a pituitary hormone that is important for mammary gland 

development and differentiation of mammary tissue during pregnancy and crucial for lactation and 

maternal behaviour immediately after labour [1]. However, nowadays, it is clear that prolactin has 

several biological actions, which differ among species. In humans, the possible additional physiological 

roles of prolactin are under investigation for the greater part, however, recent evidence suggests a 

modulating role of prolactin in metabolism and the immune response [2]. In addition, prolactin plays 

an important role in pathophysiological conditions; tumor growth in both breast cancer, and possibly 

prostate cancer are promoted by prolactin [3].

Prolactin is synthesized and secreted by the lactotropic cells of the pituitary gland in a diurnal rhythm 

with the highest levels in the early morning. However, there are extrapituitary sites of prolactin release 

as well, such as lymphocytes, adipose tissue and the decidua [2]. Pituitary secretion of prolactin is 

under inhibitory control of dopaminergic circuits in the hypothalamus, but other brain regions also 

have neuronal connections with these specific regions and therefore other stimuli, such as stress and 

some drugs (e.g. selective serotonin reuptake inhibitors), can affect circulating prolactin levels [4]. At 

the extrapituitary sites, prolactin is independently regulated by local factors [2]. 

Studies involving a small number of subjects suggest that in the acute phase of acute coronary 

syndromes, ischemic strokes and transient ischemic attacks, plasma prolactin levels are elevated [5,6]. 

Although this rise of systemic prolactin may be a representative of the general neuroendocrine stress 

response, a role of prolactin as causal factor in these thrombotic diseases is possible. In addition, two 

studies involving a low number of patients suggest that hyperprolactinemia is associated with decreased 

insulin sensitivity, higher C-reactive protein, and impaired endothelial function [7,8]. 

Furthermore, prolactin may play a role in accelerated arteriosclerosis in early menopause by increasing 

central as well as peripheral blood pressure and arterial stiffness [9]. In addition, in vitro studies show 

that prolactin stimulates integrin-mediated adhesion of circulating mononuclear cells to endothelium 

and induce vascular smooth muscle cell proliferation [10,11].

All together, these results suggest that prolactin may contribute to a higher cardiovascular risk profile 

and, simultaneously, may have an effect on the various components within the atherosclerotic lesion. 

Not only a significant excess or deficiency of individual hormones can predispose to cardiovascular 

disease; slightly increased or decreased hormone levels (within their physiological range) may increase 

cardiovascular risk as well. In men, for example, endogenous testosterone levels are inversely related 

to cardiovascular mortality [12]. Patients with subclinical hypothyroidism, and younger than 65 years, 

have an odds ratio of 1.37 (95% CI 1.04 to 1.79) for cardiovascular mortality [13]. In addition, in patients 

with subclinical hypercortisolism, more atherosclerotic plaques were found in their carotid arteries, 

as measured by ultrasound sonography, compared to controls (53.6% vs 10%, respectively, p<0.0001) 

[14]. In the general population, IGF-1 levels in the lower normal range and IGFBP-3 levels in the higher 

normal range were associated with an increased risk of cardiovascular disease (RR 4.07; 95% CI 1.48 

to 11.22) [15].  These observations show that subtle hormone balances are increasingly recognized to 
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play a role at multiple levels in the pathogenesis of atherosclerotic vascular disease. 

Against this background, we aimed to evaluate whether systemic prolactin levels, within their 

physiological range, are associated with the risk of future coronary artery disease (CAD). Second, we 

hypothesized that prolactin receptors are present within the atherosclerotic plaque.

We tested the first hypothesis among an existing cohort of apparently healthy men and women living 

in Norfolk, United Kingdom. In addition, we tested whether prolactin receptors could be detected in 

human coronary atherosclerotic plaques in the small number of samples that was available for this study. 

METHODS

Study design
The European Prospective Investigation into Cancer in Norfolk (EPIC-Norfolk) is a prospective population 

study of 25,663 male and female inhabitants of Norfolk, the United Kingdom. The design and methods 

of the study have been described previously [16]. Briefly, during the baseline survey, patients answered 

a questionnaire in which they were asked about their medical history. Participants were identified 

as having CAD during follow-up if they had a hospital admission and/or died with CAD listed as an 

underlying cause. For the current analysis participants were followed-up for an average of 7 years. The 

study was approved by the Norwich District Health Authority Ethics Committee and all participants 

gave signed informed consent.

Study participants
For the present nested case-control study, we identified study participants who did not report a history 

of heart attack or stroke at the baseline clinic visit. We analyzed 1138 cases that developed CAD during 

follow-up. To each case, we matched controls by sex, age (within 5 years), and enrolment time (within 

3 months). A total of 1099 cases could be matched to two controls whereas the remaining 39 cases 

were matched to one control only. Thus, the nested case-control set contained 3375 participants, of 

whom 1138 were case and 2237 were control. Hyperprolactinemia, indicating autonomous excessive 

production of prolactin, can be caused by a prolactin secreting pituitary adenoma or by use of 

antipsychotic drugs [17]. The physiological range of prolactin levels is between 4.0-25.0 μg/l in women 

and 0.5-19.0 μg/l in men and therefore we decided to exclude people with prolactin levels above 30 

μg/l [18]. The underlying reason for the hyperprolactinemic state in these people was unknown, and, 

in addition, hyperprolactinemia is not always symptomatic. Subsequently, we excluded individuals 

for whom data on smoking habit, low-density lipoprotein (LDL) cholesterol, high-density lipoprotein 

(HDL) cholesterol, triglycerides, diastolic blood pressure and systolic blood pressure were missing. 

Biochemical analysis
Nonfasting blood samples were taken by venipuncture at the baseline clinic visit. Circulating levels of 

total cholesterol, HDL-cholesterol and triglycerides were measured on fresh samples with the RA 1000 

(Bayer Diagnostics, Basingstoke, UK), and LDL-cholesterol levels were calculated with the Friedewald 

formula [19]. The remaining material was stored at minus 80°C. Samples were later thawed and 

processed for analysis. Plasma levels of C-reactive protein (CRP) were measured with a sandwich-

type enzyme-linked immunosorbent assay as previously described [20]. Serum levels of prolactin 

were measured on samples that had been frozen for 7 years. Measurement was performed with The 

Architect Immunoanalyzer (Architect I, Abbott, Chicago, Illinois, USA) using a commercially available 

prolactin assay. Serum was diluted with buffer provided by Abbott (1:5 v/v). Samples were analyzed 

in random order and researchers and laboratory personnel had no access to identifiable information.

Statistical analysis
Because prolactin levels differ between sexes, all analyses were performed for men and women 

separately. Cases were matched with controls for sex, age and enrolment time in all analyses. Baseline 

characteristics were compared between cases and controls using a mixed-effects model for continuous 

variables. Circulating levels of prolactin, triglycerides and CRP had a skewed distribution, and therefore 

these variables were log-transformed before statistical analysis. Differences in dichotomous variables 

between groups were analyzed by conditional logistic regression. Associations between prolactin levels 

and other cardiovascular risk factors were assessed among controls by two methods. First, Pearson 

correlation and Spearman correlation coefficients were calculated, the latter was used if one of the 

variables had a skewed distribution. Second, prolactin levels were categorized into tertiles based on the 

distribution of the control group, and the p for trend between these tertiles and risk factor levels were 

calculated with use of linear regression analyses. In order to assess the relationship between prolactin 

levels and the risk of future CAD, conditional logistic regression was used to calculate odds ratios (ORs) 

and corresponding 95% confidence intervals (95% CI’s) for prolactin as a continuous variable and per 

tertile of prolactin level. The lowest prolactin tertile was used as reference category. We performed 

unadjusted analyses and analyses adjusted for body-mass index, diabetes, systolic blood pressure, 

LDL-cholesterol, HDL-cholesterol, smoking and CRP levels and use of antidepressants. In women, we 

also adjusted for use of hormone replacement therapy (HRT). Next, multivariate linear regression was 

performed using clinical parameters as independent variables and prolactin as dependent variable. We 

used SPSS software (version 15.0, Chicago, Illinois, USA). A probability value of <0.05 was considered 

to confer statistical significance. 

Immunohistochemistry of human coronary artery specimens 
In a separate study to evaluate whether prolactin receptors are expressed in human atherosclerotic 

plaques, coronary arteries were collected randomly from five men and three women in the RUN 

Medical Center, the Netherlands (post mortem material obtained during autopsy, within 24 hours after 

death). Fragments with a size of 4 cm2 from coronary artery tissue were fixated in 4% formalin and 

then dehydrated. Transverse sections of paraffin-embedded atherosclerotic coronary arteries and a 

non-atherosclerotic coronary artery (with a thickness of 4 μm each) were mounted on superfrost slides 

and used for further analysis. Prolactin receptor antibody, clone 1A2B1, was obtained from Zymed, 
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Invitrogen Corporation (Carlsbad, CA, USA). Recently it was found that this is the only monoclonal 

antibody useful for detection of the prolactin receptor by immunohistochemical analysis of human 

tissues [21]. Staining was performed on all prepared slides using a streptadivin biotin peroxidase 

method. Subsequently, visualization was obtained by use of diaminobenzidine as a chromogen. Staining 

was assessed semiquantitatively. 

RESULTS

Prolactin in study participants
A total of 56 participants with prolactin levels higher than 30 μg/l were excluded (range > 30 ≤ 1338 

μg/l). Prolactin levels were available for 882 cases (572 men and 310 women) and for 1490 matched 

controls (942 men and 548 women).  

Baseline characteristics are shown in Tables 1 (men) and 2 (women). Matching ensured that age and 

sex distribution was comparable between cases and controls. As expected, cases were more likely to 

smoke and to have diabetes. Levels of total cholesterol, LDL-cholesterol, triglycerides, systolic and 

diastolic blood pressure, body mass index (BMI) and CRP were higher in cases than controls, whereas 

HDL-levels were lower. Prolactin levels did not differ between cases and controls; for men 10.2 μg/l 

versus 9.9 μg/l, respectively (p=0.38); for women 9.4 μg/l versus 9.6 μg/l, respectively (p=0.96). 

Correlations between prolactin and cardiovascular risk factors are shown in Tables 3 (men) and 4 

(women). No strong correlations were found between plasma prolactin levels and plasma lipid traits. 

Among both men and women, with higher prolactin levels, the percentage smokers declined (p for 

trend=0.01 for men, and p for trend=0.001 for women). In women, the use of hormone replacement 

therapy and the use of antidepressants was higher in the highest prolactin tertile compared to the 

lowest tertile (p for trend=0.007 and p for trend=0.03 respectively); unexpectedly, the association with 

antidepressant was not observed among men.  

The unadjusted ORs for future CAD on prolactin levels were 1.11 (95% CI 0.84 to 1.46, p=0.46) for 

men, and 1.00 (95% CI 0.69 to 1.45, p=1.00) for women. Tables 5 (men) and 6 (women) show the 

unadjusted and adjusted ORs for future CAD by prolactin tertiles. Table 5 demonstrates that prolactin 

levels were not associated with the risk of future CAD in men (OR: 1.16; 95% CI 0.89 to 1.49, p=0.27). 

For women, the equivalent OR was 1.06 (95% CI 0.75 to 1.49, p=0.76) (Table 6). These results were not 

substantially affected by adjustment for body-mass index, diabetes, smoking, systolic blood pressure, 

LDL-cholesterol, HDL-cholesterol, CRP, use of antidepressants and hormone replacement therapy (the 

latter for women only). 

Table 1. Baseline characteristics of men. 

Controls
(n= 942)

Cases
(n= 572)

P

Age, years 64.5±8 64.6±8 Matched

Total cholesterol, mmol/l 6.04±1.05 6.25±1.11 <0.001

LDL-cholesterol, mmol/l 3.96±0.96 4.15±0.98 <0.001

HDL-cholesterol, mmol/ 1.25±0.35 1.17±0.32 <0.001

Triglycerides, mmol/l 1.7 (1.2 to 2.3) 1.9 (1.3 to 2.7) <0.001

C-reactive protein, mg/l 1.4 (0.7 to 3.1) 2.2 (1.0 to 4.5) <0.001

Prolactin, μg/l 9.9 (7.6 to 12.9) 10.2 (7.7 to 13.2) 0.38

Current smoking 80 (8.5%) 90 (15.7%) <0.001

Systolic blood pressure, mmHg 139±17.7 145±18.5 <0.001

Diastolic blood pressure, mmHg 84±11.1 87±11.8 <0.001

Body-mass index, kg/m2 26.3±3.15 27.3±3.53 <0.001

Diabetes 21 (2.2%) 43 (7.5%) <0.001

Use of antidepressants 27 (2.9%) 30 (5.2%) 0.02

Values are presented as mean ± SD, median (interquartile range) or number (%). 
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Table 3. Distribution of cardiovascular risk factors in men according to prolactin tertiles.

Tertile 1 2 3 P* R P †

Prolactin range,  μg/l 0 to 8.35 8.35 to 11.67 11.67 to 30

Case/control 174/315 196/314 202/313 0.24

Total cholesterol, mmol/l 6.17±1.09 6.14±1.04 6.05±1.11 0.06 -0.05 0.07

LDL-cholesterol, mmol/l 4.09±0.98 4.06±0.93 3.96±1.00 0.03 -0.06 0.03

HDL-cholesterol, mmol/l 1.24±0.35 1.22±0.33 1.20±0.34 0.09 -0.06 0.04

Triglycerides, mmol/l 1.70 (1.2 to 2.4) 1.70 (1.2 to 2.4) 1.80 (1.3 to 2.5) 0.01 0.06 0.02

C-reactive protein, mg/l 1.90 (0.8 to 4.1) 1.60 (0.8 to 3.4) 1.60 (0.7 to 3.4) 0.09 -0.04 0.15

Current smoking 70 (14.3%) 52 (10.2%) 48 (9.3%) 0.01

Systolic blood pressure, mmHg 141±18.9 142±17.6 141±18.1 0.94 0.003 0.94

Diastolic blood pressure, mmHg 85.1±11.6 85.4±11.0 85.6±11.7 0.47 0.03 0.25

Body-mass index, kg/m2 26.5±3.26 26.7±3.60 26.7±3.13 0.63 0.03 0.33

Diabetes 24 (4.9%) 18 (3.5%) 22 (4.3%) 0.63

Use of antidepressants 21 (4.3%) 17 (3.3%) 19 (3.7%) 0.62

Values are presented as mean ± SD, median (interquartile range) or number (%). 
Prolactin tertiles were based on the distribution among the controls. 
P*, Unweighted p for trend between prolactin tertiles and risk factor levels.
R, Pearson correlation coefficient between log-transformed prolactin and parametric risk factor levels, or Spearman 
correlation coefficient between prolactin and non-parametric risk factor levels.
P†, Corresponding p for Pearson or Spearman correlation.

Table 2. Baseline characteristics of women. 

Controls
(n= 548)

Cases
(n= 310)

P

Age, years 66.3±7 66.3±7
Matched

Total cholesterol, mmol/l 6.6±1.13 6.8 ±1.21
0.02

LDL-cholesterol, mmol/l
4.28±1.06 4.47±1.04 0.02

HDL-cholesterol, mmol/
1.58±0.40 1.45±0.40 <0.001

Triglycerides, mmol/l
1.4 (1.1 to 2.1) 1.8 (1.3 to 2.4) <0.001

C-reactive protein, mg/l
1.5 (0.7 to 3.4) 2.6 (1.1 to 5.7) <0.001

Prolactin, μg/l
9.4 (7.3 to 12.4) 9.2 (7.3 to 12.4) 0.96

Current smoking
45 (8.2%) 48 (15.9%) <0.001

Systolic blood pressure, mmHg
138±18.3 142±18.9 <0.001

Diastolic blood pressure, mmHg
82±10.8 84±11.4 0.003

Body-mass index, kg/m2
26.1±40 27.3±4.5 <0.001

Diabetes
6 (1.1%) 15 (4.8%) 0.002

Use of antidepressants
27 (4.9%) 32 (10.3%) 0.003

Use of hormone replacement
therapy

73 (13.3%) 37 (11.9%) 0.55

Values are presented as mean ± SD, median (interquartile range) or number (%).  
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Table 5. Odds ratios (95% CI) for future CAD per prolactin tertile for apparently healthy men.  

Prolactin tertiles

1 2 3 P*

Prolactin range, μg/l 0 to 8.35 8.35 to 11.67 11.67 to 30 

Cases/controls 174/315 196/314 202/313 0.24

Model 1 1.00 1.09 (0.84 to 1.40) 1.16 (0.89 to 1.49) 0.27

Model 2 1.00 1.09 (0.82-1.44) 1.21 (0.92 to 1.61) 0.18

Prolactin tertiles were based on the distribution among the controls. Subjects in the lowest prolactin tertile were used as 
the reference group. Because of their skewed distribution, C-reactive protein levels were log-transformed before analysis.
P*, p for trend.
Model 1: Unadjusted model. 
Model 2: Model adjusted for body-mass index, diabetes, systolic blood pressure, LDL-cholesterol, HDL-cholesterol, 
C-reactive protein, use of antidepressants and smoking.

Table 6. Odds ratios (95% CI) for future CAD per prolactin tertile for apparently healthy women.   

Prolactin tertiles

1 2 3 P*

Prolactin range, μg/l 0 to 7.87 7.87 to 11.15 11.15 to 30

Cases/controls 107/183 92/183 111/182 0.80

Model 1 1.00 0.88 (0.63 to 1.24) 1.06 (0.75 to 1.49) 0.76

Model 2 1.00 0.88 (0.60 to 1.29) 1.09 (0.74 to 1.59) 0.70

Model 3 1.00 0.89 (0.61-1.31) 1.12 (0.76 to 1.64) 0.60

Prolactin tertiles were based on the distribution among the controls. Subjects in the lowest tertile for prolactin were used as 
the reference group. Because of their skewed distribution, C-reactive protein levels were log-transformed before analysis.
P*, p for trend.
Model 1: Unadjusted model. 
Model 2: Model adjusted for body-mass index, diabetes, systolic blood pressure, LDL-cholesterol, HDL-cholesterol, 
C-reactive protein, use of antidepressants and smoking.
Model 3: Model 2 + adjustment for use of hormone replacement therapy.

Table 4. Distribution of cardiovascular risk factors in women according to prolactin tertiles.

Tertile 1 2 3 P* R P†

Prolactin range, μg/l 0 to 7.87 7.87 to 11.15 11.15 to 30

Case/control 107/183 92/183 111/182 0.80

Total cholesterol, mmol/l 6.69±1.15 6.77±1.16 6.55±1.18 0.16 -0.06 0.10

LDL-cholesterol, mmol/l 4.38±1.09 4.42±1.08 4.24±1.07 0.12 -0.06 0.07

HDL-cholesterol, mmol/l 1.49±0.40 1.57±0.42 1.54±0.40 0.12 0.05 0.15

Triglycerides, mmol/l 1.6 (1.2 to 2.3) 1.6 (1.1 to 2.2) 1.6 (1.1 to 2.1) 0.13 -0.03 0.36

C-reactive protein, mg/l 1.8 (0.8 to 4.3) 1.6 (0.7 to 4.3) 1.9 (0.8 to 4.2) 0.54 0.01 0.76

Current smoking 45 (15.5%) 28 (10.2%) 20 (6.8%) 0.001

Systolic blood pressure, mmHg 140±17.9 139±19.0 140±19.1 0.71 -0.04 0.30

Diastolic blood pressure, mmHg 83.1±10.8 82.5±11.1 82.8±11.3 0.76 -0.02 0.55

Body-mass index, kg/m2 26.8±4.34 26.5±4.06 26.3±4.23 0.14 -0.05 0.18

Diabetes 8 (2.8%) 7 (2.5%) 6 (2.0%) 0.58

Use of HRT 27 (9.3%) 34 (12.4%) 49 (16.7%) 0.007

Use of antidepressants 17 (5.9%) 11 (4.0%) 31 (10.6%) 0.02

Values are presented as mean ± SD, median (interquartile range) or number (%). Prolactin tertiles were based on the 
distribution among the controls. 
P*, Unweighted p for trend between prolactin tertiles and risk factor levels; 
R, Pearson correlation between log-transformed prolactin and parametric risk factor levels, or Spearman correlation 
between prolactin and non-parametric risk factor levels.
P†, Corresponding p for Pearson or Spearman correlation.
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Histology and Immunohistochemistry
Figure A and B show histology of the coronary artery specimens with advanced atherosclerosis and 

a markedly thickened intima. In zones with intraplaque haemorrhage and fissures, an increased 

density of prolactin receptors was visualized (Figure A and B). Sections shown are representative of 

7 atherosclerotic patients analyzed. In a coronary artery not displaying an advanced atherosclerotic 

lesion, hardly any staining for the prolactin receptor was detected (Supplementary Figure). 

Figure. Prolactin receptor staining of the human coronary artery atherosclerotic plaque (before counterstaining with 
hematoxylin) with a 40x magnification (A) and a 100x magnification (B). Prolactin receptor staining is indicated with a 
white arrow. A=Adventitia, I=Intima, M=Media, L=Lumen, H=Hemorrhagic plaque, CD=Cholesterol deposits.

DISCUSSION

Prolactin in circulation is not predictive of CAD
By using a prospective case-control design, we observed that systemic prolactin levels did not differ 

between apparently healthy men and women who developed CAD during follow-up and those who 

remained free of cardiovascular disease; people with higher prolactin levels do not have a significantly 

increased risk of developing CAD. Thus, our data suggest that systemic prolactin is not a good biomarker 

to predict the risk of future CAD among apparently healthy men and women. 

Role of prolactin in atherosclerotic plaque formation
Immunohistochemical analysis of coronary sections showed that the prolactin receptor was highly 

expressed in advanced atherosclerotic arterial walls, whereas no expression was found in the absence of 

an advanced atherosclerotic lesion. Due to the descriptive character of these observations, performed 

on a small subset of samples, we must remain careful not to over-interpret these findings. However, the 

high level of prolactin receptors within atherosclerotic plaques suggests that prolactin might be able to 

modulate the atherosclerotic process. The role of prolactin receptor-triggered signalling in promoting 

atherosclerosis would be in line with previous in vitro studies which showed that prolactin is able to 

modulate the inflammatory response, to stimulate adhesion of mononuclear cells to endothelium and 

to enhance vascular smooth muscle cell proliferation [11,22-24]. 

How could prolactin play a role in atherosclerotic disease without a predictive effect of elevated 

circulating prolactin levels on future CAD? First, we hypothesize that by either switching on, or by 

increasing the expression of prolactin receptors during the atherosclerosis process, the responsiveness 

of the coronary artery to prolactin is increased, without any need for change in circulating levels of 

prolactin. In this explanation we postulate that the inflammatory environment within the advanced 

atherosclerotic plaques could stimulate expression of prolactin receptors. 

Alternatively, we hypothesize that prolactin could also modulate the atherosclerotic process through its 

auto/paracrine action; a similar concept has recently been proposed to explain the effects of prolactin 

on prostate cancer growth. The largest epidemiological study addressing this issue failed to find any 

positive relationship between circulating prolactin levels and the risk of prostate cancer [25]. Otherwise, 

prolactin was locally expressed in the epithelium of 54% of 80 human prostate cancer specimens, 

with a positive correlation with high Gleason scores and Stat5 activation [26]. The Gleason score is an 

established method to describe the grade of prostate cancer, and activation of Stat5 is a key step in 

the intracellular pathway of prolactin receptor signalling, suggesting auto/paracrine action of prolactin 

on locally expressed prolactin receptors in prostate cancer. The functionality of this auto/paracrine 

loop was further assessed in vitro by showing that the growth of prostate cells in culture was altered 

by adding a prolactin receptor antagonist [27]. To investigate the possible concept of auto/paracrine 

action of prolactin for atherosclerosis, we currently analyze whether prolactin is locally secreted by 

components within atherosclerotic lesions. This is an ongoing project in our research group. 

Despite evidence from other studies indicating that prolactin is involved in inflammatory pathways, we 

A

B
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did not find any association between systemic prolactin and plasma CRP. This finding actually supports 

our hypothesis that auto/paracrine prolactin may be involved in atherosclerotic processes, without 

translation towards a systemic inflammatory response, of which CRP is an important representative. 

Inter-individual variation in circulating prolactin levels
As outlined in the Method section of this paper, the physiological range of prolactin levels is between 

4.0 to 25.0 μg/l in women and 0.5 to 19.0 μg/l in men, and therefore we excluded people with 

prolactin levels above 30 μg/l [18]. Although prolactin levels are known to be enhanced by use of 

antidepressants, we cannot explain the variation in prolactin levels by antidepressant use in our study, 

since this association was not found in men (Table 3). The significant difference in use of antidepressants 

between cases and controls at baseline may be due to the underlying depressive disorder in cases, as 

depression has a consistent association with cardiovascular disease [28].  

We found that adjustment for hormone replacement therapy (HRT) did not significantly affect the 

association between increasing prolactin tertiles and risk of future CAD among women (Table 6, model 

3). On the other hand, we found that HRT use increases with increasing prolactin tertiles (Table 4), 

and multivariate regression analysis indicates that HRT is a significant but weak inverse predictor of 

prolactin levels in controls (Supplementary table 2). Furthermore, multivariate regression analysis 

also suggested that LDL-cholesterol is a predictor of prolactin levels in female and male controls 

(Supplementary tables 1 and 2). 

Limitations of study
The present study has several limitations that merit discussion. Lipid parameters were measured in 

non-fasting samples. Together with diurnal variation, variation over time, and differences in the time 

since the last meal, this could have affected our results. Second, only a single, non-fasting, blood sample 

was used to characterize individuals with respect to prolactin concentration. This may have resulted in 

random measurement error because of intra-individual variation in prolactin with diurnal and episodic 

variation. Nevertheless, a single measure was reported earlier to be adequate for population studies 

[12]. Furthermore, CAD events were identified by means of death certification and hospital admission 

reports, and this may have resulted in misclassification. Previous validation in this cohort, however, 

indicated high specificity of such case ascertainment [29]. 

CONCLUSION 

In conclusion, our results suggest that prolactin levels in circulation do not predict CAD in an apparently 

healthy middle-aged population. However, in a preliminary study, prolactin receptors were detected 

in human coronary atherosclerotic plaques. The presence of prolactin receptors within human 

atherosclerotic plaques suggests a role of prolactin, for instance via auto/paracrine action. However, 

further studies are needed to address this issue. 
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Supplementary table 2. Association between prolactin and baseline characteristics 
among female controls.

Variable Univariate Analysis
Multivariate Analysis

Backward
Multivariate Analysis

Forward

β P-value β P-value β P-value

Total cholesterol, mmol/L -0.085 0.027 3.835 0.042 - -

LDL-cholesterol, mmol/L -0.096 0.012 -3.683 0.038 -0.088 0.021

HDL-cholesterol, mmol/L 0.059 0.124 -1.401 0.048 - -

Triglycerides, mmol/L -0.057 0.139 -1.239 0.038 - -

C-reactive protein, mg/L 0.024 0.525 - - - -

Current smoking -0.037 0.335 - - - -

Systolic blood pressure, mmHg -0.055 0.148 - - - -

Diastolic blood pressure, mmHg -0.042 0.276 - - - -

Body-mass index, kg/m2 -0.029 0.441 - - - -

Diabetes 0.058 0.128 - - - -

Use of HRT -0.137 <0.001 -0.132 0.001 -0.129 0.001

Use of antidepressants 0.074 0.054 - - - -

β =betacoefficient
Univariate and multivariate linear regression analyses (backward and forward modulation) with prolactin as dependent 
variable and several independent clinical variables introduced.  

Supplementary table 1. Association between prolactin and baseline characteristics 
among male controls. 

Variable Univariate Analysis
Multivariate Analysis

Backward
Multivariate Analysis

Forward

β P-value β P-value β P-value

Total cholesterol, mmol/L -0.073 0.025 - - - -

LDL-cholesterol, mmol/L -0.082 0.012 -0.079 0.016 -0.080 0.014

HDL-cholesterol, mmol/L -0.033 0.318 - - - -

Triglycerides, mmol/L 0.034 0.302 - - - -

C-reactive protein, mg/L 0.002 0.953 - - - -

Current smoking -0.068 0.037 - - - -

Systolic blood pressure, mmHg -0.054 0.100 -0.152 0.009 - -

Diastolic blood pressure, mmHg -0.008 0.812 0.125 0.009 - -

Body-mass index, kg/m2 0.013 0.688 - - - -

Diabetes 0.039 0.228 - - - -

Use of antidepressants -0.008 0.801 - - - -

β =betacoefficient
Univariate and multivariate linear regression analyses (backward and forward modulation) with prolactin as dependent 
variable and several independent clinical variables introduced.  
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ABSTRACT

Prolactin may contribute to an atherogenic phenotype. Furthermore, previous studies 

have shown that prolactin levels increase in situations of acute stress and inflammation. 

We therefore aimed to investigate the relationship between prolactin, acute stress and 

inflammation in patients with myocardial infarction. 

We performed a case-control study in 40 patients with myocardial infarction and 39 

controls, aged 41-84 years. Blood for assessment of prolactin and high sensitive C-reactive 

protein (hsCRP) was drawn at inclusion, that is, during the acute phase of the event, and 

2-3 weeks later. Unexpectedly, prolactin levels at inclusion did not differ between cases 

and controls (7.0 µg/l and 6.0 µg/l, respectively, p=0.28). 2-3 weeks later prolactin levels 

in cases had not decreased. However, univariate regression analysis indicated that hsCRP 

is associated with prolactin levels (regression coefficient β 0.11; [95% CI 0.01 to 0.21]; 

p=0.03) in cases during the acute phase of myocardial infarction. 

Our findings may suggest that prolactin is involved in the systemic inflammatory 

response, which takes place during myocardial infarction; however, this association 

may not be strong enough to induce higher prolactin levels in patients with myocardial 

infarction.

INTRODUCTION

Quite a few hormonal dysbalances have been associated with cardiovascular disease [1]. The principal 

function of the pituitary hormone prolactin is to warrant lactation [2]. Nonetheless, recent data 

indicate that prolactin could contribute to an atherogenic phenotype: hyperprolactinemia has been 

associated with impaired endothelial function, dyslipidemia, hypercoagulability, decreased insulin 

sensitivity, and low-grade inflammation, as represented by high sensitive C-reactive protein (hsCRP) 

[3-6]. Additionally, physiological prolactin levels were found to be correlated to a risk score that predicts 

10-year cardiovascular mortality [7]. The hypothesis that prolactin may play a role in the development 

of atherothrombotic disease is further supported by clinical data showing higher prolactin levels in 

patients with myocardial infarction than in patients with unstable angina [8] or in healthy controls 

[8-10]. These studies suggest that prolactin may affect platelet function or the coagulation cascade, 

thereby influencing thrombosis [8-10]. 

However, serum prolactin levels transiently rise after several forms of acute stress, since environmental 

stressors potentiate production of prolactin and other pituitary-dependent hormones [11]. We propose 

that the previously observed elevated prolactin levels (still within, or just above the upper limit of 

the physiological range) in patients with myocardial infarction [8-10,12-14] may therefore reflect an 

increased neuro-endocrine stress response during the acute phase of the event, with or without 

an additional effect of prolactin on the atherothrombotic process. Furthermore, recent evidence 

demonstrates that there is bidirectional communication between the neuro-endocrine and immune 

system, with proinflammatory cytokines exerting a stimulatory effect on local or systemic prolactin 

production, whilst prolactin in return modulates the immune response [11,15,16]. As such, we argue 

that the stress hormone prolactin could be enhanced in the acute phase of myocardial infarction as a 

result of the inflammatory condition. Taken together, our hypothesis is binomial: we hypothesize that 

prolactin levels are temporarily increased in patients with myocardial infarction, as a result of either 

the acute neuro-endocrine stress response, or of the systemic inflammatory response. To investigate 

the relation between prolactin levels, acute stress and inflammation, levels of prolactin and hsCRP in 

patients with myocardial infarction were determined, both during the acute phase of the event and 

several weeks hereafter, and were compared with levels in sex- and age matched controls.

PARTICIPANTS AND METHODS

Study design and participants
The present analysis was part of a case-control study on the association of viral respiratory tract 

infection and the risk of myocardial infarction. For this study, consecutive patients with proven 

myocardial infarction were recruited at the coronary care unit (CCU) of the Slotervaart Hospital, 

Amsterdam, the Netherlands between January 7th, 2008 and January 30th, 2009. Myocardial infarction 

was defined as enzyme elevation (levels of CK or CK-MB twice normal and troponin above normal level) 
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in combination with characteristic ischemic chest pain, pain in associated referral areas, or ECG changes 

indicating ischemia [17]. Inclusion had to take place within the first 72 h after presentation. Controls 

were patients from the outpatient clinic of the department of internal medicine and neurology of the 

Slotervaart Hospital and were matched to case-patients according to age (within 5 years of the date of 

birth of the corresponding case-patient) and sex. Controls with a cardiovascular event in the preceding 

12 months or symptoms of infection in the previous 2 weeks were excluded. Briefly, during the baseline 

survey medical history, age, cardiovascular risk factors (smoking, dyslipidemia, hypertension, diabetes 

mellitus, and family history) and use of medication were registered in a standardized fashion. The study 

was performed in accordance with ethical principles that have their origin in the 1975 Declaration of 

Helsinki and are consistent with ICH/Good Clinical Practice; the study was a priori approved by the 

Slotervaart Hospital Ethics Committee and all participants gave signed informed consent. 

Biochemical analysis
Nonfasting venous blood samples were taken by venapuncture, at baseline and 2-3 weeks later. Serum 

levels of prolactin were measured with chemiluminometric technology (ADVIA Centaur immunoassay 

system, Siemens Healthcare Diagnostics, Marburg, Germany). Serum levels of hsCRP were measured 

with a Near Infrared Particle Immunoassay (SYNCHRON Systems CAL 5 Plus, Beckman Coulter Ireland 

Inc., Ireland). Samples were analyzed in random order and researchers and laboratory personnel had 

no access to identifiable information.

Statistical analysis
Circulating levels of prolactin and hsCRP had a skewed distribution, and were therefore presented as 

medians with interquartile range (IQR). The Mann-Whitney test was used to compare prolactin and hsCRP 

levels at inclusion between cases and controls. Since patients were included within the first 72 hours after 

presentation, additional analysis was performed to compare prolactin levels between cases included at 

the first, second or third day, and controls using the Kruskal-Wallis test. The Wilcoxon test was used to 

compare prolactin and hsCRP levels within groups in time. Additionally, we calculated absolute changes 

per parameter for each individual by subtracting the values at follow-up from the values at inclusion. 

Subsequently, medians (interquartile range) of these individual changes were computed, and between-

group comparison was performed using the Mann-Whitney test. Since prolactin levels differ between 

sexes [18], these analyses were also performed for men and women separately.

Associations between prolactin and hsCRP were assessed using univariate linear regression after log-

transformation of both variables. In addition we evaluated whether troponin or creatine kinase (CK) 

MB could predict prolactin levels using univariate linear regression after log-transformation of all 3 

variables. We used SPSS software (version 15.0, Chicago, Illinois, USA). A probability value of < 0.05 

was considered to confer statistical significance.

RESULTS

A total of 40 patients with myocardial infarction and 40 matched controls were included in the study. 

Blood was available for all cases and 39 controls. Matching ensured that age and sex distribution was 

comparable between cases and controls. Body mass index did not differ between groups. As expected, 

cases were more likely involved in smoking and presented with diabetes and hypertension. In addition, 

dyslipidemia, a positive family history and a history of cardiovascular disease were more often present 

among cases than controls.

Table 1. Patient characteristics at baseline.

Cases (n= 40) Controls (n= 39)

Age, y, mean (range) 66.4 (41 to 83) 65.4 (44 to 84)

Male, n (%) 29 (72.5%) 29 (74.4%)

BMI, kg m-2, mean (range) 27.4 (24.3 to 30.0) 26.8 (20.2 to 35.8)

Current smoker, n (%) 15 (37.5%) 9 (23.1%)

Past smoker, n (%) 14 (35.0%) 17 (43.6%)

Diabetes, n (%) 6 (15.0%) 0 (0%)

Hypertension, n (%) 18 (45.0%) 12 (30.8%)

Dyslipidemia, n (%) 20 (50.0%) 8 (20.5%)

Positive family history, n (%) 20 (50.0%) 10 (25.6%)

History of CVD, n (%) 19 (47.5%) 1 (2.6%)

Values are presented as mean (range), or number (%)

The results on levels of prolactin and hsCRP are summarized in Table 2. Prolactin levels at inclusion 

(t=0) did not differ between patients with myocardial infarction and controls (7.00 µg/l [interquartile 

range (IQR) 5.0 to 12.0 µg/l] and 6.0 µg/l [IQR 5.0 to 9.0 µg/l], respectively, p=0.28). Results did not 

significantly alter when the day of inclusion for cases was taken into account; median prolactin levels 

of cases included on the first (n=4), second (n=18), and third day (n=18) were 5.5 (IQR 4.0 to 10.8) 

µg/l, 8.0 (IQR 5.8 to 10.5) µg/l and 6.5 (IQR 5.0 to 15.0) µg/l, respectively (p=0.54).

In addition, no difference was observed between prolactin levels at inclusion and follow-up within 

groups (i.e., within cases or within controls). Similar results were found in the analysis for men and 

women separately. 
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Figure 1 shows the change in individual prolactin levels from t=0 to t=1 for cases and controls. Neither 

exclusion of subjects on prolactin modifying drugs, nor of subjects with subclinical hypothyroidism, of which 

it is known that it may affect pituitary prolactin secretion, did substantially affect the results (data not shown).

Figure 1. Individual change in prolactin levels from t=0 to t=1 for 36 cases and 37 controls.

As expected, hsCRP levels at inclusion were higher in cases than controls. HsCRP levels decreased in 

cases during follow-up. Linear regression analysis showed a significant relation between levels of hsCRP 

and prolactin in cases at the moment of myocardial infarction (regression coefficient β 0.11; [95% CI 

0.01 to 0.21]; p=0.03). This correlation is shown in Figure 2. No relation between hsCRP and prolactin 

was found in controls or in cases during follow-up. Since troponin and CK MB levels can provide a rough 

estimate of infarct size, we evaluated whether troponin or CK MB could predict prolactin levels. Linear 

regression analysis indicated that neither troponin, nor CK MB, predicts prolactin levels (regression 

coefficient β 0.01; [95% CI -0.11 to 0.12]; p=0.90 for troponin, and -0.03; [95% CI-0.17 to 0.11]; p=0.63 

for CKMB) at the moment of myocardial infarction.

Figure 2. Linear regression analysis showed a 
significant relation between levels of hsCRP 
and prolactin (PRL) in cases at the moment of 
myocardial infarction (regression coefficient β 
0.11; (95% CI 0.01 to 0.21); p=0.03).
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DISCUSSION

In contrast to earlier reports [8-10,12-14], in our study prolactin levels were not higher in patients with 

myocardial infarction than in controls. Subsequently, no difference was observed between prolactin 

levels during the acute phase of the event and in the weeks thereafter. Nevertheless, a positive 

association between hsCRP and prolactin levels was observed in patients with myocardial infarction 

during the acute phase of the event whilst this association was not found in cases during follow-up 

or in controls, reflecting situations of less marked inflammatory activity. These findings support the 

hypothesis that prolactin may be involved in the systemic inflammatory response, which takes place 

during myocardial infarction. However, the contribution of inflammation to circulating prolactin levels 

appears to be fairly small insofar that even the pronounced inflammatory response during the acute 

phase of myocardial infarction did not result in higher median prolactin levels. All together our results 

indicate that stress and/or inflammation during the thrombotic event have not substantially affected 

prolactin secretion in the majority of patients. However, we did find a robust increase in some individual 

patients (Figure 1). Therefore, we suggest that even though an increase in prolactin levels may occur 

upon myocardial infarction, this is not a relevant mechanism in every patient. It is unclear why prolactin 

secretion may be enhanced in some patients with myocardial infarction as opposed to others, but infarct 

size, as reflected by CK MB and troponin, does not appear to determine this relation. Our findings do 

not necessarily imply that prolactin is not involved in the pathogenesis of atherothrombosis. Although 

prolactin levels are only modestly affected by increased inflammatory activity, prolactin levels, even 

within the physiological range, may still modulate the immune response itself, thereby enhancing 

the risk of atherothrombosis [3-7]. This may especially be true since prolactin receptors have been 

found to be prevalent in human coronary artery plaques [19]. However, the design of our study did 

not enable us to further disentangle this complex relation between prolactin and inflammation, or 

any other determinants of atherothrombosis. 

Several limitations should be addressed. First, our study was not primarily designed to investigate 

prolactin levels in patients with myocardial infarction. Therefore, blood samples, which were used to 

characterize individuals with respect to prolactin levels, were not taken on a specific time point during 

the day. This may have resulted in a random measurement error because of the diurnal variation in 

prolactin levels. However, owing to the design of our study, this would have equally affected controls. 

Furthermore, blood was withdrawn within the first 72 hours after presentation with myocardial 

infarction, and not specifically in the first hours of the event. However, no differences in prolactin levels 

were observed between patients who were included on the first day of their myocardial infarction and 

patients who were included on the following days. In addition, Weizman et al. showed that prolactin 

levels were still increased 3 days after myocardial infarction [14], and it is therefore unlikely that this 

delay of inclusion would have affected our findings. Nonetheless, their results are contradicted by 

our present data. 

Overall, we believe that our findings provide further insights in the course of prolactin levels after the 

stressful event of myocardial infarction and its relation to systemic inflammation. We suggest that 

additional research is needed to determine whether there is a role for prolactin in atherothrombotic 

disease.
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INTRODUCTION

Prolactin is a neuroendocrine stress hormone synthesized and secreted by the pituitary gland. A 

unique feature of prolactin control is its inhibitory character, by dopamine mediated suppression. Any 

disease or drug that interferes with the secretion of dopamine or its delivery to the hypothalamus can 

therefore cause hyperprolactinemia. The most common cause of pathophysiological prolactin levels 

are pituitary adenomas (prolactinomas). Prolactin levels also increase substantially during pregnancy 

and the first 6 weeks after delivery, and to a lesser degree in response to any kind of physical or 

psychological stress [1]. Several conditions that are characterized by high levels of prolactin, such as 

pregnancy, puerperium, and the use of oral contraceptive agents or hormone replacement therapy, 

are associated with an increased risk of venous thrombosis (VT) [2,3]. Although this increased risk is 

to a large extent explained by the simultaneous increase in circulating estrogen levels, prolactin itself 

may play an additional role. In prolactinoma patients, an increased incidence of VT has been reported, 

and there are indications that higher levels of prolactin may contribute to a hypercoagulable state 

[4,5]. Conversely, higher levels of prolactin were found in patients with VT, in whom no congenital or 

acquired risk factors could be identified, compared with those with congenital risk factors or healthy 

control subjects [5]. In addition, VT has been related to the use of antipsychotic drugs, which are known 

to induce hyperprolactinemia by blocking dopamine receptors [6-8]. These considerations highlight 

that elevated prolactin levels may be a possible cause of VT. Therefore, in this case-control study, we 

attempted to determine the association between different levels of prolactin and the risk of VT. 

METHODS

Study population
Consecutive outpatients with suspected deep venous thrombosis (DVT) were potentially eligible 

for this study (n=944). Patients with objectively confirmed DVT, calf vein thrombosis, or superficial 

thrombophlebitis of the lower extremities (cases) and subjects in whom leg vein thrombosis was 

objectively ruled out (controls), were derived from a larger study, designed to investigate new risk 

factors for VT. Patients were excluded if they were under the age of 18 (n=3), if they had experienced 

a previous DVT or pulmonary embolism (n=119), if they were already receiving vitamin K antagonists 

or heparin for more than 24 hours (n=3), if they were admitted to the hospital (n=58), or if they were 

unwilling to participate or unable to give consent (n=7). A total of 754 patients were included in the 

study (Figure 1).

Setting and location
Patients were recruited at the Academic Medical Center, Amsterdam, the Netherlands, between 

September 1999 and August 2006. The study was approved by the institutional medical ethical review 

board, and all patients provided written informed consent.

ABSTRACT

Objective Several acquired risk factors for venous thrombosis (VT) are associated with 

high prolactin levels. Our goal was to investigate VT risk for different levels of prolactin.

Methods and Results We used data of a case-control study on leg vein thrombosis 

conducted between September 1999 and August 2006 at the Academic Medical Center, 

Amsterdam, the Netherlands. Prolactin was assessed in 187 cases (mean age 57 years; 

range 19 to 90) and 374 gender-matched controls (mean age 57 years; range 18 to 93). 

Odds ratios and 95% CI for VT risk were estimated based on several cut-off levels derived 

from prolactin levels in controls.

Odds ratios for VT risk clearly increased with higher prolactin levels. For prolactin levels 

above the 75th percentile (8 µg/l), we found a gender-adjusted odds ratio of 1.7 (95% 

CI 1.0 to 2.7) as compared with levels below the 50th percentile (6 µg/l). This further 

increased up to an odds ratio of 4.7 (95% CI 1.8 to 11.8) for prolactin levels above the 

97.5th percentile (16 µg/l). The risk was most pronounced in premenopausal women.

Conclusion Our data suggest that prolactin levels are associated with VT in a dose-

dependent fashion. Future studies are needed to evaluate the causality of this 

relationship. 
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Figure 1. Characteristics of patients included in the study. CUS indicates compression ultrasound.

Mann-Whitney U test. We subsequently calculated odds ratios and 95% CIs for the risk of VT at different 

levels of prolactin using binary logistic regression. Cut-off levels for prolactin were set according to 

the different percentiles of the values observed in controls. Prolactin levels below the 50th percentile 

were used as reference and compared with levels above the 50th, 75th, 80th, 90th, 95th, and 97.5th 

percentiles. Multivariate analysis was performed to adjust for gender to take the frequency matching on 

gender into account. The influence of potential confounding factors was analyzed using the univariate 

model, and if a significant contribution (change in crude odds ratio of more than 5%) was found for 

any of the independent factors, these variables were added to the multivariate logistic regression 

model. An exception was made for pregnancy and puerperium, because there were only a limited 

number of women in these conditions included in the study. However, pregnancy and puerperium 

were considered strong confounders in the relationship between prolactin and VT, and we therefore 

felt it was more accurate to exclude these women from the analysis than to incorporate these variables 

in the multivariate model. Separate analysis was performed for patients with DVT, excluding those 

with calf vein thrombosis or superficial thrombophlebitis. Considering gender-based differences in 

basal prolactin levels, subgroup analysis was performed for men and women separately. To evaluate 

the possible influence of circulating estrogen levels, we performed additional analyses in subgroups 

Data collection and diagnosis of VT
At presentation (i.e., before diagnostic testing for VT), participants were subjected to a standardized 

questionnaire including items on medical history, family history, concomitant medication, and the 

presence of known risk factors for VT. Participants subsequently provided a nonfasting venous blood 

sample. Blood was collected in 0.109 mol/l trisodium citrated tubes. Within 1 hour, platelet-poor 

plasma was obtained by centrifugation and recentrifugation of the supernatant, for 20 minutes at 

1600g at 4°C. Plasma was stored at -80°C until further use.

All participants underwent diagnostic testing for DVT according to an algorithmic management 

strategy combining clinical pretest probability and D-dimer assay (Tinaquant, Roche Diagnostics, Basel, 

Switzerland), followed by compression ultrasound of the lower extremities, if indicated [9,10]. For those 

who had been judged likely to have DVT, a second ultrasound examination was performed 1 week

later if the first test was negative. The diagnosis of VT, including DVT (i.e., proximal thrombosis of the 

iliac or superficial femoral vein, or thrombosis involving at least the upper third part of the deep calf 

veins), calf vein thrombosis, and superficial thrombophlebitis, was confirmed by failure to fully collapse 

the lumen of the deep or superficial veins during compression testing. Thrombosis was considered

provoked if at least 1 of the following acquired risk factors was present: use of estrogen- or 

progesterone-containing agents, malignancy, pregnancy or puerperium, paralysis of the symptomatic 

leg, recent trauma (within the last 60 days), surgery within the last 4 weeks or bedridden for more than 

3 days, hospitalization within the previous 6 months, or long-distance travel (6 hours or more) within 

the previous 3 months. In the absence of these acquired risk factors, VT was considered unprovoked.

Six patients with high clinical pre-test probability and negative first ultrasound failed to return for 

the second ultrasound examination. Diagnosis of VT was confirmed in 211 participants, who were 

therefore included as cases, whereas in 537 participants, the diagnosis of VT was objectively ruled out 

using the above-mentioned diagnostic management strategy. These 537 participants were included 

as controls (Figure 1).

Laboratory assay of prolactin levels
Citrated plasma of 187 cases and 486 controls was available for laboratory assay of prolactin levels. 

To obtain a control to case ratio of 2:1, we randomly selected 374 of the 486 controls according to the 

alphabetic order of their initials. Selection was performed for men and women separately to match 

for frequency (Figure 1). Prolactin was measured using direct chemiluminometric technology (ADVIA 

Centaur immunoassay system, Siemens Healthcare Diagnostics, Marburg, Germany) and corrected 

for the 10% dilution with citrate. The intra- and interassay coefficients of variations were below or 

equal to 4.4% and 4.9%, respectively. The local reference range was below 22 µg/l for women and 

below 15 µg/l for men. 

Statistical analysis
Results of categorical variables were expressed as number and percentage. Prolactin levels were 

presented as interquartile range (IQR), and the difference between groups was calculated using the  
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Table 1. Patient characteristics.

All cases*
(n=187)

DVT only
(n=152)

Controls
(n=374)

Male, n (%) 79 (42.2) 66 (43.4) 158 (42.2)

Age, median (range), years 57 (19 to 90) 58 (19 to 90) 57 (18 to 93)

Unprovoked VT, n (%) 64 (34.2) 47 (30.9) -

Provoked VT, n (%) 123 (65.8) 105 (69.1) -

BMI, median (IQR), kg/m2 26.4 (23.9 to 29.1) 26.4 (23.8 to 28.7) 27.1 (24.3 to 31.3)

Oral contraceptive pill, n (%) 36 (19.3) 26 (17.1) 30 (8.0)

Hormone replacement therapy, n (%) 3 (1.6) 3 (2.0) 5 (1.3)

Recent trauma, n (%) 26 (13.9) 22 (14.5) 53 (14.2)

Malignancy, n (%) 26 (13.9) 24 (15.8) 24 (6.4)

Pregnancy, n (%) 1 (0.5) 0 (0.0) 2 (0.5)

Puerperium, n (%) 1 (0.5) 1 (0.7) 1 (0.3)

Surgery/bedridden, n (%) 30 (16.0) 29 (19.1) 30 (8.0)

Paralysis of the symptomatic leg, n (%) 16 (8.6) 15 (9.9) 30 (8.0)

Hospitalization, n (%) 35 (18.7) 33 (21.7) 46 (12.3)

Long distance travel, n (%) 30 (16.0) 23 (15.1) 43 (11.5)

Prolactin level (μg/l), median (IQR) 6.7 (4.4 to 8.9)† 6.7 (4.4 to 8.9) 5.6 (4.4 to 7.8)

Men, prolactin level, median (IQR) 5.6 (4.4 to 7.8) 5.6 (4.4 to 7.8) 5.6 (4.4 to 7.8)

Women, prolactin level, median (IQR) 7.8 (5.6 to 11.9)‡ 7.8 (5.6 to 11.1)† 6.7 (4.4 to 8.9)

Use of PRL-increasing agents, n (%) 8 (4.3) 8 (5.3) 21 (5.6)

Calcium channel blockers (verapamil), n (%) 1 (0.5) 1 (0.7) 1 (0.3)

Dopamine receptor antagonist, n (%) 1 (0.5) 1 (0.7) 0 (0.0)

Dopamine synthesis inhibitors, n (%) 0 (0.0) 0 (0.0) 2 (0.5)

Estrogen influencing drugs (tamoxifen), n (%) 3 (1.6) 3 (2.0) 5 (1.3)

Opiates, n (%) 1 (0.5) 1 (0.7) 9 (2.4)

Serotonin-reuptake inhibitors, n (%) 2 (1.1) 2 (1.3) 4 (1.1)

PRL indicates prolactin.
*, All thrombosis patients combined (DVT, calfvein thrombosis and thrombophlebitis).
†, p<0.05 patients with (deep) venous thrombosis vs controls.
‡, p<0.01 patients with venous thrombosis vs controls.

of premenopausal and postmenopausal women, applying the same cut-off levels as those used in 

the analysis of all women. Women were considered premenopausal if aged 55 years or below and 

not using hormone replacement therapy, whereas postmenopausal women were defined as those 

aged above 55 years or those using hormone replacement therapy. Last, in an attempt to evaluate 

whether any observed association between prolactin and VT might have been influenced by the 

inflammatory stress induced by the thrombotic event itself, the relationship between levels of prolactin 

and C-reactive protein, a marker of the acute phase response, was assessed. Levels of high-sensitivity 

C-reactive protein were measured in 158 randomly selected subjects (79 cases and 79 controls) as 

described elsewhere [11]. Linear regression was performed after log-transformation of both prolactin 

and high-sensitivity C-reactive protein levels. We reasoned that if no relationship was demonstrated 

between the 2 variables, then an elevated prolactin level could be assumed not to be a nonspecific 

stress-related response. Statistical analysis was performed with the use of SPSS 15.0 software package 

(SPSS Inc, Chicago, IL, USA).

RESULTS

Patient characteristics
A total of 187 cases and 374 controls were included. Mean age (57 years) and female gender (58%) 

were similar in cases and controls. Of all cases with VT, 152 (81%) had a DVT, 12 (6%) had an isolated 

calf vein thrombosis, and 23 (12%) had a superficial thrombophlebitis of the lower extremities. Overall, 

in 123 (66%) patients with VT, and in 105 (69%) of the patients with DVT, at least 1 acquired risk factor 

for VT was present at the time of event, and thrombosis was therefore considered provoked.

In total, 45 (24%) patients with VT and 53 (14%) controls were using drugs known to increase circulating 

prolactin levels: 36 patients with VT and 30 controls were using oral contraceptive agents, 3 patients 

with VT and 5 controls were on hormone replacement therapy, and 8 patients with VT and 21 controls 

were using prolactin-increasing drugs other than oral contraceptive agents or hormone replacement 

therapy. Of these, 2 patients with VT and 3 controls used more than 1 prolactin-increasing agent 

(Table 1). 

Prolactin levels
The median prolactin level in cases with VT (6.7 µg/l, interquartile range [IQR] 4.4 to 8.9) was higher 

than in control subjects (5.6 µg/l, IQR 4.4 to 7.8) (p=0.02) (Table 1). In both groups, median prolactin 

levels were higher for women than for men. Nine patients with VT (6 women) and 7 control subjects 

(3 women) had prolactin levels above reference range. We did not find an association between 

prolactin levels and C-reactive protein among the 158 subjects in whom levels of C-reactive protein 

were analyzed; neither in cases (regression coefficient β -0.05; 95% CI -0.17 to 0.07; p=0.43) nor in 

controls (regression coefficient β 0.03; 95% CI -0.06 to 0.12; p=0.52).
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Prolactin and the risk of venous thrombosis
We found odds ratios for each cut-off level that clearly increased with the percentiles used (adjusted 

for gender) (Table 2). For prolactin levels above the 75th percentile (8 µg/l), we found an odds ratio of 

1.7 (95% CI 1.0 to 2.7) compared with levels below the 50th percentile (6 µg/l). This further increased 

up to an odds ratio of 4.7 (95% CI 1.8 to 11.8) for prolactin levels above the 97.5th percentile (16 µg/l). 

Adjustment for age, use of estrogen-containing agents (oral contraceptives and hormone replacement 

therapy), body mass index (BMI), surgery, and malignancy slightly decreased the odds ratios. Similar 

results were found when only patients with DVT of the leg were analyzed (Table 2). When we analyzed 

patients with provoked and unprovoked thrombosis separately, we observed the same pattern of 

increasing odds ratios in both groups (data not shown).

The association between prolactin and risk of VT was most pronounced in women (Table 3 and Figure 

2), with a particularly high relative risk of VT in the subgroup of premenopausal women (Figure 2). 

Adjustment for age, use of estrogen-containing agents, BMI, surgery, and malignancy did not materially 

alter the crude odds ratios (data not shown). No clear association between higher prolactin levels and 

VT was observed for men (Table 3) or for postmenopausal women (Figure 2).

Figure 2. Pregnant women and women within the first 6 weeks after delivery (puerperium) were excluded from the analysis. 
Analysis was performed for the 75th, 80th, 90th, 95th and 97.5th percentiles of the values observed in all female control 
subjects, corresponding with prolactin levels of 9, 10, 11, 14, and 16 µg/l, respectively. Risk applies for prolactin levels 
above the cut-off point compared with reference (prolactin levels below the 50th percentile [7 µg/l]). The reference range 
for prolactin levels in women is below 22 µg/l. OR indicates odds ratio (univariate analysis).
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DISCUSSION

In this case-control study, we found the risk of VT to gradually rise with increasing levels of prolactin. This 

appears to be the case particularly in premenopausal women. Of note, the association between prolactin 

levels and thrombosis was observed almost entirely within physiological values for prolactin [12]. Thus far, 

the ability of pregnancy, puerperium, use of oral contraceptive agents, and hormone replacement therapy 

to induce VT has mainly been attributed to alterations in circulating estrogen level and subsequent effects 

on the synthesis of coagulation proteins [13]. Although prolactin levels can be elevated as a result of high 

estrogen levels, our findings indicate that prolactin itself may play an additional role in causing VT. However, 

the observed differential effects of prolactin in men and women, as well as in pre- and postmenopausal 

women, suggest that the association between VT and prolactin is estrogen-dependent. The relationship 

between estrogen and prolactin is complex, with estrogen increasing prolactin secretion, whereas prolactin 

in turn decreases estrogen levels. In addition, estrogen is involved in the upregulation of prolactin receptor 

synthesis and stimulates prolactin binding at the hepatic level, altering an individual’s responsiveness to 

circulating prolactin levels [14-16]. A certain amount of estrogen may thus be needed for prolactin to exert 

its effects, which implies that only in the event of estrogen levels above a specific threshold prolactin is 

likely to influence the risk of VT. It should, however, be noted that there is some evidence that prolactin 

is capable of altering the coagulation system through estrogen-independent mechanisms [17]. Prolactin 

may be involved in the pathogenesis of VT via several pathways. First, prolactin induces an inflammatory 

response characterized by infiltration of lymphocytes, macrophages and neutrophils, as well as adhesion of 

circulating mononuclear cells to the endothelium, hereby indirectly altering coagulation [18-20]. Second, 

in rats, prolactin was reported to enhance the synthesis of prothrombin in hepatic microsomes and to 

increase levels of coagulation factor XII [21,22]. This proposed direct effect on coagulation is compatible 

with recent clinical data showing high platelet count; increased levels of fibrinogen, antithrombin, and 

plasminogen activator inhibitor-1; and decreased levels of tissue factor pathway inhibitor in prolactinoma 

patients compared with healthy age- and gender-matched controls [4]. Third, prolactin has been suggested 

to enhance platelet activation, possibly by binding to a platelet-located prolactin receptor [5,23-25]. 

However, 2 recent studies did not show an effect of prolactin on platelet function, nor was the presence 

of a platelet-located receptor confirmed, leaving the role of prolactin in platelet activation and aggregation 

still unclear [26,27]. Given that stress of any kind can cause an increase in prolactin secretion, the question 

arises whether our findings are not merely the result of an acute phase response induced by the thrombotic 

event itself. This may particularly be true because women show a greater prolactin response than men to 

almost all physiological stimuli, presumably because of the effect of higher estrogen concentrations on 

the lactotroph cells [1]. However, the lack of association between high sensitivity C-reactive protein and 

prolactin argues against the acute phase response as explanation for our findings. Also, control subjects 

were persons with a suspicion of VT. Consequently, controls were not entirely free of (inflammatory) 

stress either, which makes it unlikely that our finding is an epiphenomenon. Future prospective studies 

are still needed to disentangle the complex relationship of prolactin, estrogen, and the acute phase 

response in all its details. Theoretically, all factors that induce physical or psychological stress (including 
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most of the acquired risk factors for VT) may increase levels of prolactin. Therefore, these risk factors may 

be considered confounders. To adequately identify possible confounding factors, the influence of each 

of the acquired risk factors was analyzed using a univariate model. Apart from pregnancy, puerperium, 

and use of estrogen containing agents (oral contraceptives and hormone replacement therapy), only 

malignancy and surgery were found to influence the relationship between prolactin and VT. However, 

adjustment for these factors did not materially alter the study findings. A possible limitation of our study 

is the fact that prolactin levels were measured at presentation rather than at a fixed time of day. The 

diurnal rhythm of prolactin, with peak levels occurring early in the morning, could have resulted in small 

physiological fluctuations among subjects. However, owing to the design of our study, this would have 

affected both cases and controls in a similar manner. Such random misclassification could at most have led 

to an underestimation of the association. Also, the definition of pre- and postmenopausal women based 

on age and use of hormone substitution therapy may be of some concern. Any misclassification on this 

part would have equally affected cases and controls. In addition, the inclusion of patients with superficial 

vein thrombosis and patients with provoked thrombosis may induce a dilution bias, therefore decreasing 

the strength of association between prolactin and venous thrombo-embolism. However, excluding these 

patients from the analysis and adjusting for known risk factors did not substantially modify the results. 

Nonetheless, future studies with a priori knowledge on estrogen status and addressing the other limitations 

of this study are needed to confirm our findings.

It is probably too early to conclude on clinical implications of these observations. For this we need 

confirmation of our findings in other studies and more data on the underlying mechanism. From this 

study, we cannot conclude whether prolactin is a mediator between some other risk factor and VT 

or is itself an independent risk factor. However, mounting evidence suggests a relevant interaction of 

hormones other than estrogens and androgens and hemostasis [28]. These interactions need to be 

carefully explored because endocrine dysfunction is a potentially treatable condition, and any strategy 

that reduces thrombosis risk without increasing bleeding risk is attractive. In conclusion, our data suggest 

that higher prolactin levels are associated with VT. The relationship is most pronounced in premenopausal 

women, suggesting that estrogen dependent pathways in crosstalk with prolactin levels may underlie 

this association. Future studies are needed to evaluate causality of the observed relationship between 

prolactin levels and VT.
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INTRODUCTION

Atherothrombosis is the basis of cardiovascular disease which normally results from a complex interplay 

of hemodynamic changes, coagulation changes, inflammatory activation as well as changes in vessel 

wall function and structure [1,2]. Various endocrine hormones have been suggested to be associated 

with an increased risk of cardiovascular disease (CVD) [3]. Although prolactin was originally identified 

as a lactotrophic hormone, it has recently also been shown to exert a variety of functions, potentially 

relevant for atherothrombotic disease [4]. This has led to the concept that prolactin may be a causal 

factor contributing to a pro-atherothrombotic state [3,5]. 

In fact, prolactin has been shown to elicit an inflammatory response characterized by infiltration of 

lymphocytes, macrophages and neutrophils in vitro, as well as adhesion of circulating mononuclear 

cells to the endothelium; events which are involved in the biology of atherothrombosis [6-8]. 

Furthermore, the prolactin receptor was found to be present in macrophages of atherosclerotic plaques 

predominantly at sites characterized by a marked inflammatory response [5]. Several animal studies 

reported that prolactin promotes angiogenesis and has vasoconstrictive effects [9-12]. 

In the present study, we set out to explore whether prolactin has the ability to modulate microcirculatory 

function, inflammation and coagulation. In addition to the investigation of the retinal and sublingual 

microvasculature, a panel of pro-atherothrombotic plasma markers in prolactinoma patients and healthy 

age- and sex-matched controls were also studied.  

 

METHODS 

Patients and study design
The investigators obtained approval from the Institutional Review Board of the Academic Medical 

Center of Amsterdam and all participants provided written informed consent. The study was registered 

in the Netherlands Trial Register (NTR2511). The research adhered to the tenets set forth in the 

Declaration of Helsinki. 

Patients were included in the study if a pituitary mass was visible on an MRI scan with gadolinium 

and venous plasma prolactin levels were exceeding 40 µg/l. We arbitrarily choose this cut-off level, 

since we aimed to evaluate the effects of an active microprolactinoma. Exclusion criteria’s were: 

macroprolactinoma, if on dopamine-agonist and it was not appropriate to discontinue this for eight 

weeks, other hormonal disturbances, diabetes mellitus, pregnancy, overt vascular disease, anti-

psychotic medication, anti-hypertensive medication or statins, any disease which could interfere 

with the retinal and/or sublingual vasculature, allergy or hypersensitivity to fluorescein or iodide, 

retinopathy, renal disease, active or previous cancer. Figure 1 illustrates the flow of patients through 

the selection process. 

Consecutive outpatients who had undergone repetitive blood testing for prolactin levels to evaluate 

the persistency of elevated serum prolactin between November 1998 and January 2010 and who 

were not on a dopamine agonist at the moment of blood withdrawal, were potentially eligible for  

ABSTRACT

Objective: Atherothrombosis is a multifactorial process, governed by properties 

of a complex interaction of local vessel walls, hemodynamic factors and systemic 

atherothrombotic risk factors. Recent in vitro, human ex vivo and animal studies have 

implicated the hormone prolactin as a pro-atherothrombotic mediator. Therefore, we 

assessed the atherothrombotic pathways and microvascular homeostasis in patients 

characterized by prolonged increases in prolactin levels.

Measurement and Results: Sidestream dark field (SDF) imaging revealed a marked 

perturbation of sublingual microcirculation in prolactinoma patients when compared 

to control subjects, as attested to by significant changes in microvascular flow index 

(2.74±0.12 vs. 2.91±0.4, respectively; p=0.001), in heterogeneity index (0.25±0.09 vs. 

0.11±0.4, respectively; p=0.006) and lower proportion of perfused vessels (90±4.0% vs. 

95±3.0%, respectively; p=0.02). In the retina, fluorescein angiography (FAG) confirmed 

a trend towards dilatated perifoveal capillaries. Systemically, prolactinoma patients 

displayed biochemical markers indicative of an increased cardiovascular risk, comprising 

decreased HDL cholesterol levels, increased interleukin-6 as well as a higher endogenous 

thrombin potential and prothrombin levels.

Conclusions: Prolactinoma patients are characterized by microvascular dysfunction as 

well as systemic markers indicative of a pro-atherothrombotic state. Further studies are 

required to assess if prolactin is indeed causally involved in atherothrombotic disease 

and whether prolactinoma patients have an increased cardiovascular risk. 
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from alcohol and caffeine 12 hours before participation in the study. During medical screening, blood 

pressure was measured and physical examination was performed. Blood was drawn between 8 and 

10 a.m. after an overnight fast. 

Biochemical variables
Prolactin was measured by a solid-phase, two-site, time-resolved fluoroimmunometric assay (Delfia 

Prolactin, Wallac Oy, Turku, Finland) with a limit of detection of 1.0 mg/l. The intra-assay coefficient of 

variation (CV) was 4-6%, interassay CV was 5.5-7.2%, with reference values for plasma prolactin 4.0-25.0 

μg/l in women and 0.5-19.0 μg/l in men [13]. If prolactin levels were enhanced, polyethylene glycol 

(PEG) was used to precipitate macroprolactin. Total cholesterol, high density lipoprotein-cholesterol 

(HDL-C), and triglycerides were determined enzymatically (Boehringer Mannheim, Mannheim, 

Germany), and the interassay and intra-assay coefficients of variation (CV) were 2% for all three. 

LDL-C was calculated using the Friedewald equation. Apolipoprotein B-100 (apoB-100) and apoA-I were 

assayed by rate nephelometry (CV< 5% for both). HsCRP was measured by a high-sensitivity method 

(Roche Diagnostic Corp., Basel, Switzerland) and (in case hsCRP>10 mg/mL) by immunonephelometry 

(P800 analyzer; Roche Diagnostic Corp.) (CV< 4%). 

Coagulation assays (prothrombin time [PT], activated partial thromboplastin time [APTT], prothrombin, 

factor VIII), D-dimer and antithrombin were determined on an automated coagulation analyzer (Behring 

Coagulation System, BCS) with reagents and protocols from the manufacturer (Siemens Healthcare 

Diagnostics, Marburg, Germany). Measurements of prothrombin fragment F1+2 (Siemens Healthcare 

Diagnostics), von Willebrand factor antigen (vWFag, antibodies from Dako, Glostrup, Denmark), Tumor 

necrosis factor α (TNF, Sanquin, Amsterdam, the Netherlands), interleukin-6 (IL-6, Sanquin), and 

plasmin-α2-antiplasmin complexes (PAP, DRG, Marburg, Germany) were performed by ELISA. Protein 

C was determined using the Coamatic protein C activity kit from Chromogenix (Mölndal, Sweden). Free 

protein S was measured by precipitating the C4b-binding protein-bound fraction with polyethylene 

glycol 8000 and measuring the concentration of free protein S in the supernatant by ELISA using 

antibodies from Dako (Glostrup, Denmark). 

The endogenous thrombin potential was determined as described by Hemker et al. [14] and the 

Thrombinoscope manual (Thrombinoscope BV, Maastricht, the Netherlands). Coagulation was 

triggered by recalcification in the presence of 5 pM recombinant human tissue factor (Innovin, Siemens 

Healthcare Diagnostics), 4 μM phospholipids, and 417 μM fluorogenic substrate Z-Gly-Gly-Arg-AMC 

(Bachem, Bubendorf, Switzerland). Fluorescence was monitored using a Fluoroskan Ascent fluorometer 

(ThermoLabsystems, Helsinki, Finland), and the ETP was calculated using Thrombinoscope software 

(Maastricht, the Netherlands).

Resistance to activated protein C (APC) was determined by testing the effect of APC on the endogenous 

thrombin potential. The sensitivity to APC (Enzyme Research Laboratories, South Bend, IN, USA) of 

each plasma sample was determined in both the presence and absence of ~4 nM APC (f.c.). The APC 

concentrations used were adjusted to maintain a residual thrombin generation activity of approximately 

10% in normal pooled plasma. Normal pooled plasma was run in parallel on each plate. The normalized 

Figure 1. Flow of patients in selection procedure.  

this study (n=199). Of these patients, the majority had prolactin levels < 40 µg/l (n=113). Additionally, 

consecutive outpatients with prolactin levels > 40 µg/l measured between February-December 2010 

were potentially eligible as well, based on their prolactin level (n=61). Two patients, ages younger than 

18 years, were excluded. From these two groups, a total of 145 patients were potentially eligible. Their 

treating physician was contacted about the study regarding the in- and exclusion criteria, leading to 

assessment of eligibility based on the patient charts. 

In twenty cases, the treating physician found the patients eligible based on the in- and exclusion 

criteria and did not have any objections against participation in the study. Eleven patients were invited 

for the screening visit, of which ten were eventually included. In the initial screening visit, two of the 

ten patients were on a dopamine-agonist and were requested to stop with the medication for eight 

weeks until the next study visit. Furthermore, six patients with a microprolactinoma responded to 

our advertisement in a quarterly magazine of the Dutch Pituitary Foundation (Nederlandse Hypofyse 

Stichting). However, none of these six patients were eligible to come for a screening visit. In addition to 

the exclusion criteria, controls were recruited through advertisement and matched to patients according 

to sex and age (within 5 years of the date of birth of the corresponding patient). Participants refrained 
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Statistical Analysis
Results are presented as mean±SD. Differences between prolactinoma patients and controls were 

tested using a Student’s t-test (two-sided, equal variances, unpaired) when the results were normally 

distributed, and Mann-Whitney test otherwise. Differences in dichotomous variables between groups 

were analyzed by χ2 test. We used SPSS software, version 16.0 (Chicago, IL, USA) and GraphPad Prism 

Software version 5.0 (CA, USA). Associations between prolactin and the various microcirculatory 

parameters were assessed using univariate linear regression after log-transformation of both variables. 

The correlation between dilatation of perifoveal arteries and patients was calculated applying the Fisher 

exact test. Results were stratified according to outcome (absent, moderate or severe). A probability 

value (p) <0.05 was considered to confer statistical significance. 

RESULTS 

Clinical characteristics and biochemistry
Clinical characteristics of the participants are shown in Table 1. Blood count was comparable between 

the two groups. As expected, prolactin levels in prolactinoma patients were higher than in control 

participants (68.0 [IQR 53-94] μg/l vs. 10.8 [8.6-13.8] μg/l, p<0.001). Prolactinoma patients also showed 

higher body mass indexes (26.3±5.1 kg/m² in patients vs. 22.2±2.2 kg/m² in controls, p=0.04) and 

higher insulin levels (43 [17-69] pmol/l vs. 15 [10-35] pmol/l in controls, p=0.05). With the exception 

of lower HDL-c levels in patients (1.4 [1.1-1.5] mmol/l vs. 1.7 [1.5-2.2] mmol/l in controls, p=0.02), no 

other differences between groups were observed for lipid parameters (total cholesterol, low-density-

cholesterol, triglycerides, apolipoprotein B). 

Haemostatic and inflammatory parameters are listed in Table 2. Increased plasma prothrombin was 

found in patients (130±21 U/dl in patients vs. 101±11 U/dl in controls, p=0.001). In line, the endogenous 

thrombin potential was 36% higher in prolactinoma patients compared to controls (2251±384 nmol/l 

x min vs. 1696±238 nmol/l x min, p=0.002). No differences were observed for other procoagulant 

parameters between patients and controls. Also, no differences were found for the tested fibrinolytic 

parameters. IL-6 was increased in prolactinoma patients (1.1 [0.6-1.5] pg/ml in cases vs. 0.5 [0.5-0.7] 

pg/ml in controls, p=0.04). HsCRP showed a trend towards increased levels in patients (2.9 [0.6-5.0] 

in patients vs. 0.8 [0.6-2.8] mg/l in controls, p=0.17). 

Microvascular network assessed with SDF and FAG
Microvascular flow index (MFI) was significantly lower in prolactinoma patients compared to controls 

(2.74±0.12 versus 2.91±0.4, respectively; p=0.001) (Figure 2A). Linear regression analysis showed a 

significant relation between levels of prolactin and MFI; β -0.629; [95% CI -22.47 to -5.42]; p=0.003. 

In addition, patients had a higher flow heterogeneity index (FHI) compared to controls (0.25±0.09 vs. 

0.11±0.4, respectively; p=0.006) (Figure 2B). Also, linear regression analysis demonstrated a significant 

ratio (APCsr) was determined by dividing the APCsr of an individual by the APCsr of the pooled plasma. 

A normalized APCsr >1.0 reflects an APC resistant phenotype.

Sublingual microvascular network
Local sublingual microcirculation was visualized using sidestream dark field (SDF) imaging technology 

(Microscan Video Microscope System, MicroVision Medical, Amsterdam, The Netherlands); details on 

this technique have been described elsewhere [15]. All imaging was performed using a 5x magnifying 

objective lens system which was in turn captured by a video camera with a 720 x 576 pixel resolution, 

resulting in a 1.0 x 0.75 mm imaged tissue segment. All measurements were recorded on a Canon 

MV730i digital video recorder. 

The optical probe, covered with a sterile cap (Microscan Lens, MicroVision Medical, Amsterdam, 

The Netherlands) was gently applied to the sublingual mucosa. Clips at five sublingual sites yielding 

at least 10 seconds of stable video per site were recorded. Special care was taken to avoid pressure 

artifacts, adhering to the standard operating procedure previously described by Trzeciak et al. [15] 

also recommended in the round table conference [16]. Clips were analyzed off-line with the aid of a 

validated software package (Cap-Image, Dr. H. Zeintl Engineering, Heidelberg, Germany) [17] in random 

fashion by a single investigator who was unaware of the study hypothesis. 

Microvascular flow index was used to quantify microvascular blood flow. In this score, each frame 

was divided in four quadrants and per quadrant flow was characterized as absent (0), intermittent (1), 

sluggish (2), or normal (3) [18]. Each participant’s values obtained from the mucosa fields were averaged. 

To assess flow heterogeneity between the different areas investigated, we used the heterogeneity 

index. The latter was calculated as the highest site flow velocity minus the lowest site flow velocity, 

divided by the mean flow velocity of all sublingual sites in that participant [15]. The capillary density was 

calculated similar to the technique of De Backer et al. [16]. A grid of equidistant vertical and horizontal 

lines was superimposed on the image. The vessel density was calculated as the number of small vessels 

(<20 µm) intersecting the lines of the grid divided by the total length of the lines yielding the number 

of small vessels per mm. Perfused capillary density was calculated by multiplying capillary density by 

the proportion of perfused capillaries. The proportion of perfused capillaries was then calculated as 

follows: 100 × [(total number of vessels <20 µm without flow)/total number of vessels] [16]. 

Retinal microvascular network
FAG was performed at the retina unit of the Department of Ophthalmology of the Academic Medical 

Center. Patients received an injection of fluorescein sodium (500 mg per individual; Fresenius Kabi, 

’s Hertogenbosch, the Netherlands) in their left antecubital vein. Standard fundus photography 

and fluorescein angiography employing a TopCon TRCA50 fundus camera (TopCon Inc., Japan) and 

IMAGEnet-i-Base Imaging Software (TopCon Inc., Japan) were used to evaluate the retinal and choroidal 

vasculature. The presence of dilatated vessels around the fovea (absent, moderate or severe) was 

assessed. Analyses were conducted in a randomised fashion by an ophthalmologist blinded to the 

status of the participant. 
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Table. 2 Inflammatory and coagulation characteristics of prolactinoma patients and 
controls.

Prolactinoma 
Patients (n=10)

Healthy 
controls (n=10)

HsCRP (mg/l) 2.9 (0.6-5.0) 0.8 (0.6-2.8)

TNFα (pg/ml) 3.0 (3.0-3.0) 3.0 (3.0-3.0)

IL-6 (pg/ml) 1.1 (0.6-1.5) 0.5 (0.5-0.7)*

D-dimer (µg/ml) 0.5±0.1 0.5±0.3

PT (s) 10.7±0.6 10.8±0.5

APTT (s) 29.1±2.4 28.6±2.5

Plasmin-antiplasmin complex (ng/ml) 338±104 434±245

Antithrombin (%) 110±8 107±14

Protrombin fragment 1+2 (pmol/l) 157±38 164±75

ETP (nmol/l x min) 2251±384 1696±238**

Prothrombin (U/dl) 130±21 101±11**

vWF ag (%) 114±34 131±32

Factor VIII (%) 138±34 137±40

Protein C activity (%) 114±14 117±22

Activated protein C-sensitivity ratio 3.8 (2.9-7.3) 2.9 (2.0-5.6)

Protein S free (%) 100±21 106±26

Data are presented as mean ±SD or median (IQR). *p<0.05, **p<0.002
HsCRP= high sensitive CRP, TNFα= Tumor necrosis factor α, IL-6= Interleukin-6, PT= prothrombin time, APTT= activated 
partial thromboplastin time, ETP= endogenous thrombin potential, vWF= von Willebrand Factor.

relation between levels of prolactin and FHI; β 0.613; [95% CI 0.41to 1.87]; p=0.004). There was no 

difference in perfused capillary density between the two groups (9.0±1.2 vessels/mm in prolactinoma 

patients vs. 9.4±1.0 vessels/mm in healthy controls, p=0.51) (Figure 2C). Prolactinoma patients also 

had a lower proportion of perfused capillaries (PPC; 90±4.0% vs. 95±3.0%, respectively; p=0.02; Figure 

2D). Indeed, linear regression analysis showed a significant relation between levels of prolactin and 

PPC; β -0.530; [95% CI -19.2 to -2.22]; p=0.02). In line, prolactinoma patients more often displayed a 

trend towards dilatated vessels around the fovea as assessed with FAG, although this observation did 

not reach significance (p=0.06) (Table 3). 

Table. 1 Basic characteristics of prolactinoma patients and controls. 

Prolactinoma 
Patients (n=10)

Healthy 
controls (n=10)

Current age (years) 35 (28-45) 29 (27-42)

Gender, male 2 (20%) 2 (20%)

Current smoking 2 (20%) 1 (10%)

BMI visit (kg/m²) 26.3±5.1 22.2±2.2*

Waist circumference (cm) 91.70±14.56 82.20±9.91

Systolic blood pressure (mm Hg) 119 (114-128) 118 (102-133)

Diastolic blood pressure (mm Hg) 77 (72-80) 74 (70-80)

Prolactin (µg/l) 68 (53-94) 10.8 (8.6-13.8)***

Oral anticonception 2 (20%) 3 (30%)

Hemoglobin (mmol/l) 8.1 (7.5-8.8) 8.3 (7.8-8.8)

Leukocytes (10E9/l) 5.8 (4.4-6.8) 4.5 (3.8-6.4)

Platelets (10E9/l) 247 (194-300) 259 (229-305)

Glucose (mmol/l) 4.7±0.4 4.9±0.3

Insulin (pmol/l) 43 (17-69) 15 (10-35)*

Total cholesterol (mmol/l) 4.4 (4.1-5.7) 4.9 (4.5-5.6)

HDL-cholesterol (mmol/l) 1.4 (1.1-1.5) 1.7 (1.5-2.2)*

LDL-cholesterol (mmol/l) 3.0±1.0 3.0±1.0

Triglyceride (mmol/l) 1.0 (0.7-1.5) 0.8 (0.5-1.2)

ApoB (g/l) 0.8 (0.7-11) 0.7 (0.7-0.9)

Data are presented as mean ±SD. median (IQR) or number (percentage) *p<0.05, ***p<0.001
BMI= body mass index, HDL= high density lipoprotein, LDL= low density lipoprotein, 
ApoB= apolipoprotein B
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Figure 2C. Perfused capillary density in prolactinoma patients and controls. Perfused capillary density was calculated by 
multiplying capillary density by the proportion of perfused capillaries. The proportion of perfused capillaries was calculated 
as follows: 100 × [(total number of vessels <20 µm without flow)/total number of vessels] There was no difference in 
perfused capillary density between the two groups (9.0±1.2 vessels/mm in prolactinoma patients vs. 9.4±1.0 vessels/mm 
in healthy controls, p=0.51).

Figure 2D. The proportion of perfused capillaries (PPC) in prolactinoma patients and healthy controls. PPC was calculated as 
follows: 100 × [(total number of vessels <20 µm without flow)/total number of vessels]. Compared with controls, individuals 
suffering from prolactinoma had a lower proportion of perfused capillaries (90±4.0% vs. 95±3.0%, respectively; p=0.02). 
Indeed, linear regression analysis showed a significant relation between levels of prolactin and PPC; β -0.530; [95% CI -19.2 
to -2.22]; p=0.02). 

Figure 2A. Microvascular flow index (MFI). In this score, each frame was divided in four quadrants and per quadrant 
flow was characterised as absent (0), intermittent (1), sluggish (2), or normal (3). For each participant, values obtained 
from the five mucosa fields were averaged. Prolactinoma patients show decreased microcirculatory flow velocity score in 
comparison to healthy subjects (2.74±0.12 versus 2.91±0.4, respectively; p=0.001). Linear regression analysis showed a 
significant relation between levels of prolactin and MFI; β -0.629; [95% CI -22.47 to -5.42]; p=0.003). 

Figure 2B. Flow heterogeneity index (FHI) was calculated as the highest site flow velocity minus the lowest site flow 
velocity, divided by the mean flow velocity of all sublingual sites in that participant Prolactinoma patients had a higher 
flow heterogeneity index in comparison to controls (0.25±0.09 vs. 0.11±0.4; p=0.006). Also, linear regression analysis 
demonstrated a significant relation between levels of prolactin and FHI; β 0.613; [95% CI 0.41 to 1.87]; p=0.004). 
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et al. reported an increased platelet count, fibrinogen and tissue plasminogen activator inhibitor-1 

(PAI-1) levels in prolactinoma patients, compatible with a hypercoagulable and hypofibrinolytic state 

[23]. In contrast, antithrombin levels were also increased, indicating enhanced anticoagulant activity 

[23]. These equivocal data leave the role and underlying mechanisms of hemostasis as a link between 

prolactin and cardiovascular risk unresolved. 

Biochemistry: systemic inflammation
Prolactin has been acknowledged to elicit inflammatory responses by inducing leukocyte activation 

[24]. In the present study, we observed elevated IL-6 levels in prolactinoma patients, which has been 

shown to contribute to atherosclerotic plaque development as well as plaque destabilisation by a 

variety of mechanisms [25]. Concordantly, IL-6 is a powerful predictor of future cardiovascular events 

in high-risk patients [26]. A recent study corroborated that prolactin levels correlated with IL-6 in 

normoprolactinemic patients [27]. Mechanistically, previous studies have indicated that prolactin 

induces IL-6 release from macrophages in mice [28]. The latter may also explain the increased IL-6 

levels in prolactinoma patWe also observed a higher body mass index with a concomitant reduction in 

HDLc levels in prolactinoma patients. A direct interaction between high prolactin and BMI is uncertain, 

since both higher [29] as well as similar BMIs [30] have been reported for prolactinoma patients in 

comparison to controls. Similar inconsistencies have been reported for lipid profiles, ranging from overt 

hypercholesterolemia and hypertriglyceridemia [23,31-33] to normal lipid profiles in prolactinoma 

patients [29,30]. The low HDL levels in our patient group may relate to the higher BMI, or alternatively, 

to the systemic inflammation [34]. Waist circumference was not different between the groups, which 

is of relevance since central adiposity-related indicators are known to correlate better with plasma 

pro-inflammatory markers than those assessing total adiposity [35]. However, due to our small sample 

size, no causal implications can be made.

 

Microcirculation
Microcirculatory perturbations may possibly contribute to the development of atherothrombotic events 

[36,37]. In the present study, we show that the sublingual microcirculation is disturbed in prolactinoma 

patients compared to healthy individuals, indicated by a lower microcirculatory flow index, higher 

heterogeneity index and lower proportion of perfused capillaries. In addition, prolactinoma patients 

more often displayed dilatation of the vessels around the fovea compared to the control subjects. 

Interestingly, choroidal blood flow is increased above control in diabetic subjects with moderate to 

severe diabetic retinopathy [38]. Thus, the dilatation of the vessels in the fovea in the prolactinoma 

patients may at least be non-beneficial. 

Previously it was shown that microvascular reactivity in the finger, measured with laser Doppler 

fluximetry was not correlated with physiological prolactin levels [39]. To our knowledge, this is the 

first study to assess the microcirculation in patients with pathologically elevated levels of prolactin. 

Under these circumstances, high prolactin levels may have an adverse effect on the vessel wall. In fact, 

prolactin receptors were shown to be present on endothelial cells [40]. In accordance, Molinari et al 

Table 3. Retinal microvascular network assessed with FAG. (Dilatated vessels around 
the fovea).  

Prolactinoma patients (n) Healthy individuals (n)

Absent 1 5

Moderate 4 3

Severe 5 2

Totals 10 10

Fisher’s exact p=0.06

DISCUSSION 

In the present study, we show evidence that prolactinoma patients are characterized by thrombotic 

and pro-inflammatory plasma changes, as well as signs of microvascular dysfunction, indicative of a 

pro-atherothrombotic state.  

Biochemistry: hemostasis (procoagulant, anticoagulant and fibrinolytic parameters)
Thrombin generation is a pivotal function of plasma in hemostasis, which plays a role in the onset 

of acute cardiovascular events. The endogenous thrombin potential (ETP), i.e. the area under the 

thrombin generation curve, is a marker for the capacity of plasma to generate thrombin following a 

pathophysiological stimulus. Therefore, ETP may also be useful to assess bleeding- or thrombotic risk 

[19,20]. Prothrombin conversion which is carried out by factor Xa, with a velocity that is determined 

by the availability of factor Va and the surface of a procoagulant membrane all contribute to thrombin 

generation [19]. Two major findings in haemostatic parameters in our group of prolactinoma patients 

comprised a higher prothrombin concentration and elevated ETP levels. Higher prothrombin 

concentration in prolactinoma patients results from enhanced prothrombin synthesis or decreased 

clearance of prothrombin in these individuals. In this respect, Nishino et al. showed that prolactin 

enhanced the sensitivity of liver microsomes to vitamin K in rats, resulting in enhanced prothrombin 

synthesis [21]. Whereas prothrombin fragment 1+2 levels were not increased, the plasma of 

prolactinoma patients had a higher capacity to generate thrombin upon activation of coagulation. 

These observations suggest that prolactinoma patients may have an increased risk of venous and/or 

arterial thrombosis. 

D-dimer levels and the fibrinolytic system (as assessed by determination of plasmin-α2-antiplasmin 

complexes) did not differ between prolactinoma patients and controls, indicating that fibrinolysis 

was not influenced by the presence of hyperprolactinemia. Von Willebrand factor (vWF), an accepted 

marker of endothelial damage/dysfunction, did not differ between groups. 

Previously, Karmali et al. showed that prolactin shortened bleeding time [22]. In accordance, Erem 

76 77



Microcirculation and atherothrombotic parameters in prolactinoma patient

Ch
ap

te
r 

5

coagulant state. Therefore, prolactin may contribute to the pathogenesis of atherothrombosis. However, 

further studies are needed to assess if prolactin is indeed causally involved in atherothrombotic disease 

and whether prolactinoma patients are at increased cardiovascular risk. 
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showed that prolactin-induced vasoconstriction through inhibition of a vasodilatory beta(2)-adrenergic 

receptor-mediated effect related to reduced NO availability [12]. Prolonged exposure towards high 

prolactin levels may also alter the vascular smooth muscle cell layer through stimulating smooth 

muscle cell proliferation [41]. Changes in vascular diameter of arterioles depend for a larger part 

on the contractile activation in vascular smooth muscle cells [42]. Since vasoconstriction leads to 

lower microcirculatory flow [43], we propose that prolactin-induced vasoconstriction may lead to the 

diminished microcirculatory flow index we observed.

Because the retinal and cerebral small vessels share similar embryological origins and structural [44] 

and physiological characteristics (the blood-retinal and blood-brain barriers) [45], the retinal vasculature 

can be a surrogate for cerebral small vasculature to study in vivo [46]. This concept is supported by 

findings from population based studies that retinal microvascular signs predict clinical stroke events 

[37] and stroke mortality [47]. It is tempting to speculate that our present findings may also have 

implications for the cerebral vasculature, which needs to be addressed in a separate study using other 

imaging modalities. 

Limitations
This study has several limitations, which need closer attention. First, as indicated in Figure 1, the included 

number of subjects is relatively small because most hyperprolactinemic patients did not fulfill the strict 

inclusion criteria. Therefore, our results may not be representative for all prolactinoma patients, since 

as can be extracted from Figure 1, a lot of excluded patients suffered from macroprolactinomas, which 

needed acute treatment. Additionally many excluded patients had concomitant comorbidities, or 

relatively low prolactin levels despite their microprolactinoma. Prolactinomas occur most frequently 

in females aged between 20 and 50 years, whilst the ratio between the sexes is estimated to be 10 to 

1 (women to men) [48], which is reflected in our study population. Indeed, this study is limited by its 

case-control design and only allows exploration of associations, and no causality is implied. 

Additionally, fasting insulin levels are higher in prolactinoma patients, suggesting a propensity towards 

insulin resistance. Indeed, others showed that these patients are characterized by a decreased insulin 

sensitivity in response to euglycemic hyperinsulinemic clamps [33]. 

Furthermore, hyperprolactinemia due to prolactinoma results in low estrogen and low progresteron 

levels. Thus, apart from the observed difference in HDLc levels, the propensity towards insulin 

resistance and the gonadotrophic state in prolactinoma patients may have partly contributed to the 

observed differences in coagulation and inflammatory markers between cases and controls. The use 

of oral anti-conception could have affected these parameters; however, since this use was lower in 

prolactinoma patients than in healthy individuals, any confounding effect in this matter is highly unlikely. 

Nevertheless, previous studies provide mechanistic evidence that prolactin has the ability to directly 

influence prothrombin synthesis [21] and leukocyte function [24], thereby providing a link between 

prolactin and the pro-atherothrombotic phenotype. 

In summary, our results indicate that prolactinoma patients exhibit signs of atherotrombosis, i.e. marked 

perturbation of the microcirculation and biochemical markers indicative of a pro-inflammatory and pro-
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ABSTRACT

Although peripartum cardiomyopathy (PPCM) is a rare disease, it has very serious 

consequences for both mother and child. No single cause has been held responsible for 

the pathogenesis. Recent studies have indicated that increased proteolytic cathepsin D 

activity in cardiomyocytes results in 16 kDa prolactin fragments with anti-angiogenic and 

apoptotic properties, which may contribute to the development of PPCM. In support of 

these findings, lowering full-length prolactin production by bromocriptine therapy has 

been reported to prevent impairment of cardiac function.

PPCM is associated with an increased co-existence of preeclampsia, however, a causal 

relationship has been disputed. We hypothesize that the pathophysiology of PPCM and 

preeclampsia share the same molecular pathway: increased activity of trophoblastic 

matrix metalloproteinases at the feto-maternal interface may aggravate proteolysis 

of full-length prolactin, and subsequently the formed 16 kDa prolactin fragments may 

contribute to deterioration of PPCM and preeclampsia. Therefore, we argue that it may 

be worthwhile to explore whether prolactin inhibition is not only beneficial for PPCM 

patients, but also for the much more prevalent preeclamptic women.

 

Introduction
Peripartum cardiomyopathy (PPCM) is a rare but life-threatening complication of pregnancy 

characterized by acute onset cardiac failure in previously healthy young women [1]. Hypertension 

is a known risk factor [1]. Preeclampsia is a pregnancy specific syndrome defined by hypertension 

and proteinuria and is in essence an endothelial disease [2]. It is a major contributor to perinatal and 

maternal morbidity and mortality. No causal therapy exists, except delivery of the placenta. 

In this hypothesis-generating review, we will highlight some recent advances in understanding the 

pathophysiology of PPCM. Special attention is given to the cardio- and endotheliotoxic properties of 

the 16 kiloDalton (kDa) prolactin fragment, which is a cleavage product of full-length prolactin, and to 

the possible role of trophoblastic matrix metalloproteinases (MMPs) in prolactin fragmentation. These 

insights may offer new perspectives for future PPCM treatment policies. Fundamental and clinical 

investigation of rare diseases may bring to light pathophysiological mechanisms that might also play 

a role in other, more prevalent diseases. In addition, our attention has been drawn to the modulating 

role of 16 kDa prolactin fragments to endothelial dysfunction in preeclampsia.

PPCM and current treatment
The estimated PPCM prevalence is 1 per 3000 to 1 per 4000 pregnancies in the USA, but in other parts 

of the world, such as West Africa and Haïti, this disease is more prevalent [3]. It presents clinically 

in the last months of pregnancy and sometimes only in the first months after delivery as an acute 

dilating cardiomyopathy, leading to severe impairment of ventricular function and cardiac failure. 

Therefore, PPCM has serious maternal consequences in terms of risks of mortality and severe physical 

disability. The final diagnosis is made after exclusion of other causes that may lead to a similar clinical 

syndrome [1,4].

Overall mortality in women suffering from PPCM is close to 20%. Less than half of the patients who 

present with an ejection fraction of 25% or more will fully recover. An even worse prognosis with 

extended hospitalization and increased mortality is seen for those patients who have persistent reduced 

ventricular function more than 6 months after delivery.

The risk of PPCM recurrence in a subsequent pregnancy is high; in a retrospective cohort study of 

44 women with PPCM in their medical history, almost 30% developed symptoms of heart failure in 

a subsequent pregnancy and almost 7% eventually died [5]. Even so, despite counseling women for 

the high chance of an adverse outcome, a next pregnancy remains under consideration by some of 

these patients [3,4]. Nowadays, only symptomatic treatment is available, consisting of supportive 

hemodynamic therapy with intravenous preload and afterload reducing agents or inotropic agents, 

diuretics and β-blockers. The combination of a dilated heart and the rapidly deteriorating cardiac 

performance often results in intraventricular development of thrombi, which can result in embolization 

and arterial occlusions of the lower extremities and parts of the brain. Prophylactic use of anticoagulant 

drugs, e.g. low molecular weight heparins (LMWH), has therefore been advocated [3,4].
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Possible relation between PPCM and preeclampsia
Although PPCM is associated with increased preconceptional age, African origin, non-Caucasian 

ethnicity, poverty, multiparity, twin-pregnancy, prolonged use of tocolytic agents, and co-existence 

of preeclampsia, a number of studies have failed to associate these conditions with the a priori risk of 

PPCM, and a causal relationship has been disputed previously by several authors [1,3,4,6,7].

In fact, the etiology of PPCM is not well understood; viral antigens, an abnormal immune response to 

pregnancy, an abnormal response to hemodynamic stress, increased Gq-related myocyte apoptosis, 

cytokine-mediated inflammation, nutritional state, and a certain genetic predisposition may all play 

a role [1]. Although several molecular pathways have been proposed to explain PPCM, no overall 

concept exists, and we do not know who is at risk or how to prevent it. The same holds true more 

or less for preeclampsia [8]. In this review, we focus on recent studies that assign a key role to the 

generation of cardio- and endotheliotoxic 16 kDa prolactin fragments in the intricate pathophysiology of 

PPCM. Subsequently, we suggest that the same molecular pathway might contribute to the generalized 

endothelial dysfunction in severe preeclampsia.

Prolactin and cardiovascular disease
The principal function of prolactin is to ensure lactation. Its physiological function outside pregnancy and 

the lactation period, if any, is unclear, especially in humans. Recent observations suggest that prolactin, 

either in excess or at physiological levels, might contribute to the pathogenesis of cardiovascular 

disease [9-12]. Whether prolactin and/or its fragments are indeed involved in the evolution of human 

atherosclerosis and its atherothrombotic complications is currently the focus of our research group, 

which contains the theme of cardiovascular endocrinology [13,14].

Regulation of prolactin production
Prolactin is synthesized and secreted by lactotrophic cells in the anterior pituitary gland in a circadian 

pulsatile rhythm with the highest levels in the early morning [15]. Pituitary secretion of prolactin 

is under inhibitory control of dopaminergic circuits that originate in the hypothalamus. Therefore, 

emotional and physical stress and certain centrally acting pharmacological agents (e.g. serotonin 

inhibitors), can raise prolactin levels in the circulation. Levels of prolactin vary in non-pregnant women 

between 4.0 and 25 μg/l [16]. In the course of pregnancy, prolactin attains serum peak levels that are 

close to 250 μg/l, implying a twenty-fold increase compared to reference values before pregnancy.

During pregnancy, prolactin stimulates the maturation of the presecretory lobulo-alveolar system in 

the breasts, preparing the female body for lactation. After delivery, prolactin promotes galactopoiesis 

and the initiation of lactation [17]. Paradoxically, plasma prolactin concentration decreases markedly 

within several hours after delivery, even in women who are breastfeeding [18]. During lactation, extra 

pulsatile bursts of pituitary prolactin secretion occur in response to suckling. Kauppila and co-workers 

found that a woman with an isolated prolactin deficiency failed to lactate after two uncomplicated 

pregnancies, establishing the absolute necessity of pituitary prolactin production for lactation, but 

not for successful pregnancy outcome [19].

There are also multiple sites of extrapituitary prolactin release, such as lymphocytes, adipose tissue, 

myometrium, breast, prostate, and the decidualized endometrium in case of pregnancy [20]. The 

decidua even produces large amounts of prolactin that preferentially enters amniotic fluid, but little 

or none enters maternal blood. The main source of maternal prolactin serum levels is the anterior 

pituitary gland. At the extrapituitary sites, prolactin production and secretion is independently regulated 

by local factors [20]. Prolactin produced in the decidua may regulate immunological functions at the 

feto-maternal interface, placental angiogenesis, and amniotic fluid volume homeostasis [20]. This is 

a classical example of paracrine function between maternal and fetal tissues.

With regard to placental angiogenesis and endothelial cell proliferation, the intact, full-length, prolactin 

protein can enhance angiogenesis while the proteolytic 16 kDa fragment can inhibit angiogenesis [21]. 

In humans, several prolactin receptors have been identified. The long prolactin receptor isoform induces 

cell proliferation and cell survival in response to prolactin. The intermediate form is equipotent with 

the long form in mediating cell survival. When short prolactin receptors are co-expressed with the 

long form, they act as dominant negatives [20]. Therefore, the role of prolactin in regulating placental 

vascularisation may vary at different periods of gestation based on the type of receptors expressed 

and the relative form of prolactin present.

Prolactin fragments and PPCM
Upon secretion, either by the pituitary gland or at extrapituitary sites, prolactin has a molecular weight 

of 23 kDa. This full-length prolactin stimulates angiogenesis. However, 16 kDa prolactin fragments 

have the exact opposite effect [22]. Clapp and co-workers defined vasoinhibins as a family of peptides, 

including the 16 kDa fragment of prolactin, with potent anti-angiogenic, vasoconstrictive and apoptotic 

properties [23-25]. A dysbalance between 23 kDa and 16 kDa prolactin, in favor of the latter, can 

promote apoptosis and inhibit angiogenesis [22]. Hilfiker-Kleiner et al. hypothesized that this dysbalance 

may play a detrimental role in PPCM [10,26].

To test this hypothesis, Hilfiker-Kleiner et al. used an experimental model with mice that suffer from 

increased oxidative stress in the heart as a result of a lack of STAT3 in cardiomyocytes [10]. STAT3 is 

involved in protection of the heart from oxidative stress by upregulation of antioxidative enzymes, such 

as reactive oxygen species (ROS) scavenging enzyme and manganese superoxide dismutase (MnSOD) 

[27]. Indeed, these STAT3 null mice, when pregnant, developed a form of heart failure, which closely 

resembles PPCM. The oxidative stress results in increased ventricular levels of cathepsin D, a cardiac 

enzyme capable of cleaving 23 kDA prolactin into its 16 kDa fragments. As expected, higher levels 16 

kDa prolactin were demonstrated in the left ventricle of STAT3 null mice, as compared to wild-type 

mice. In order to lower circulating prolactin levels and its fragments, pregnant STAT3 null mice were 

subsequently treated with bromocriptine, a dopamine receptor agonist that is used in the treatment 

of hyperprolactinemia. Indeed, upon treatment, deterioration of cardiac performance was prevented, 

with a marked decrease in postpartum mortality.

In additional experiments an adenoviral vector expressing human 16 kDa prolactin was injected in 

the left ventricle in pregnant wild-type mice. This resulted in left ventricular dilatation and decreased 
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cardiac function, and immunohistochemistry showed a decrease in left ventricular capillary density [10].

Preliminary data from human studies by the same research group further support their hypothesis 

that 16 kDa prolactin fragments might play a role in the development of PPCM. They found increased 

levels of oxidized low-density lipoprotein, an accepted biomarker for oxidative stress in women with 

PPCM [10]. In line with their observations in mice, elevated cathepsin D activity was also found in 

these patients, and 16 kDa prolactin fragments were generated as well. In healthy pregnant women 

on the other hand, predominantly full-length 23 kDa prolactin was present in the circulation, whereas 

16 kDa prolactin fragments were below the detection limit [10].

Trophoblastic MMPs and proteolytic activity
The central issue in this new pathophysiological concept of PPCM is to identify the source of proteolytic 

activity leading to prolactin fragmentation. Until now, investigators have focused on myocardial 

cathepsin D. However, we think that the source of proteolytic enzymes does not necessarily have to 

be the heart itself. Instead, we argue that MMPs of trophoblastic origin deserve special attention. MMPs 

are a family of proteolytic enzymes that are involved in the remodeling and physiological homeostasis of 

the extracellular matrix [28]. Indeed, baseline serum MMP-2 levels have been shown to be significantly 

higher in 43 PPCM patients compared with 20 pregnant controls [29]. This suggests a role of MMPs in 

the pathophysiology of PPCM, possibly, so we hypothesize, through prolactin fragmentation.

In normal pregnancy, cytotrophoblastic cells produce MMPs which are involved in the physiological 

trophoblastic invasion of the maternal-placental vascular bed in early pregnancy [30,31]. We 

hypothesize that their action may be direct and/or indirect, since MMPs are also capable of cleaving 

full-length prolactin into 16 kDa prolactin fragments: MMP-1, MMP-2, MMP-3, MMP-8, MMP-9 and 

MMP-13 produced and secreted by chondrocytes, have been shown to be able to cleave human 

prolactin into biologically functional 16 kDa fragments [32]. We propose that trophoblastic MMP 

activity and decidual prolactin production may lead to local prolactin proteolysis, resulting in 16 kDA 

fragments at the feto-maternal interface, thereby modulating trophoblastic ingrowth in the spiral 

arteries (Figure). This physiological process may become pathological when the production of prolactin 

fragments is elevated, since these endotheliotoxic fragments might enter the maternal circulation with 

detrimental effects for the maternal heart.

MMP activity as a modulator of both preeclampsia and PPCM
The same molecular pathway could play a role in preeclampsia, explaining the epidemiological 

association between preeclampsia and PPCM. The idea that prolactin is involved in the etiology of 

preeclampsia is far from new: Already in 1975 it was suggested that either elevated prolactin levels, 

or an increased responsiveness to normal prolactin levels, could play a key role in the pathogenesis 

of preeclampsia, since it was known that prolactin could elevate arterial pressure [33]. The idea that 

predominant decidual production of 16 kDa prolactin contributes to the etiology of preeclampsia 

is not novel either: Parra et al. argued that immune maladaptation to pregnancy may contribute to 

predominant decidual production of 16 kDa prolactin [34].

Figure. Hypothesis: prolactin fragments generated by MMPs modulate PE and PPCM.

Preeclampsia often arises from pre-existing vascular compromise [35,36]. The established root-process 

in the development of preeclampsia is inadequate trophoblast invasion in the spiral arteries in early 

pregnancy [37]. All subsequent clinical symptoms characterizing preeclampsia, such as hypertension, 

edema, proteinuria, liver and kidney damage, eclamptic seizures, and coagulopathy, ultimately 

result from generalized endothelial lesions [35]. The impairment of trophoblast invasion may involve 

MMPs. Despite the discrepancies across studies discussing MMP levels and activity in association 

with preeclampsia, a growing body of evidence demonstrates that MMPs do play a role in mediating 

vasodilatation and reducing myogenic tone in pre-eclamptic women [38]. MMP activity is predominantly 

modulated by specific tissue inhibitors of MMPs (TIMPs). The balance between MMPs and TIMPs is likely 

to play an important role in the remodeling of uterine arteries in pregnancy, and it may contribute to 

the maintenance of vasodilatation in later pregnancy. Recently it was shown that MMP-2 and TIMP-1 

values are significantly higher in preeclampsia [39]. Another study confirms that plasma MMP-2 levels 

are significantly elevated in preeclamptic women elevated at 22 weeks of pregnancy (p=0.02) and at 

diagnosis (p=0.003). However, in this study, there were no significant differences in the expression of 

MMP-9 between the groups at the gestational time points analyzed [40]. In contrast, Poon et al. did 

find increased levels of MMP-9 in pregnancies developing preeclampsia [41].
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Although the exact role of MMPs in the pathophysiology of preeclampsia is still unclear, the majority 

of recent literature suggests that enhanced MMP activity may be related to preeclampsia. Therefore, 

we propose that MMPs may be involved in the pathophysiology of preeclampsia, either directly, or 

indirectly, via proteolysis of full-length prolactin. We think that increased MMP levels may lead to a 

dysbalance between full-length prolactin and 16 kDA fragments, which could explain both inadequate 

early placentation and the later occurring endothelial dysfunction that is central to the pathophysiology 

of preeclampsia. The finding of elevated levels of 16 kDa prolactin fragments in the circulation, urine, 

and amniotic fluid of preeclamptic women fits in this model [42]. Thus, elevated MMP activity might play 

a similar role in the development of preeclampsia as in PPCM; consequently, the reported association 

between the two disease entities does not necessarily need to be causal. Instead, we hypothesize that 

both diseases are aggravated by prolactin proteolysis through trophoblastic MMP activity. We suggest 

that, in women with PPCM, besides cathepsin D secretion by the maternal heart, the impaired placental 

circulation might serve as an additional source of proteolytic activity (i.e. MMP secretion), leading 

to generation of 16 kDa prolactin fragments, subsequently deteriorating cardiac condition in PPCM 

patients (Figure). In line with this, placental 16 kDa prolactin fragments, generated by trophoblastic 

MMPs, could aggravate endotheliopathy in preeclamptic women (Figure). Variation at the level of the 

genome may lead to inter-individual variation in MMP protein activity, explaining why only a small 

minority of pregnant women, even if complicated by preeclampsia, develop PPCM [43]. We postulate 

that this genomic variation could also play a role in preeclampsia, however, the MMP activity needed 

to modulate PPCM may not be as high as for PPCM, explaining why preeclampsia may be a more 

frequently occurring disease.

In conclusion, we propose MMP-induced prolactin fragmentation as a modulator in the development 

of both PPCM and preeclampsia. To actually test this hypothesis, it would be necessary to isolate 

MMPs from trophoblasts of women suffering from PPCM and/or preeclampsia. Subsequently, we 

would need to evaluate whether MMPs isolated from these trophoblasts are capable of cleaving 

human full-length prolactin into 16 kDa prolactin. At the same time, expression of prolactin in these 

placentas should be confirmed. It has already been shown that the serum, urine, and amniotic fluid 

obtained from women with severe preeclampsia contain significantly higher levels of 16 kDa prolactin 

compared to the biological fluids of normal pregnant women [42]. Furthermore, serum levels of 16 

kDa prolactin are elevated in PPCM patients [10]. We recognize that isolation of trophoblastic MMPs 

would be an extremely difficult task.

Possible clinical implications and future research
These new insights might provide clinicians with new treatment options for PPCM and possibly even 

for preeclampsia. As described above, preliminary observations in both mice and humans suggest 

cardio-endotheliotoxic effects of 16 kDa prolactin fragments. In line with these observations, although 

still in an experimental setting, lowering of prolactin levels per se might contribute to better outcomes 

for PPCM patients. And, given the high recurrence rate of PPCM, dopamine receptor agonist therapy 

might become part of future preventive strategies. The underlying idea is that lowering full-length 

prolactin levels will also reduce proteolysis into prolactin fragments. A few case reports described 

dramatic improvement in cardiac function of PPCM patient after treatment with dopamine agonists 

[26,44-46]. A small clinical intervention study (n=12) provided additional support for the prolactin-PPCM 

hypothesis; in women with a PPCM history prophylactic treatment with bromocriptine until 3 months 

postpartum preserved normal heart function in six patients, whereas left ventricular ejection fraction 

in the six control patients, who only received standard supportive therapy, did deteriorate and three of 

these women died [10]. In the intervention group (n=6), prolactin levels returned to non-pregnant levels 

within 14 days of bromocriptine treatment and left ventricle function was preserved. All six patients 

survived during four months follow-up. These promising results of animal and human experiments, 

all by one group, will have to be reproduced by other, independent researchers before drawing any 

definitive clinical conclusions. 16 kDa prolactin fragments have been shown to be increased in the 

serum, urine, and amniotic fluid of preeclamptic women, suggesting that these fragments contribute 

to the endothelial cell dysfunction that characterizes this disease [42]. Whether preeclamptic women 

will benefit from prolactin lowering therapy has not been investigated yet. 

It should be emphasized, that the safety-profile and effectiveness of dopamine receptor agonists 

in human PPCM treatment has not yet been established sufficiently. In the standard treatment of 

hyperprolactinemia with bromocriptine, several rare but serious adverse events have been reported 

including psychosis, myocardial infarction, possibly due to coronary vasoconstriction, strokes and 

maternal hypertension [1]. For this reason, the US Food and Drug Administration does not allow 

bromocriptine anymore for the suppression of lactation in the postpartum period. The alternative 

cabergolin is similarly disadvised; cabergolin is not the first choice in most international guidelines 

for the treatment of prolactinomas in pregnancy and a high dose of cabergolin for suppression of 

lactation has been associated with cardiac valvular disease and cardiac outflow disturbances [47]. 

However, these rare complications do not necessarily preclude the potential use of dopamine receptor 

agonists for life-threatening diseases such as PPCM and/or severe early onset preeclampsia, provided, 

of course, that the benefits are clear.

In conclusion, it may be difficult to really test the hypothesis that trophoblastic MMPs and prolactin 

fragments indeed play a role in PPCM and preeclampsia. Nonetheless, the hypothesis may open a new 

field of research, both fundamental and clinical, and to our opinion it seems worthwhile to explore 

whether PPCM patients or severely ill preeclamptic women will benefit from prolactin lowering therapy.
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ABSTRACT

Platelets play an important role in the development of plaque formation and in the 

events after rupture of the atherosclerotic plaque, leading to atherothrombosis. Multiple 

hormones, either in excess or when deficient, are involved in the development of 

atherothrombotic disease, but, to which extent such hormones affect platelet function, 

is still controversial. It was the objective of this study to assess the ability of the pituitary 

hormone prolactin to affect platelet functions. 

Venous blood was collected from six healthy males. Platelet activation was studied by (i) 

flow cytometry in whole blood (exposure of P-selectin as a measure of platelet secretion, 

and binding of PAC-1 as a measure of ligand-binding conformation of αIIbβ3), and by (ii) 

optical aggregation and whole blood aggregation. All studies were performed without 

and with exposure to several concentrations of ADP (0.1, 0.5 and 1.0 μM) and prolactin 

(50 and 1,000 μg/l). The presence of the prolactin receptor was investigated by Western 

blot and flow cytometry. 

In response to either 50 or 1,000 μg/l prolactin, no evidence of platelet activation or 

aggregation was found. In addition, ADP-induced platelet activation or aggregation 

was not enhanced by prolactin. Finally, prolactin receptors could not be detected on the 

surface of platelets. The present data indicate that prolactin does not directly modulate 

platelet function.

INTRODUCTION

Elevated levels of the pituitary hormone prolactin have been reported in patients suffering from 

either stroke or an acute coronary syndrome. Also, hyperprolactinemic patients often have increased 

levels of risk factors known to contribute to the development of atherothrombosis, such as insulin 

resistance and impaired endothelial function [1-3]. Moreover, several types of cells involved in the 

atherothrombotic process, e.g. endothelial cells, natural killer cells and lymphocytes, express functional 

prolactin receptors [4-7]. In fact, it has been shown that prolactin triggers migration of macrophages 

and stimulates proliferation of smooth muscle cells [8,9]. Overall, these findings suggest that prolactin 

may play a role in atherothrombosis through effects at multiple levels of atherogenesis and thrombus 

formation.

Platelets are involved in the development of plaque formation and rupture, and are an important 

source of inflammatory mediators and matrix metalloproteinases [10,11]. To which extent prolactin 

might activate human platelets, and whether such activation would contribute to the development 

of atherothrombosis, however, is controversial. Wallaschofski et al. have reported that prolactin by 

itself does not activate human platelets, but can enhance platelet activation in a synergistic fashion 

with ADP [12]. Furthermore, these authors showed that a correlation exists between plasma levels 

of prolactin and ADP-induced platelet activation in subjects with high levels of prolactin, including 

pregnant women and patients with pituitary tumors [13]. In contrast, Atmaca et al. found no association 

in pregnant women between levels of prolactin and platelet function. These investigators could not 

show any relationship between the levels of prolactin and β-thromboglobulin, an overall measure of 

the platelet activation status in vivo [14]. These data, taken together, demonstrate that the role of 

prolactin in human platelet biology is unclear. To investigate this further, we evaluated the effects of 

prolactin on human platelet activation and aggregation in an ex vivo model. 

METHODS

Blood collection and isolation of human platelets 
The study was performed in accordance with ethical principles that have their origin in the Declaration 

of Helsinki and are consistent with ICH/Good Clinical Practice. All participants provided informed 

consent. Healthy normoprolactinemic male subjects (n=6), who denied to have taken any medication 

during the previous 10 days, were recruited by advertisement between January 2008 and March 2008. 

Their prolactin levels were 4.6 ± 1.2 μg/l (mean ± SD). Venous blood was collected from the antecubital 

vein with minimal venous occlusion into 1/10th volume of 10.9 mM tri-sodium citrate (BD Biosciences, 

San José, CA, USA) from fasting subjects, before 11.00 a.m. Platelet-rich plasma (PRP) was obtained 

by centrifugation for 15 minutes (min) at 180g (20°C).
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Reagents
For detection of platelet activation by flow cytometry, thrombin receptor activating peptide (TRAP, 

SFLLRN) was obtained from Bachem AG (Bubendorf, Switzerland) and adenosine diphosphate (ADP) 

was purchased from Sigma (St Louis, MO, USA). Human recombinant prolactin was either purchased 

from Sigma (St Louis, MO, USA) or prepared by the Inserm lab (V. Goffin) as previously described (15). 

Results shown in this paper were obtained using the latter prolactin. Phycoerythrin (PE)-labelled CD62P, 

clone CLB-thromb/6, isotype IgG1, was obtained from Immunotech, Beckman Coulter (Fullerton, CA, 

USA). Allophycocyanin (APC)-labelled CD61, clone Y2/51, isotype IgG1, was from DakoCytomation 

(Glostrup, Denmark). Fluorescein isothiocyanate (FITC)-labelled anti-PAC1, clone PAC1, FITC-labelled 

IgM and PE-labelled IgG1, clone X40, isotype IgG2bκ, clone MCP-11, and anti-mouse IgG2bκ-FITC, clone 

R12-3, were obtained from BD Biosciences. The monoclonal antibody directed against the extracellular 

domain of the human prolactin receptor, clone 1A2B1, isotype IgG2bκ, was obtained from Zymed, 

Invitrogen Corporation (Carlsbad, CA, USA).

Whole blood flowcytometry (platelet activation status)
Dilutions of prolactin were prepared in HEPES-buffer (NaCl 137 mM, KCl 2.7 mM, MgCl2 1 mM, 

HEPES 20 mM, NaH2PO4 3.3 mM, bovine serum albumin 1 g/l, D-glucose 5.6 mM, pH 7.4). Citrate 

anticoagulated whole blood (300 μl) was diluted with 300 μl pre-warmed (37oC) saline 0.9 % (according 

to the manufacturers’ instruction) and pre-incubated for 5 min with prolactin (50 and 1,000 μg/l final 

concentration) at 37°C and stirred at 900 rpm in a whole-blood aggregometer. From this diluted blood, 

5 μl was added to 35 μl HEPES buffer, containing prolactin (final prolactin concentration 50 or 1,000 

μg/l). Subsequently, CD61-APC was added, in combination with either CD62P-PE and anti-PAC1-FITC, or 

with IgG1-PE and IgM-FITC, without or with ADP (0.1, 0.5 or 1.0 μM). Maximum platelet activation was 

determined in the presence of TRAP (final concentration 15 mM) without prolactin. After incubation 

for 30 min, activation was terminated by addition of 2.5 ml 0.3% paraformaldehyde-containing HEPES-

buffer. Flow cytometry was performed on a Calibur flowcytometer (Becton Dickenson) by counting 

in a life gate for 5,000 CD61-APC positive events. Data were analyzed by Cellquest Pro (version 4.02) 

(Becton Dickinson).

Optical aggregation
Optical platelet aggregation was performed on the aggregometer AGGRAM (Helena Laboratories Corp, 

Beaumont, TX, USA) at 800 rpm and 37°C according to the manufacturers’ instruction. PRP was pre-

incubated for 5 min with prolactin (50 or 1,000 μg/l final concentration) under stirring conditions, 

before addition of ADP (0.1, 0.5 or 1.0 μM final concentration). Maximum platelet activation was 

determined in the presence of TRAP (15 μM) without prolactin. Recordings were stopped after 10 min.

Whole blood aggregation
Whole blood aggregation was performed on a whole blood platelet function analyzer Multiplate from 

Dynabyte GmbH (Munich, Germany) by the impedance method. Citrate anticoagulated whole blood 

(300 μl) was diluted with 300 μl pre-warmed (37°C) saline 0.9 % (according to the manufacturers’ 

instruction) and pre-incubated for 5 min with prolactin (50 or 1,000 μg/l final concentration) at 37°C 

and stirred at 900 rpm. Induction of aggregation by addition of ADP and determination of maximum 

platelet aggregation with TRAP was performed as mentioned above (optical aggregation). Recordings 

were stopped after 5 min.

Statistics
Data were analyzed by two-tailed Student t-test (GraphPad Prism Software version 5.0; GraphPad 

Software, Inc, CA, USA). A probability value of <0.05 was considered to confer statistical 

significance.

Western blot
PRP from all volunteers was centrifuged at 800g for 20 min, at 20°C. Platelets were resuspended in 

phosphate-buffered saline (PBS) with ACD (trisodium citrate 85 mM, citric acid 71 mM, D-glucose 110 

mM; 1:5 v/v). After centrifugation (20 min 800g), platelets were resuspended in PBS and diluted in 

two-fold concentrated Laemmli buffer containing β-mercaptoethanol, final average concentration was 

0.1x106 cells/μl, and we loaded 3.5 x106 cells per lane. Lysates from both the human breast cancer 

cell line MCF7 (1.0 x106 cells per lane) and transfected human embryonic kidney cells (HEK293) (0.50 

x106 cells per lane) stably expressing the long isoform of the human prolactin receptor [16,17] were 

used as positive controls.

Proteins were separated on a 10% SDS-PAGE gel and transferred to nitrocellulose membrane (Biorad, 

Hercules, CA, USA). After blocking (1 hour at room temperature) in TBS-Tween 0.01% (NaCl 137 mM, 

Tris-HCl 20 mM; pH 7.6) containing 5% (w/v) non-fat milk, membranes were incubated with a mouse 

monoclonal antibody directed against the extracellular domain of the human prolactin receptor (Zymed 

Laboratories-Invitrogen Immunodetection, 35-9200, 1:1,000 v/v) overnight at 4°C. After washing 

with TBS-Tween, membranes were incubated with anti-mouse antibody conjugated to horseradish 

peroxydase (GE Healthcare, NXA931; 1:4,000 v/v), for 1 hour at room temperature. All antibodies were 

diluted in TBS-Tween containing 3% bovine serum albumin (Sigma) (w/v). Immunoreactive proteins were 

detected using an Enhanced Chemiluminescence Detection System (ECL Western blotting detection 

reagents Amersham).

Flowcytometric detection of the prolactin receptor
To validate the detection of the prolactin receptor by flow cytometry, we used MCF7 cells, a human 

breast cancer cell line, as positive control, since MCF7 cells constitutively express and expose the 

prolactin receptor [16]. To detect the prolactin receptor in lysates of MCF7 cells and platelets, an 

antibody was used that is directed against the extracellular domain of the human prolactin receptor. 

Confluent MCF7 cells were detached by adding EDTA 2 mM (pH 7.4). Cells were washed two times 

in 25 ml PBS-BSA 0.5% and centrifuged (10 min, 180g). After the second centrifugation, cells were 

resuspended in 2 ml PBS-BSA (0.5% w/v), and aliquots of 50 μl were incubated with either anti-human 
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prolactin receptor antibody (Zymed) or the IgG2bκ isotype control (1:50 v/v final concentration) for 30 

min (4°C). After labeling, aliquots were washed in 1 ml PBS-BSA 0.5% and centrifuged (10 min, 180g). 

The remaining volume of approximately 50 μl, containing the cell pellet, was incubated with anti-mouse 

IgG2bκ-FITC labeled antibody for 30 min at 4ºC. Subsequently, aliquots were centrifuged (3 min, 390g) 

and 300 μl PBS-BSA 0.5% was added to end the incubation. 

PRP was prepared as previously described. 200 μl PRP was incubated for 30 min at room temperature 

with either antihuman prolactin receptor antibody or the IgG2bκ isotype control (1:50 v/v final 

concentration), in the absence or presence of ADP (10 μM final concentration), TRAP (15 μM final 

concentration). After incubation, 1 ml HEPES buffer (pH 7.4) and 0.2 ml ACD was added and the mixture 

was centrifuged for 20 min (800g, 20°C). Supernatant was discarded. Platelets were resuspended in 

a total volume of 200 μl HEPES buffer. Aliquots of 50 μl were added to the following combinations of 

antibodies (5 μl per antibody): CD61-APC plus CD62P-PE or IgG1-PE, in addition 5 μl of anti-mouse 

IgG2bκ-FITC-labelled antibody was added to all tubes. After 30 min of incubation at room temperature, 

1 ml of HEPES buffer was added to all tubes. Flow cytometry was performed on a Calibur flowcytometer 

by counting in a life gate for 5,000 CD61-APC positive events. Data were analysed by Cellquest Pro 

(version 4.02).

RESULTS

Effect of prolactin on platelet activation
To study the effects of prolactin on platelet activation, in a first set of experiments, platelets were 

incubated with prolactin in the absence or presence of various concentrations of ADP. Arbitrarily, a 

fluorescent threshold was set to distinguish platelets exposing P-selectin (activated platelets) from 

platelets not or hardly exposing P-selectin (non-activated platelets). Figure 1A shows flowcytometric 

dot plots of platelet P-selectin in the absence of prolactin, ADP or TRAP. Figure 1B shows the exposure 

of P-selectin on TRAP (15 μM)-activated platelets (positive control). When platelets were incubated 

with a high physiological or supra-physiological concentration of prolactin (50 μg/l and 1,000 μg/l, 

respectively), no increase in exposure of P-selectin was observed (Figure 1C and D), indicating that 

prolactin by itself does not activate platelets. Since prolactin alone did not trigger exposure of P-selectin, 

we tested its ability to enhance platelet activation triggered by various concentrations of ADP. Figure 

1E shows that ADP alone (0.5 μM) triggered a modest exposure of P-selectin, which was not enhanced 

by prolactin (1,000 μg/l) (Figure 1F). 

Overall data with regard to exposure of P-selectin and binding of PAC-1 are summarized in Figure 2A 

and 2B, respectively. Platelet activation with TRAP was arbitrarily set at 100% per each volunteer. 

Addition of either 50 or 1,000 μg/l prolactin alone, i.e. in the absence of ADP, induced no platelet 

activation as measured by the percentage exposure of P-selectin (mean ± SEM of column) (Figure 2A) 

or binding of PAC-1 (Figure 2B). Whereas platelet activation increased upon incubation with increasing  

Figure 1. Effect of prolactin on platelet activation (exposure of P-selectin). Representative data of one donor. Flow 
cytometric dot plots showing exposure of P-selectin in the absence of prolactin and ADP (A), in the presence of 15 µM TRAP 
(B), 50 µg/l prolactin (C), 1,000 µg/l prolactin (D), or 0.5 µM ADP in the absence (E) or in presence of 1,000 µg/l prolactin (F).

concentrations of ADP, neither the exposure of P-selectin (Figure 2A) nor the binding of PAC-1 (Figure 

2B) was further enhanced upon co-incubation with prolactin. From Figure 1 and 2 it is concluded that 

prolactin by itself or in the presence of ADP does not affect (additional) platelet activation.
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7Figure 2. Effect of prolactin on platelet activation (exposure of P-selectin or binding of PAC-1, respectively). Data from 
all donors analysed. Flow cytometric data from all experiments, showing exposure of P-selectin (A) or binding of PAC-1 
(B). Addition of either 50 or 1,000 µg/l prolactin alone, i.e. in the absence of ADP, induced no platelet activation. Upon 
incubation with increasing concentrations of ADP, exposure of P-selectin and binding of PAC-1 was increased, but this 
exposure was not further enhanced upon coincubation with prolactin. Per ADP concentration, all p-values were > 0.05 for 
the detected difference between bars.

Effect of prolactin on platelet aggregation
To examine whether prolactin affects platelet aggregation, PRP was incubated with prolactin in the 

absence or presence of various concentrations of ADP. Figure 3A shows platelet aggregation without 

any addition, i.e. without addition of either prolactin, ADP or TRAP. Figure 3B shows aggregation upon 

stimulation with TRAP (15 μM; positive control). When platelets were incubated with prolactin alone 

(50 μg/l or 1,000 μg/l), no optical platelet aggregation occurred (Figures 3C and D, respectively). 

Thus, prolactin by itself does not induce platelet aggregation. In line with previous studies, we 

assessed the possibility that prolactin enhances ADP-induced platelet aggregation. Since it is known 

that there is a large variation between individuals in response to ADP-induced platelet activation 

and aggregation, we determined dose-response curves for each individual donor with increasing 

concentrations of ADP (0.1, 0.5 and 1.0 μM). A representative example is shown in Figure 3E and 

3F. Figure 3E shows ADP-induced platelet aggregation in the presence of ADP alone (0.5 μM), i.e. 

in the absence of prolactin, and in the presence of 1,000 μg/l prolactin (Figure 3F), showing no 

additional platelet aggregation.

Figure 3. Effect of prolactin on platelet aggregation (optical aggregation). Representative data of one donor. Optical 
aggregation data from one representative experiment, showing optical aggregation in the absence of prolactin and ADP 
(A), in the presence of 15 µM TRAP (B), 50 µg/l prolactin (C), 1,000 µg/l prolactin (D), or 0.5 µM ADP in the absence (E) or 
in presence of 1,000 µg/l prolactin (F).

Overall data obtained with optical and whole blood platelet aggregation are summarized in Figure 

4A and 4B, respectively (mean ± SEM of column). In conclusion, these data indicate that prolactin 

by itself or in the presence of increasing concentrations of ADP, does not induce or enhance platelet 

aggregation. These data are in line with our finding that prolactin did not induce or enhance the 

binding of PAC-1 (Figure 2B). 

A

B
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7Figure 4. Effect of prolactin on platelet aggregation (optical aggregation and whole blood aggregation, respectively). Data 
from all donors analyzed. Overall data obtained with optical (A) and whole blood platelet aggregation (B) are summarized. 
Addition of either 50 or 1,000 µg/l prolactin alone, i.e. in the absence of ADP, induced no platelet activation. Upon incubation 
with increasing concentrations of ADP, aggregation was increased, but this exposure was not further enhanced upon co-
incubation with prolactin. Per ADP concentration, all p-values were > 0.05 for the detected difference between bars.

Detection of the prolactin receptor on human platelets.
The presence of the prolactin receptor on human platelets was studied by Western blot and by flow 

cytometric analysis. As shown in Figure 5, lysates from both the human breast cancer cell line MCF7 

and transfected human embryonic kidney cells (HEK293), both stably expressing the long isoform of the 

human prolactin receptor [16, 17], displayed a strong band at the expected molecular mass of 95-100 

kDa, corresponding to the prolactin receptor. Otherwise, none of the platelet lysates obtained from 

seven different healthy individuals (lanes 1-7) contained any detectable form of the prolactin receptor.

 

Figure 5. Detection of prolactin receptor by Western 
blot. Lane 1 (MCF7) and lane 2 (HEK293 transfected 
with the long isoforms of the prolactin receptor) 
display a strong band at the expected molecular mass 
(95-100 kDa), corresponding to the prolactin receptor. 
None of the platelet lysates obtained from seven 
different healthy individuals (lanes 1-7) contained any 
detectable form of the prolactin receptor.

In addition, we evaluated whether the prolactin receptor could be identified on the surface of human 

platelets by flow cytometry. First, the ability of the Zymed antibody to detect the prolactin receptor on MCF7 

cells was tested (Figure 6A and B). Arbitrarily, a fluorescent threshold was set to distinguish cells exposing 

the prolactin receptor from cells not or hardly exposing the prolactin receptor. Figure 6B shows that at least 

a large subpopulation of MCF7 cells (50-60%) exposed detectable amounts of the prolactin receptor. As 

shown in Figure 6, neither resting platelets (Figure 6C and D), nor maximally activated platelets (with TRAP; 

Figure 6E and F, respectively) did expose the prolactin receptor. Taken together, it is highly unlikely that 

platelets have a functional prolactin receptor, and that prolactin affects platelet activation or aggregation.

Figure 6. Detection of prolactin receptor by flow cytometry. MCF7 cells with isotype control (A) and MCF7 cells with 
prolactin receptor antibody (B). Resting platelets (C) do not expose the prolactin receptor (D). Upon activation (E), platelets 
do neither expose the prolactin receptor (F).
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B
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DISCUSSION

Our data indicate that prolactin, by itself or in combination with ADP, does not affect platelet activation 

or aggregation in an ex vivo model. In the present experiments we used prolactin from two different 

origins, functionality of which was found to be equivalent using a sensitive cell-based assay involving 

proliferation of lymphoid Ba/F3 cells stably expressing the human prolactin receptor [18] (data not 

shown). The absence of any detectable effect of prolactin was correlated to the fact that we did not 

find any evidence for the existence of a platelet prolactin receptor.

In a previous study, Wallaschofski et al. demonstrated by Western blot that human platelets expressed 

the short isoform of the prolactin receptor [12]. The specificity of the signal detected can be questioned, 

however, since these authors used an antibody raised against the ligand-binding domain of the rat 

prolactin receptor, and this antibody does not cross-react with prolactin receptors from other species 

(Alexis Biochemicals; ALX-803–003-C100, clone T6 product specification sheet). Kawaguchi et al. 

recently showed that human monocytes stained for the prolactin receptor with flow cytometry [19]. 

They used another anti-rat prolactin receptor monoclonal antibody, namely U5, which, according 

to the manufacturer (Affinity Bioreagents; MAI-610), recognizes the prolactin receptor from other 

species, including human. Therefore, we compared the U5 clone and the human receptor-specific 

1 A2B1 clone for their ability to detect the human prolactin receptor by flow cytometry. We first 

used HEK293 cells as an experimental model, as these cells are known not to endogenously express 

the prolactin receptor, but to express high amounts after transfection with an expression plasmid 

encoding the human prolactin receptor. Accordingly, less than 1.0% of parental (untransfected) cells 

stained with either U5 or 1A2B1 antibody, while after transfection, the number of positive cells raised 

up to 6.9% and 21.3% using U5 or 1A2B1 antibodies, respectively (data not shown). In addition, we 

tested the ability of 1A2B1 antibody to detect the prolactin receptor on the human breast cancer 

MCF7 cell line, which constitutively expresses the prolactin receptor [16]. As expected, over 50% of 

the cells stained positively using this antibody (Figure 6A and B). These observations are in analogy 

with a recent study, which identified 1A2B1 antibody as the more specific and reliable to detect the 

human prolactin receptor in breast cancer cell lines using immunohistochemistry [20]. Although it is 

well known that antibodies can be very appropriate for some technical approaches but not for others 

(e.g. immunohistochemistry, flow cytometry, Western blot, etc.), the poor cross-reactivity of U5 with 

the prolactin receptor of human origin reported by Galsgaard et al. may question the specificity of the 

signal reported by Kawaguchi et al. for monocytes (see above). Based on our preliminary data and on 

the literature, we therefore selected 1A2B1 antibody as the most appropriate antibody to detect the 

prolactin receptor in human platelets by flow cytometry.

Previously, elevated levels of prolactin have been reported in patients suffering from atherothrombotic 

disease, such as ischemic stroke, coronary syndromes or venous thromboembolism [1,2]. To which 

extent prolactin is associated with the underlying pathology leading to these disorders, however, is 

unclear. Wallaschofski et al. showed that prolactin might modulate platelet activation in vitro and ex 

vivo [1,2,12,13]. Their results, however, are contradicted by our present data, thus leaving the role of 

platelets as a link between prolactin and atherothrombosis unresolved. 

In order to increase plasma concentrations of prolactin, Wallaschofski et al. mixed citrate whole blood 

of human healthy individuals with hyperprolactinemic plasma samples of pregnant women [13]. The 

pregnant state is characterized by many changes, including substantial hormonal alterations such as 

enhanced prolactin levels. Thus, since plasma samples of hyperprolactinemic individuals have many 

different levels of other hormones, cytokines, growth factors and various circulating factors as well, 

such a procedure does not allow concluding that the effects observed are only due to increased levels 

of prolactin. Our present ex vivo data are in agreement with the study of Atmaca et al., who assessed 

the possible effects of prolactin on platelets by comparing pregnant- and non-pregnant women [14]. 

Despite higher levels of prolactin in pregnant (median 132 μg/l) versus non-pregnant (9 μg/l) women, 

the platelet function - as measured by the Platelet Function Analyser-100 - did not differ between 

the two populations.

An alternative mechanism through which prolactin may affect atherothrombosis is inflammation 

[21]. Several other cell types involved in atherogenesis express functional prolactin receptors. These 

cell types may all differentiate into a more pronounced inflammatory phenotype in the presence of 

higher levels of prolactin [1,5,6,8,22]. Against this background, we hypothesize that prolactin affects 

atherothrombosis by stimulating pro-inflammatory cells.

In conclusion, it is unlikely that prolactin directly affects platelet function. Recently, platelets have 

been implicated to play not only a role in thrombo-embolic disease, but also in the development of 

atherothrombosis through interaction with, for instance, inflammatory cells [23]. With regard to the 

reported association between enhanced levels of prolactin and atherothrombosis, we postulate that 

platelets and prolactin are indeed both involved in this disease. Their involvement, however, is not 

necessarily via a direct prolactin-platelet interaction, but more likely to be mediated by components 

of the immune system [24].
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INTRODUCTION

For decades, lipid accumulation in the arterial wall has been considered to form the core of the 

pathophysiology of atherosclerosis [1]. Currently, however, it is recognized that low-grade chronic 

inflammation, characterized by inflammatory cell infiltration, accumulation of heterogeneous 

macrophage populations, T-cell activation, cytokine production, and cell death, is also an integral 

part of the atherosclerotic process [2]. In fact, all stages of atherogenesis are currently thought to be 

mediated through inflammatory pathways [3].

Besides this low-grade chronic inflammation, various hormonal disturbances have been shown to be 

associated with cardiovascular disease [4]. Whether prolactin is involved in the pathogenesis of human 

atherosclerosis and its atherothrombotic complications is currently the focus of our research [5,6]. 

Recent observations suggest that prolactin, either in excess or at physiological levels, may contribute 

to an atherogenic phenotype. This is based on the finding that hyperprolactinemia is associated with 

impaired endothelial function, decreased insulin sensitivity as well as with low-grade inflammation 

[7,8,9]. In addition, high prolactin levels, but still within the physiological range, were found to be 

correlated to arterial blood pressure, which is a recognized risk factor for cardiovascular disease 

[10,11,12]. Last and most importantly, prolactin has been shown to be correlated to a risk score that 

predicts 10-year cardiovascular mortality (p=0.002) [11].

The principal function of prolactin is to ensure lactation [13]. Its physiological function outside 

pregnancy and the lactation period in humans is yet to be clarified. Animal and cell studies have 

shown that prolactin is a pleiotropic hormone that affects various reproductive and metabolic, but also 

inflammatory pathways [14,15]. In fact, prolactin is widely recognized as an important physiological 

modulator of the immune response [16]. For instance, prolactin stimulates T-cell proliferation [17], 

and it supports interferon-γ production [18]. Furthermore, prolactin has been shown to be involved 

in regulating monocyte/macrophage function in vitro [19,20].

Prolactin is a 23 kDa hormone that binds to the prolactin receptor, which is a member of the cytokine 

receptor superfamily, and exerts its action via several interacting signalling pathways [15]. Various 

isoforms of the prolactin receptor have been identified in several species as a result of alternative 

splicing. In humans, they mainly differ by their cytoplasmic domains, and with the exception of the 

δ S1 isoform, they share an identical extracellular domain [15,21]. In addition to being a classical 

pituitary-secreted endocrine hormone, prolactin is also produced by many extra-pituitary tissues [15]. 

For instance, human lymphocytes synthesize and secrete prolactin [22,23], and express cell surface 

prolactin receptors [24].

The clinical observations which indicate that prolactin may contribute to an atherogenic phenotype 

led us to hypothesize that prolactin may have a direct effect on atherogenesis through activation of 

the prolactin receptor. Therefore, we decided to evaluate whether carotid atherosclerotic plaques 

express the prolactin receptor, and whether this could be validated using in situ hybridization (ISH) 

and immunohistochemistry (IHC). Secondly, we aimed to elucidate whether the ligand prolactin is 

expressed within the atherosclerotic plaque itself. The expression of prolactin and of its receptor in 

ABSTRACT

Atherosclerotic vascular disease is the consequence of a chronic inflammatory process, 

and prolactin has been shown to be a component of the inflammatory response. 

Additionally, recent studies indicate that prolactin contributes to an atherogenic 

phenotype. We hypothesized that this may be the result of a direct effect of prolactin on 

atherogenesis through activation of the prolactin receptor. 

Human carotid atherosclerotic plaques were obtained from patients by endarteriectomies. 

The mRNA of the prolactin receptor, but not of prolactin, was detected in these 

atherosclerotic plaques by quantitative real-time PCR. In situ hybridization confirmed 

the expression of the prolactin receptor in mononuclear cells. Analysis at the protein level 

using immunohistochemistry and immunoelectron microscopy revealed that the prolactin 

receptor was abundantly present in macrophages near the lipid core and shoulder regions 

of the plaques. 

Our findings demonstrate that the prolactin receptor is present in macrophages of the 

atherosclerotic plaque at sites of most prominent inflammation. We therefore propose 

that prolactin receptor signalling contributes to the local inflammatory response within 

the atherosclerotic plaque and thus to atherogenesis.
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investigator. For 11 atherosclerotic plaques, RNA yield was measured by optical density (OD) at 260 nm, 

RNA purity was assessed by determining the OD 260/280 nm ratio (NanoDrop Spectrophotometer), 

and RNA integrity was investigated by assessing the RIN score, using an Agilent 2100 Bioanalyzer 

(Agilent Technologies, Waldbronn, Germany). Supplementary table 1, see section on supplementary 

data given at the end of this article, shows the RNA yield, RNA purity, and RIN score for each plaque. 

For some plaques, RIN scores were not computed by the bioanalyzer because of anomalies of 

baseline and in the 5S-region, indicating degradation of the RNA. We decided to select the best 

samples available: the five included plaques had a 260/280 ratio around 2, and the RNA yield ranged 

from 30 to 115 ng/ml. In addition, RIN scores for these samples varied between 5.5 and 7.0. Equal 

amounts of RNA were used to synthesize cDNA, using oligo-(dT)12–18 and random hexamers as primers, 

and Superscript II reverse transcriptase, according to the manufacturer’s method (Invitrogen). cDNA 

derived from atherosclerotic plaques was diluted 10x, while cDNA from the placenta and pituitary 

was diluted 20x, prior to gene-specific analysis performed on an iCycler MyiQ single-color real-time 

PCR detection system using the iQ SYBR Green Supermix (Bio-Rad Laboratories). Expression levels 

were normalized to those of TATA box binding protein (TBP), porphobilinogen deaminase (PBGD), 

and hypoxanthine-guanine phosphoribosyltransferase (HPRT). The following primer sequences were 

used to detect these reference genes: TBP forward primer 5’-GTTCCAGCGCAAGGGTTTCTGGT-3’, 

reverse primer 5’-GAGTCATGGCA CCCTGAGGGGAG-3’ (NM_003194.4; 234-324); PBGD forward 

primer 5’-CGGCACCCACACACAGCCTA-3’, reverse primer 5’-CCGTCTGTATGCGAGCAAGCTGG-3’ 

(NM_000190.3; 122-241); HPRT forward primer 5’-TGCTGGTGAAAAGGACCCCACG-3’, reverse primer 

5’-TGGCGATGTCAATAGGACTCCAGA-3’ (NM_000194.2; 655-877). Alternative splicing within the coding 

region of the prolactin receptor gene yields mRNA isoforms that, for the majority, differ in length of 

the cytoplasmic domain, i.e. long (NM_000949), intermediate (AF166329), short 1A (AF416619), short 

1b (AF416618), short 1c (GU133399), δ S1 (AF349939), δ 4-SF1b (AF493069), δ 7/11 (AF4924470), and 

δ 4-7/11 (AF493068). Four primer sets were designed to enable detection of all these splice variants, 

set A forward primer 5’-TCATGATGGTCAATGCCACT-3’, reverse primer 5’-GCGTGAACCAACCAGTTTTT-3’ 

(NM_000949; 829-1007); set B forward primer 5’-CAGCACAACCCCAGATCCTC-3’, reverse 

primer 5’-GGCGTATCCTGGTCAGTCTC-3’ (NM_000949; 1797-1983); set C forward primer 

5 ’ -TGCAAACCAGACCATGGATA-3’,  reverse  pr imer  5 ’ -GGAAAGATGCAGGTCACCAT-3 ’ 

(NM_000949;1152-1317); and set D forward primer 5’-TTCTCAACACCTGCCTTCTGAATGTT-3’, 

reverse primer 5’-CCCACTCAGCTGCTTTCTCGGGT-3’ (AF349939; 47-238). Primer sets A-D are 

able to detect the various prolactin receptor mRNA splice variants as detailed in Table 1. In 

addition, the following primers were used: CD68 forward primer 5’-GCTGGCTGTGCTTTTCTCG-3’, 

reverse primer 5’-GTCACCGTGAAGGATGGCA-3’ (NM_001251; 197-307); CCL18 forward primer 

5’-CCCAGCTCACTCTGACCACT-3’, reverse primer 5’-GTGGAATCTGCCAGGAGGTA-3’ (NM_002988; 22-182); 

TNFα forward primer 5’-GGCGTGGAGCTGAGAGATA-3’, reverse primer 5’-CAGCCTTGGCCCTTGAAGA-3’ 

(NM_000594; 515-603); IL10 forward primer 5’-TGCCTTCAGCAGAGTGAAGACTT-3’, reverse primer 

5’-TCCTCCAGCAAGGACTCCTTTA-3’ (NM_000572; 197-277). Primers were purchased from Biolegio 

(Nijmegen, The Netherlands). Data were analyzed using LinRegPCRsoftware, version 11.6.0.0 (http://

carotid atherosclerotic plaques, as obtained by endarteriectomies, was investigated using quantitative 

real-time PCR. In addition, ISH, IHC, and immunoelectron microscopy were used to investigate the 

localization of the prolactin receptor within the plaque.

MATERIALS AND METHODS

Isolation of carotid atherosclerotic arteries and placenta 
Carotid atherosclerotic plaques from male and female patients were obtained by endarteriectomies. 

The aim of carotid endarteriectomy is to prevent the adverse sequelae of carotid artery stenosis 

secondary to atherosclerotic disease (i.e. stroke). In this procedure, the internal, common, and external 

carotid arteries are clamped, the lumen of the internal carotid artery is opened, and the atheromatous 

plaque substance (waste material) is removed. Fresh atheromatous plaque substances were used for 

quantitative real-time PCR (ultimately n=5 donors) and ISH (n=2 donors). The plaques from which RNA 

was isolated were freshly collected at the operation room within 30 min after endarteriectomy. Part 

of the tissue was snap frozen in liquid N2 and was subsequently stored at -80˚C. The other part of the 

tissue was fixed in formalin.

Carotid artery fragments used for IHC were obtained between 1995 and 1998 after endarteriectomy, 

and were routinely fixed in buffered formalin and were paraffin embedded. These atherosclerotic 

plaques were obtained from 25 patients (9 female and 16 male patients). Human placental tissue was 

used as positive control for prolactin receptor expression in quantitative real-time PCR, ISH, and IHC 

experiments. This material was freshly obtained from the obstetric unit (waste material) and either 

kept deep frozen (-80˚C) or embedded in paraffin following routine formalin fixation, depending on 

the experiment. Both placental and human pituitary tissues served as positive controls for prolactin 

expression in quantitative real-time PCR experiments. Pituitary tissue was obtained from the 

Netherlands Brain Bank (NBB), Netherlands Institute for Neuroscience, Amsterdam, the Netherlands. 

All materials have been collected from donors from whom a written informed consent for brain autopsy 

and for the use of the material as deep-frozen (-80˚C) samples and clinical information for research 

purposes had been obtained by the NBB.

RNA extraction and quantitative real-time PCR
The plaques that were used for this study were collected within a time frame of 10 months and were 

stored at -80˚C for not more than 10 months before RNA was extracted. Total RNA was extracted from 

10-µm thick cryosections of placenta, pituitary, and carotid plaques using TRIzol reagent (Invitrogen), 

followed by further extraction using the NucleoSpin RNA II kit according to the manufacturer’s 

recommendations (Macherey-Nagel GmbH, Duren, Germany). This protocol included incubation 

with RNase-free DNase. RNA concentrations were measured using the Nanodrop Spectrophotometer 

(Nanodrop Technologies, Wilmington, DE, USA). Atherosclerotic plaques contain variable amounts of 

necrotic tissue, and endogenous RNA disintegration is expected to occur beyond the control of the 

118 119



Prolactin receptor expression in atherosclerotic plaques

Ch
ap

te
r 

8

pH 9.5, 0.1 M NaCl, 0.05 M MgCl2, and 0.1% Tween-20 (NTM/T). Bound AP activity was visualized 

with nitro blue tetrazolium chloride and 5-bromo-4-chloro-3-indolyl phosphate, toluidine salt (NBT/

BCIP) (Roche), diluted in NTM/T.  Subsequently, the slides were rinsed in tap water and mounted with 

glycergel (Dako, Glostrup, Denmark). All slides were coded and judged by an independent biologist.

Immunohistochemistry 
Paraffin tissue sections (4 µm thick) were cut from placenta and atherosclerotic carotid tissue blocks. 

Tissue sections were dewaxed in xylene and rehydrated in graded alcohols. Endogenous peroxidase 

activity was blocked with methanol plus 0.3% peroxide for 20 min at room temperature (RT)[26]. 

Incubation with 10 mM EDTA (pH 9.0) was performed in the PreTreatment Module (PTModule) (Thermo 

Fisher Scientific/Labvision, Fremont, CA, USA) for 20 min at 98˚C followed by a cooldown to 75˚C. Ultra 

V Block (Thermo Fisher Scientific/Labvision) was applied for 10 min at RT. After blotting, the monoclonal 

primary antibody for the prolactin receptor [27] (mouse IgG2b, clone 1A2B1, Zymed/Invitrogen) was 

diluted (1:500 v/v) with TBS + 1% BSA (TBS/BSA) and incubated overnight at 4˚C. This antibody reacts 

with the long form of the human prolactin receptor and may also identify the human prolactin receptor 

intermediate and δ S1 isoforms (product sheet Zymed/Invitrogen). 

Both placenta and atherosclerotic plaques were also tested with a negative isotype control antibody 

(mouse IgG2b, Dako) applied in a concentration that matched with the prolactin receptor antibody. 

TBS was used for washing (3x2 min) throughout. A three-step HRP polymer technique was applied: 

post-antibody blocking, 1:1 diluted in TBS/BSA (15 min, room temperature) followed by anti-mouse/

rabbit/rat Powervision polymer/HRP (both ImmunoVision, ImmunoLogic, Duiven, The Netherlands), 

1:1 diluted in TBS/BSA (30 min, room temp); HRP activity was visualized with diaminobenzidine (DABC, 

Dako) in 8 min. Sections were counterstained with hematoxylin (Dako) and mounted with VectaMount 

(Vector Labs, Burlingame, CA, USA). 

To reveal the cellular origin of prolactin receptor expression, a sequential double AP staining was 

performed [28] with prolactin receptor antibody and antibodies to CD3 (rabbit monoclonal, clone 

SP7, Thermo Fisher Scientific/Labvision) or CD68 (mouse monoclonal, clone PG-MI, Dako) to detect 

co-localization with T-cells or macrophages respectively. CD3 or CD68 antibody binding was detected 

with an appropriate antimouse or anti-rabbit AP-conjugated polymer (Immuno-Logic), and AP activity 

was visualized using Vector Blue (Vector Labs). After a short 10-min heat step using one of the Tris-

EDTA (pH 9.0) HIER buffer to remove the first set of immunoreagents, but leaving the blue AP reaction 

product unchanged, the prolactin receptor antibody was detected by a second AP staining using Vector 

Red (Vector Labs). Sections were mounted with VectaMount, without a nuclear counterstain. All slides 

were coded and judged by an independent pathologist. 

Spectral imaging
Datasets were acquired from 420 to 720 nm at 20 nm intervals. Spectral library of single Vector Red and 

single Vector Blue was used to unmix the double staining into the individual components. Using the 

Nuance software version 2.9, an exclusive image of prolactin receptor and CD3 or CD68 co-localization 

LinRegPCR.nl) to correct for baseline fluorescence, to estimate the PCR efficiency per amplicon 

(observed PCR efficiencies for each primer set were between 1.7 and 1.9), and to calculate starting 

concentrations per sample (data not shown) [25]. We specifically controlled for possible contamination 

with genomic DNA by applying PCR using primers that were designed to detect a region in chromosome 

11, located in the 50 upstream sequence adjacent to the first exon of the PBGD gene and not being part 

of the transcribed sequence of any known gene (forward primer 5’-ACAGCTGGGGAATGGGGTGGT-3’, 

reverse primer 5’-GAGGTCCCTCCCTCTGGGCG-3’ [NC_000011.9; 118955492-118955569]). PCR for this 

region of chromosome 11 yielded the expected 78-bp amplicon on genomic DNA extracted from a colon 

carcinoma tissue sample. On the other hand, PCR with this primer set on any of the cDNA samples that 

were prepared from RNA isolated from placenta, pituitary, or plaque tissue did not yield a significant 

signal (data not shown). In addition, during cDNA synthesis negative control samples were generated 

in the absence of the Superscript II enzyme (-RT samples). These samples did not show a signal in 

our PCR analysis with the use of three different primer sets (PRLR A, PRL, and HPRT). We therefore 

conclude that the RNA samples were not contaminated by genomic DNA.

Preparation of digoxigenin-labeled cDNA probes and ISH 
A human prolactin receptor-specific digoxigenin (DIG)-labeled riboprobe for ISH was 

prepared. Briefly, cDNA was prepared on total RNA extracted from human placenta 

using random hexamer priming. A 461-bp cDNA fragment (NM_000949; 750-1210) 

was amplified by PCR using 5’-ATTTAGGTGACACTATAGAATGTCCAGACTACATAACC-3’ and 

5’-TAATACGACTCACTATAGGGTATCTGAATGAAGGTCGCT-3’ as forward and reverse primers, of which 

the underlined regions include SP6 and T7 RNA polymerase binding sequences respectively. To enable 

detection of the majority of splicing variants, the primers that we used to develop probes for ISH are 

specific for exon 5 (forward primer) and exon 7 (reverse primer) of the prolactin receptor gene [15]. PCR 

products were cloned and verified for sequence fidelity. In vitro transcription of the purified insert as 

template was performed using SP6 or T7 RNA polymerases and DIG-conjugated UTP (Roche) to produce 

DIG-labeled sense and antisense riboprobes respectively. Using these probes, ISH was performed as 

follows: 8-µm thick sections from formalin-fixed and paraffin-embedded (FFPE) atherosclerotic carotid 

sections were deparaffinized, digested with 20 mg/ml proteinase K (Roche) for 15 min at 37˚C, treated 

with 0.2% glycine (Merck) for 5 min, and postfixed with 2% paraformaldehyde (Merck) and 0.1% 

glutaraldehyde (Merck) in PBS for 10 min. After prehybridization for 1 h at 70˚C, hybridization with 

400 ng/ml DIG-labeled riboprobe in hybridization buffer (50% formamide (Merck), 5x standard sodium 

citrate (SSC) (Invitrogen), 1% blocking reagent (Roche), 5 mmol/l EDTA (Sigma), 0.1% Tween-20 (Sigma), 

0.1% CHAPS (Sigma), 0.1 mg/ml heparin (BD Biosciences, Alphen aan den Rijn, The Netherlands), and 1 

mg/ml yeast tRNA (Invitrogen) was performed at 70˚C O/N. After hybridization, the slides were washed 

with 2x SSC (pH=7), containing 50% formamide at 65˚C, followed by washing with 0.1% Tween-20 in 

Trisbuffered saline (TBS/T). After blocking non-specific binding sites by 2% blocking reagent (Roche) in 

TBS/T, sections were incubated with alkaline phosphatase (AP)-conjugated F(ab) fragments of sheep 

anti-DIG antibody (Roche) at 4˚C for 16 h. The slides were washed with TBS/T and with 0.1 M Tris, 

120 121



Prolactin receptor expression in atherosclerotic plaques

Ch
ap

te
r 

8

primer sets (A-D) (Table 1). Herein, ‘A’ refers to the prolactin receptor amplicon obtained when using 

primer set A; the same holds true for primer sets B, C, and D, respectively. 

Table 1. Four primer sets were designed to enable detection of all nine known human 
prolactin receptor splicing variants. 

Primer sets

Prolactin receptor Isoforms
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- 7
/1

1

A + + + + + - + + +

B + - - - - + - - -

C + + + + + + + - -

D - - - - - + - - -

Specificity of each primer set was verified by PCR of cDNA from placenta and pituitary as positive 

controls, followed by evaluation of the amplicons with the use of gel electrophoresis and melting 

curve analysis (Supplementary Figures 1 and 2, see section on supplementary data given at the end 

of this article respectively).

Atherosclerotic plaques contain mRNA of the prolactin receptor but not of its ligand prolactin, as was 

revealed by quantitative real-time PCR analysis of cDNA from carotid atherosclerotic plaques (Table 

2). Prolactin receptor mRNAs of isoforms, which are detected by PCR using primer sets A-C, and to a 

lesser extent using D, were detected in the plaques. Evaluation of the relative expression levels of the 

various isoforms was beyond the scope of this study. As expected, CD68, CCL18, TNFa, and IL10, four 

markers of inflammatory activity in atherosclerosis, were also expressed in the atherosclerotic plaques, 

indicating that the tissues used for qRT-PCR analysis were harvested from inflammatory sites containing 

a large amount of macrophages, as can be expected from atherosclerotic tissue (data not shown).

as well as fluorescent-like pseudocolored images was created [29]. 

IHC and ISH slides were analyzed by light microscopy (Olympus BX51 microscope, Olympus UPlanFl 

20x/0.5∞/0.017 objective, Olympus DP70 digital camera; Olympus, Zoeterwoude, the Netherlands). In 

addition, double-stained IHC slides were analyzed using light microscopy (Leica DM5000B microscope, 

Leica HC PLAN APO 20x/0.70∞/0.017/C objective; Leica Microsystems, Rijswijk, The Netherlands) and a 

multispectral imaging system and software (Nuance MSI camera, Nuance software vs 2.8.0; Cambridge 

Research and Instrumentation, Inc., Woburn, MA, USA).

Immunoelectron microscopy
Dehydration of the tissue samples was done by means of progressive lowering of temperature in an 

ascending concentration of ethanol and embedded in LR Gold (Polysciences, Warrington, PA, USA). 

Polymerization was carried out at -20˚C under u.v. light for 24 h, following which the blocks were kept 

for an additional 48-72 h at room temperature for polymerization under u.v. light. Sections, 50-70 nm 

thick, were cut and collected on formvar-coated 50-mesh copper grids. Before staining with antibody, 

free aldehyde groups were blocked with 50 mM glycine/PBS. After washing the grids with PBSC0.2% 

BSA-c (Aurion, Wageningen, The Netherlands), incubation with the prolactin receptor antibody was 

performed at RT for 60 min. After washing of the grids, the secondary antibody, Protein-G gold conjugate 

(15 nm 1/70; CMC-Utrecht, The Netherlands) was applied for 30 min. Finally, the grids were thoroughly 

washed with distilled water and lightly counterstained with uranyl acetate (Leica) and lead citrate 

(Leica). Grids were examined in a Philips CM 10 electron microscope.

Statistical evaluation
Detection of the prolactin receptor was scored for the plaques, stained using IHC, as follows: 0= no 

expression, += low expression, ++= medium expression, and +++= high expression. The morphology 

of the plaque was evaluated as well (stable versus non stable), and with a 2-sided P value Fisher’s 

exact test (hereby the expression levels of the prolactin receptor were merged in two groups, 0/+ vs 

++/+++), the significance of the association between these two classifications was examined. The same 

test was used to evaluate whether the extent of prolactin receptor expression was different between 

genders, and whether plaque morphology was related to gender.

RESULTS

Quantitative real-time PCR
RNA was isolated from 11 atherosclerotic plaques. Out of the eleven RNA samples obtained, only five 

were satisfactory for further analysis with quantitative real-time PCR based on their RNA yield, RNA 

purity, and RNA integrity (Supplementary table 1, see section on supplementary data given at the 

end of this article). Detection of all known prolactin receptor isoforms (i.e. long, intermediate, short 

1a, short 1b, short 1c, δ S1, δ 4-SF1b, δ 7/11, and δ 4-7/11) [15,21] was covered with four different 
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In situ hybridization
The DIG-labeled antisense prolactin receptor probe was tested on placental tissue and stained positively 

for the decidua (Figure 1A, blue signal). Negative controls contained ISH with DIG-labeled sense 

riboprobes (Figure 1B), and positive controls included ISH with antisense riboprobes against CTGF 

mRNA, a factor well known to be increased in placenta as well as in atherosclerotic lesions [30,31] 

(data not shown).

Prolactin receptor mRNA was most abundant in the inflamed shoulder regions of atherosclerotic plaques 

(Figure 1C) and appeared to be present mainly within mononuclear cells (Figure 1E, arrows), which may 

represent macrophages. ISH with the DIG-labeled sense control probe did not yield staining (Figure 1D). 

Immunohistochemistry
To investigate the location of the prolactin receptor protein within atherosclerotic plaques, a series 

of carotid atherosclerotic arteries were immunohistochemically stained using a monoclonal antibody 

directed against the human prolactin receptor. This antibody was tested on placental tissue and stained 

positively for decidual cells, with a cell membrane pattern (Figure 2A, brown staining signal). This 

observation was in line with previous findings described elsewhere [27] and with the presence of 

prolactin receptor mRNA in decidua as shown when using ISH (Figure 1A). The placenta tissue was fully 

negative with the isotype control (Figure 2B). Figures 2C-E are representative pictures of the series of 

atherosclerotic plaques stained using the same conditions. Figure 2C shows positive intracellular staining 

for the prolactin receptor within the shoulder region of the atherosclerotic plaque. The corresponding 

isotype negative control is depicted in Figure 2D. Abundant presence of the prolactin receptor is 

observed in a subpopulation of lipid-laden macrophages as displayed in Figure 2E. 

Spectral imaging
To gain information regarding the exact cell types expressing the prolactin receptor in the shoulder 

region of the atherosclerotic plaque, we used spectral imaging for analysis of the prolactin receptor/

T-cell and prolactin receptor/macrophage double staining slides. After unmerging, pseudo-colored 

fluorescent-like images as well as exclusive images of co-localization were obtained. Figure 3A-E show 

minimal co-localization of prolactin receptor and T-cells (identified by CD3 staining), whereas Figure 

3F-J reveal abundant co-localization with a subset of resident region of an atherosclerotic plaque.

Immunoelectron microscopy
Our observation that prolactin receptors are present within intracellular compartments of macrophages 

is in line with another recent study, which reports that the prolactin receptor can be internalized 

and subsequently degraded via the lysosomal pathway [32]. However, the mechanisms of prolactin 

receptor proteolysis remain largely to be determined. To investigate whether a lysosomal localization 

could explain the positive staining for the prolactin receptor within the intracellular compartments 

of macrophages in atherosclerotic plaques, we used immunoelectron microscopy. Figure 4A provides 

an overview of the different organelles within the macrophage, and Figure 4B and C demonstrate 

Table 2. Relative mRNA expression of prolactin receptor primer sets A–D and of prolactin 
in atherosclerotic plaques and in placenta. Expression levels are related to those of reference 

genes PBGD, TBP and HPRT. Data for the first and third columns are presented as median with 

interquartile range (IQR). 

Relative expression to PBGD in 
Atherosclerotic Plaques,  
median (IQR)

Relative expression to 
PBGD in Placenta

Atherosclerotic Plaque/ Placenta 
Ratio for PBGD corrected 
expression, median (IQR)

Primer set

PRLR A 0.22 (0.04 to 0.71) 25.44 0.02 (0.01 to 0.04)

PRLR B 0.56 (0.20 to 1.10) 16.91 0.02 (0.00 to 0.04)

PRLR C 1.33 (0.56 to 3.15) 43.45 0.03 (0.01 to 0.07)

PRLR D 0.02 (0.01 to 0.03) 1.22 0.01 (0.00 to 0.03)

Prolactin 0 0.03 0

Relative expression to TBP in 
Atherosclerotic Plaques,  
median (IQR)

Relative expression to 
TBP in Placenta

Atherosclerotic Plaque/ 
Placenta Ratio for TBP corrected 
expression, median (IQR)

Primer set

PRLR A 0.06 (0.02 to 0.12) 4.15 0.05 (0.02 to 0.06)

PRLR B 0.20 (0.07 to 0.23) 2.76 0.02 (0.01 to 0.04)

PRLR C 0.38 (0.20 to 0.65) 7.09 0.05 (0.03 to 0.09)

PRLR D 0.01 (0.00 to 0.01) 0.20 0.03 (0.01 to 0.04)

Prolactin 0 0.00 0

Relative expression to HPRT in 
Atherosclerotic Plaques,  
median (IQR)

Relative expression to 
HPRT in Placenta

Atherosclerotic Plaque/ Placenta 
Ratio for HPRT corrected 
expression, median (IQR)

Primer set

PRLR A 0.03 (0.00 to 0.05) 8.13 0.00 (0.00 to 0.11)

PRLR B 0.04 (0.01 to 0.93) 5.40 0.00 (0.00 to 0.01)

PRLR C 0.14 (0.02 to 2.21) 13.9 0.01 (0.00 to 0.16)

PRLR D 0.00 (0.00 to 0.01) 0.39 0.00 (0.01 to 0.02)

Prolactin 0 0.01 0
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Figure 2. Immunohistochemical staining of the prolactin receptor. A and B show staining of placenta with an antibody 
directed against the prolactin receptor or an isotype control respectively (brown) (scale bar=100 µm). C shows positive 
staining for the prolactin receptor within the shoulder region of the atherosclerotic plaque (scale bar=200 µm); * indicates 
small vessels and ** represents the necrotic core. In D, the corresponding area of the atherosclerotic plaque is stained 
with an isotype control (scale bar=200 µm). E confirms abundant presence of the prolactin receptor in macrophages (scale 
bar=100 µm); → refers to the fibrotic cap and * represents the necrotic core.

Figure 1. In situ hybridization (ISH) for prolactin receptor mRNA. A shows the results for hybridization with the antisense 
probe directed against prolactin receptor mRNA on placental tissue (positive control, positive staining blue) (scale bar=100 
µm). B shows background staining of the placenta after hybridization with the sense probe (negative control) (scale bar=100 
µm). C shows ISH with the antisense probe for the prolactin receptor mRNA within the shoulder region of the atherosclerotic 
plaque (scale bar=100 µm). D shows the same area of the plaque but hybridized with the sense probe (negative control) 
(scale bar=100 µm). E represents a higher magnification of the shoulder region after ISH with the antisense probe (scale 
bar=50 µm). → refers to the mononuclear cells.

126 127



Prolactin receptor expression in atherosclerotic plaques

Ch
ap

te
r 

8

localization of the prolactin receptor (black particles) in intracellular organelles, with specific enrichment 

in lysosomes (arrows), displaying both a central and a membranous localization in these structures. 

Figure 4. Prolactin receptor immunoelectron microscopy in macrophages is shown. A provides an overview of the different 
organelles that are present within the macrophages (scale bar=5000 nm). B and C indicate that there is specific enrichment 
of the prolactin receptor in lysosomes (arrows), displaying both a central and a membranous localization in these structures 
(scale bar=5000 nm).

Correlation between prolactin receptors and plaque stability
Next, the intensity of prolactin receptor staining was linked to lesion stage of the plaques. 

Atherosclerotic plaques were considered unstable when they contained a thin fibrotic cap and a 

necrotic core, which indicated that the plaques were prone to rupture and thus to subsequently cause 

an ischemic event [33]; 10 plaques were found to be stable and 15 were unstable. We observed that 

plaques with a higher expression of prolactin receptors turned out to be more often unstable

(Figure 5). In fact, the extent of prolactin receptor expression was found to be significantly higher in 

unstable plaques than in less advanced stable lesions (p=0.04; Supplementary Figure 3, see section 

on supplementary data given at the end of this article).

We also analyzed the expression of prolactin receptors in male versus female patients, and we observed 

that the expression of prolactin receptors was higher in atherosclerotic plaques obtained from male 
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does not allow us to draw firm conclusions about gender-specific expression of the prolactin receptor 

in atherosclerotic plaques, although our data suggest it could be higher in men.

Alternative splicing generates multiple prolactin isoforms, as we indicated in Table 1, and the length 

of their intracellular domain classifies these isoforms. The prolactin receptor has been shown to be 

ubiquitously expressed in human tissues, with the ratio of isoforms varying among tissues, each with a 

potential for unique signalling [15,21]. The observations in our study are descriptive; therefore we can 

only speculate on the functional role that the prolactin receptor may have in atherosclerotic plaques. 

The abundance of prolactin receptors therein suggests that prolactin might be able to modulate the 

atherosclerotic process. Prolactin is widely accepted as an important physiological modulator of the 

immune response [16,18,22]. In addition, atherosclerosis is now recognized as a chronic low-grade 

inflammatory condition of the vessel wall, characterized by infiltration of macrophages and T-cells, 

which interact with one another and with other cells of the arterial wall [2]. Whether activation of the 

prolactin receptor within the atherosclerotic plaque could result in pro- or anti-inflammatory effect 

is beyond our knowledge.

The immunohistochemical analysis of coronary atherosclerotic sections showed that the prolactin 

receptor is highly expressed in advanced atherosclerotic coronary arteries, but not in the absence of 

such lesions, suggesting that this receptor could modulate the atherosclerotic process [6]. However, as 

we reported earlier that systemic prolactin levels are not predictive of coronary artery disease [6], this 

could suggest that the involvement of the prolactin receptor in this process does not require enhanced 

systemic prolactin levels. In the latter study, we speculated that local expression of prolactin leading 

to receptor activation by an autocrine/paracrine loop might be one of the mechanisms involved [6]. 

We here invalidate this hypothesis, as we could not detect any evidence of prolactin expression within 

atherosclerotic plaques using a highly sensitive quantitative real-time PCR approach. This suggests that 

expression of the prolactin receptor in a site where it is normally absent is intrinsically sufficient to 

confer sensitivity to circulating prolactin. Alternatively, prolactin receptors within the atherosclerotic 

plaque could be stimulated by growth hormone (GH), another natural ligand of the prolactin receptor in 

humans [34]. Subtle disturbances in the GH-IGF1 axis are indeed correlated with increased prevalence 

of ischemic heart disease [35].

IHC for the prolactin receptor revealed predominantly cytoplasmic staining of macrophages in 

atherosclerotic plaques, whereas decidual cells in the placenta were stained at the cell membrane. 

The prolactin receptor, being a member of the cytokine receptor superfamily, is known as a single-

pass transmembrane protein [36]. In addition, the prolactin receptor can reside for a large fraction in 

the cytoplasm [37]. Interestingly, internalization of the receptor is stimulated by prolactin, but basal 

internalization can also occur in the absence of prolactin [38]. Downregulation of the prolactin receptor 

is a well-known phenomenon in prolactin-induced signalling, since it leads to less availability of the 

receptor on the surface of the cell to bind prolactin [39]. It is known that ubiquitination of cell surface 

proteins can serve as a pivotal endocytosis signal [40]. Indeed, it has been shown that ubiquitination 

of the prolactin receptor plays a role in the negative regulation of cellular responses to prolactin. Once 

activated, the prolactin receptor is rapidly ubiquitinated, internalized, and degraded primarily via the 

patients than in plaques obtained from female patients (p=0.04; Supplementary table 2, see section 

on supplementary data given at the end of this article). The two classifications ‘plaque stability’ and 

‘gender’ were not associated (p=0.23; Supplementary table 3, see section on supplementary data 

given at the end of this article), suggesting there was no confounding effect from plaque morphology 

on the results in Supplementary table 2.

Figure 5. Immunohistochemical staining of the prolactin receptor in relation to presumed morphological signs of plaque 
instability (semi-quantitative analyses). Each bar in Fig. 5 represents a specific intensity of prolactin receptor staining: 0=no 
expression (five plaques), +=low expression (seven plaques), ++=considerable expression (seven plaques), and +++=extensive 
expression (six plaques). Prolactin receptor expression was associated with lesion stage: high positive staining occurred 
especially in unstable plaques.

DISCUSSION

We seek to define the role of prolactin receptor signalling in atherogenesis. In this study, quantitative 

real-time PCR indicated that several isoforms of the prolactin receptor, but not of prolactin, are 

expressed within human carotid atherosclerotic plaques. ISH analysis and immunohistochemical staining 

of atherosclerotic carotid artery sections showed that the prolactin receptor is highly expressed in 

mononuclear cells within advanced atherosclerotic lesions. With spectral imaging, we could show that 

the prolactin receptor is predominantly detected in macrophages, and to a lesser extent in T-cells. 

With use of immunoelectron microscopy, we assessed the presence of the prolactin receptor within 

lysosomes of macrophages inside the plaques. In addition, a high extent of prolactin receptor staining 

was especially noticeable in morphologically unstable plaques. The small sample size of our experiments 
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lysosomal pathway [32]. In this study, we indeed found, by using immunoelectron microscopy, that 

prolactin receptors are particularly enriched within the lysosomal compartment of macrophages of 

the plaque. This may result from internalization of the receptors, which supports the concept that 

prolactin receptor activation can occur within the atherosclerotic plaque and that activation of the 

prolactin receptor pathway may contribute to the inflammatory response. 

Based on the available literature and our current results, we propose that prolactin plays the 

following role in the pathophysiology of atherosclerosis: increased prolactin receptor signalling within 

macrophages inside the atherosclerotic plaque may aggravate local inflammation, and subsequently, 

the enhanced inflammatory response may contribute to atherogenesis. Testing this hypothesis requires 

further investigation.
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Supplementary table 1. RNA yield, RNA purity and RNA integrity per atherosclerotic 
sample.
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(ng/µl)

RNA purity
(OD 260/ OD 280 ratio)

RIN-score
In-or Excluded for
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plaque 2 82 2.04 6 In

plaque 3 52 2.03 5.5 In

plaque 4 40 2.02 7 In

plaque 5 115 2.16 6.3 In

plaque 6 107 2.16 N/A Ex

plaque 7 71 2.12 N/A Ex

plaque 8 16 1.61 2.7 Ex

plaque 9 10 1.53 N.D., since low RNA yield Ex

plaque 10 16 1.63 N/A Ex

plaque 11 11 1.73 N/A Ex

N/A = not available, i.e. RIN scores were not computed by the Bioanalyzer because of anomalies of baseline and in the 
5S-regio, indicating degradation of the RNA.
N.D. = not done.
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Supplementary Figure 2Supplementary table 2. Correlation between prolactin receptor (PRLR) expression and 
gender. 

 Expression of PRLR Male (nr. of plaques) Female (nr. of plaques) 

0 1 4 

+ 4 3 

++ 6 1 

+++ 5 1 

Specific intensity of prolactin receptor staining: 0=no expression, +=low expression, ++ =considerable expression, 
+++=extensive expression. 
2-sided p-value Fisher’s exact (0/+ and ++/+++ grouped) Male vs. Female p=0.04

Supplementary table 3. Correlation between plaque morphology and gender. 

Plaque morphology Male (nr. of plaques) Female (nr. of plaques) 

Unstable 8 2 

Stable 8 7 

Atherosclerotic plaques were considered unstable when they contained a thin fibrotic cap and a necrotic core. 
2-sided p-value Fisher’s exact Male vs. Female p=0.23 

Supplementary Figure 1
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Supplementary Figure 3
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ABSTRACT 

Objectives: Prolactinoma patients tend to exhibit dyslipidemia and insulin resistance, 

both acknowledged cardiovascular risk markers. In this study, we used a translational 

dyslipidemic mouse model to investigate the causes of the deteriorated metabolic 

phenotype as observed in prolactinoma patients, and to explore the effect of 

hyperprolactinemia on atherosclerosis development. 

Methods and Results: Hyperprolactinemia induction by treatment with the dopamine 

receptor D2 antagonist haloperidol was associated with less glucose tolerance (p=0.02) 

in high cholesterol/high fat diet-fed low-density lipoprotein (LDL) receptor knockout mice. 

Additionally, hyperprolactinemic mice exhibited a significant increase in plasma very-low-

density lipoprotein (VLDL) and LDL levels (p<0.001). Furthermore, hepatic unesterified 

cholesterol levels were 24% higher (p=0.02) in hyperprolactinemic mice. In accordance 

with this phenotype reminiscent of hepatic steatosis, we detected a 23-51% increase 

in the hepatic mRNA expression level of the macrophage markers Cd68 and Abcg1 

and the pro-inflammatory cytokines Tnfα, Mcp-1, and Il-6. Hepatic expression levels 

of cholesterol removal-associated genes Cyp7a1 and Abca1 were stimulated, possibly 

suggesting a protective response to overcome cellular toxicity associated with the hepatic 

accumulation of unesterified cholesterol. Strikingly, despite the atherogenic phenotype 

in these LDL receptor knockout mice, we observed a significant decrease (p=0.04) in the 

extent of atherosclerotic lesion formation in the aortic root. 

Conclusion: We have shown that hyperprolactinemia in high cholesterol/high fat diet-

fed LDL receptor knockout mice is associated with a change in the metabolic phenotype 

comparable to that observed in prolactinoma patients. Furthermore, our data in rodents 

suggest that the metabolic disturbances observed in hyperprolactinemic humans may 

result from a change in hepatic lipid metabolism. In our hyperprolactinemic mice, all 

of these derangements did not lead to increased atherogenesis, an observation that 

supports our prospective data in humans on the role of prolactin in the occurrence of 

cardiovascular disease. 

INTRODUCTION

Prolactin was discovered in the 1930s as a hormone secreted by lactotrope cells in the anterior pituitary. 

The hormone was primarily known for its function to induce milk synthesis by mammary epithelial 

cells. However, in the last two decades several in vitro and mouse studies, including mice deficient 

for prolactin or for its receptor, have indicated that prolactin may have other roles besides its well-

established function in lactation, such as growth and development, endocrinology and metabolism, 

brain and behavior, reproduction, and immune regulation and protection [1]. Lactotrope cells produce 

prolactin in response to signals including estrogen, progesterone and thyrotropin-releasing hormone. 

In contrast, dopamine has an inhibitory effect on prolactin secretion [2]. If lactotrope cells undergo 

neoplastic transformation, they will give rise to a prolactinoma, a prolactin-secreting pituitary adenoma. 

Recent data show a high prevalence of these tumors in the general population, 3-5 times higher than 

was previously reported [3]: the latest reported incidence rate of prolactinomas is 2.2 per 100,000 

and the latest reported prevalence is 750 per 100,000 [4,5]. 

Interestingly, prolactinoma patients represent the archetype of the metabolic syndrome. Although the 

concept of the metabolic syndrome as a disease entity is vehemently debated, it provides a means 

by which patients at risk for future diabetes and cardiovascular disease can be identified. Diagnostic 

criteria include abdominal obesity, insulin resistance, atherogenic dyslipidemia, elevated blood pressure 

and a pro-inflammatory state [6-10]. Indeed, prolactinoma patients are prone to insulin resistance, 

as reflected by a higher HOMA-IR or ISI-composite and decreased insulin sensitivity in response to 

euglycemic hyperinsulinemic clamps [11-15]. Moreover, prolactinoma patients have dyslipidemia, 

indicated by low high density lipoprotein (HDL)-cholesterol, high LDL-cholesterol and high triglyceride 

levels [11-13,16,17]. Additionally, prolactinoma patients show low-grade systemic inflammation, since 

they have higher plasma hsCRP and sELAM1 levels [14,15]. Strikingly, these metabolic parameters 

improve after treatment with prolactin lowering therapy, such as the dopamine-agonists bromocriptine 

or cabergoline [12,14,15]. Against this background, we set out to explore, in rodents, the potential 

underlying mechanisms of the deteriorated metabolic phenotype observed in hyperprolactinemic 

patients. In addition, in our prospective data in humans in the EPIC-Norfolk study we have demonstrated 

that higher prolactin levels did not predict future occurrence of cardiovascular disease endpoints [18]. 

Therefore, we also aimed at determining the extent of atherosclerosis in LDL receptor knockout mice 

exhibiting hyperprolactinemia versus normoprolactinemia. 

METHODS

Mice
Animal experiments were performed at the Gorlaeus laboratories of the Leiden/Amsterdam Center 

for Drug Research. Female homozygous LDL receptor knockout mice, thirteen to sixteen weeks old 

were bred in house at the Gorlaeus Laboratories. Food and water were supplied ad libitum. Mice were 
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housed in groups consisting of four to five mice, in a temperature and light controlled environment. 

All animal experiments were performed in accordance with the principles of laboratory animal care 

and regulations of Dutch law on animal welfare, and the experimental protocol was approved by the 

Animal Ethics Committee of Leiden University.

Experimental design: treatment with haloperidol or placebo
Mice were randomly assigned to either haloperidol treatment (7.5mg/pellet 60 day release=0.125 

mg/day, n=13) or placebo treatment (n=12). Mice were anaesthetized by use of isoflurane inhalation, 

4% starting dose, 1.5% maintenance dose. Pellets containing either haloperidol or placebo (Innovative 

Research, Sarasota, FL, USA) were implanted subcutaneously between the shoulders, ensuring 

continuous drug release. The following day a Western type diet containing 15% (w/w) total fat and 

0.25% (w/w) cholesterol (Diet W, Special Diet Services, Whitham, UK) was started. Mice remained on 

this diet throughout the study and non-fasted body weight was measured weekly. After 29 days, mice 

were anaesthetized, blood was withdrawn by orbital bleeding, and mice were euthanized by cervical 

dislocation. Following perfusion of the arterial tree in situ with PBS, the heart and other organs were 

excised and fixed in 3.7% neutral-buffered formalin (Formal-fixx; Shandon Scientific Ltd., UK) or stored 

in -20°C until further analysis. 

Plasma prolactin and lipid analysis
Plasma prolactin levels were measured using a mouse prolactin-specific ELISA (Calbiotech Inc, 

Spring valley, California, USA). Triglycerides in plasma were determined using a standard enzymatic 

colorimetric assay (Roche Diagnostics, Mannheim, Germany). The concentrations of cholesterol in 

liver and plasma were determined as previously described [19]. The distribution of cholesterol over 

the different lipoproteins in plasma was determined by fractionation of a pool of 12 μl serum of 3 

to 4 individual mice using a Superose 6 column (3.2 x 300 mm, Smart-system; Pharmacia, Uppsala, 

Sweden). Cholesterol content of the effluent was determined as indicated. 

Oral glucose tolerance test
After 22 days of treatment, 6 mice of both treatment groups were subjected to an oral glucose tolerance 

test (GTT). All mice were fasted after food withdrawal from 5.30 p.m. the day before the test. The GTT 

started at 10.00 a.m. An initial blood sample (t=0) was taken, immediately followed by administration 

of 2 g/kg glucose in water, through an oro-gastric tube. Additional blood samples were taken via tail 

bleeding at 20, 40, 60, 90 and 120 minutes after glucose injection for measurement of plasma glucose 

levels with an Accu-Check glucometer (Roche Diagnostics, Almere, the Netherlands). 

Peripheral blood count analysis
Peripheral blood plasma obtained at sacrificing was evaluated for quantification of white blood cell 

counts using an automated Sysmex XT-2000iV Veterinary Hematology analyzer (Sysmex Corporation, 

Kobe, Japan). The XT-2000iV employs a fluorescent flow cytometry method using a fluorescent dye 

staining cellular DNA and RNA and a semiconductor laser to detect forward-, side-scattered, and 

fluorescent light. 

Gene expression by real-time quantitative PCR
Total RNA from spleen and liver was extracted by the acid guanidium thiocyanate-phenol chloroform 

extraction method according to Chomczynski et al. [20]. RNA concentrations were measured using the 

Nanodrop Spectrophotometer (Nanodrop Technologies, Wilmington, DE, USA). cDNA was synthesized 

from 1 μg of total RNA and mRNA levels were quantitatively determined as described before [21]. PCR 

primers were designed using Primer Express 1.5 Software with the manufacturer’s default settings 

(Applied Biosystems, Carlsbad, CA, USA). The primers we used can be found in Supplementary table 1. 

Expression levels were normalized to those of ribosomal protein S13 (Rps13), hypoxanthine-guanine 

phosphoribosyltransferase (Hprt), β-actin and ribosomal protein 36B4 (Rp36b4). 

Histological analysis of atherosclerosis
The hearts were bisected just below the atria, and the base of the hearts plus aortic roots were taken 

for analysis. The hearts were then sectioned perpendicular to the axis of the aorta on a Cryostat 

(Microm HM 500 M; Adamas Instruments, Leersum, The Netherlands), starting within the heart and 

working towards the aortic arch as described by Paigen et al. [22]. Once the aortic root was identified 

by the appearance of aortic valve leaflets, alternate 10-μm sections were taken and mounted on 

gelatinized slides and stained with Oil red O for neutral lipids. The atherosclerotic lesion area in 

the sections was quantified by using a Leica image analysis system, consisting of a Leica DMRE 

microscope coupled to a camera and Leica QWin Imaging software (Leica Ltd., Cambridge, UK). 

Analyses were performed blinded for treatment strategy. Mean lesion area was calculated (in μm2) 

from an average of 8 sections, starting at the appearance of the aortic root. Additionally, sections 

were stained immunohistochemically for the presence of macrophages using a rat MOMA-2 antibody, 

dilution 1:750 (Serotec Ltd, Oxford, UK). Goat anti-rat coupled to horse radish peroxidase (HRP) 

(1:100) (Dako, Glostrup, Denmark) was used as a secondary antibody and Nova red substrate (Vector 

Laboratories, Burlingame, CA, USA) was used for HRP visualization. Collagen content of the lesions 

was determined after Masson’s Trichrome staining (Sigma diagnostics, St Louis, MO, USA). Terminal 

deoxynucleotidyl transferase-mediated dUTP nick end-labeling (TUNEL) staining of lesions was 

performed to determine the rate of apoptosis of macrophages in the atherosclerotic lesions using 

the In Situ Cell Death Detection Kit (Roche Diagnostics, Mannheim, Germany). TUNEL-positive nuclei 

were visualized with Nova Red (Vector Laboratories), and sections were counterstained with 0.3% 

methylgreen. All quantifications were performed blinded by computer-aided morphometric analysis 

using the Leica image analysis system. 

Statistical analysis
Data are presented as the mean±SEM. Statistical analysis was conducted using GraphPad Prism Software 

(version 5.0; Inc, CA, USA). Statistically significant differences among the means of the two treatment 
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groups was tested using the two-tailed unpaired Student’s t-test, or a two-way ANOVA with a Bonferroni 

post-test to compare replicate means by row where appropriate. A probability value of < 0.05 was 

considered to confer statistical significance.

RESULTS

To investigate the cause of the deteriorated metabolic phenotype (i.e. dyslipidemia and insulin 

resistance) observed in hyperprolactinemic patients, we induced hyperprolactinemia in high cholesterol/

high fat diet-fed low-density lipoprotein (LDL) receptor knockout mice, an established mouse model 

to study diet-induced obesity and insulin resistance in the presence of hyperlipidemia [23]. Previous 

studies have suggested that treatment with the dopamine receptor D2-antagonist haloperidol results 

in a persistently high circulating level of prolactin in both mice [24,25] and man [26,27]. In accordance, 

in the current study, haloperidol exposure induced a marked 44-fold rise (p<0.001) in the plasma 

prolactin level of atherogenic diet-fed LDL receptor knockout mice, reaching plasma prolactin levels in 

haloperidol-treated mice (121±14 μg/l; Figure 1) comparable to those found in human patients with 

prolactinomas [28]. In contrast to the human situation, body weight was lower in hyperprolactinemic 

mice (27,45±0,47 g) than in normoprolactinemic mice (29,24±0,49 g), p=0.02. 

Similarly as observed in the prolactinoma patients, hyperprolactinemia in LDL receptor knockout mice 

seemed to be associated with decreased insulin sensitivity. As shown in Figure 2, the plasma glucose 

response during an oral glucose tolerance test was significantly higher (two-way ANOVA p=0.02) in 

hyperprolactinemic mice as compared to controls. 

Hyperprolactinemia in LDL receptor knockout mice was not associated with a change in the plasma 

level of unesterified cholesterol or triglycerides (Table 1). In contrast, a significant increase in the 

plasma cholesteryl ester content was detected (+32%; p=0.05; Table 1), which could be attributed to 

a 32% increase (p<0.001; two-way ANOVA) in the cholesterol level associated with pro-atherogenic 

very-low-density lipoprotein (VLDL) and low-density (LDL) lipoproteins (Figure 3A). Plasma levels of 

the anti-atherogenic high-density lipoprotein (HDL) were essentially unaffected by the presence of 

hyperprolactinemia (Figure 3A), resulting in a 25% stimulated non-HDL/HDL ratio (p=0.04; Figure 3B), 

suggestive of an overall increased plasma atherogenic index in hyperprolactinemic mice.

The liver is the primary organ involved in the regulation of plasma lipid levels, since it 1) is responsible 

for the secretion of native VLDL and HDL particles and 2) mediates the clearance of excess cholesterol 

for subsequent excretion into the bile. To provide further insight into the cholesterol-raising effect 

associated with high plasma prolactin levels, we therefore determined the effect of hyperprolactinemia 

on hepatic lipid levels and on the relative expression of genes involved in lipid metabolism. As depicted 

in Figure 4A, hepatic unesterified cholesterol levels were 24% higher (p=0.02) in hyperprolactinemia, 

whilst the liver triglyceride and cholesteryl ester content as well as the body corrected liver weight 

were not significantly altered. Cholesterol accumulation in the liver is a key feature of non-alcoholic 

fatty liver disease (NAFLD) that precedes the influx of inflammatory cells leading to the occurrence of  

Table 1. Plasma cholesterol and triglyceride levels in normoprolactinemic and 
hyperprolactinemic LDL receptor knockout mice. 

Normoprolactinemic mice Hyperprolactinemic mice P

Free cholesterol (mg/dl) 481±42 501±41 0.67

Cholesteryl esters (mg/dl) 2286±235 3011±249 0.05

Triglycerides (mg/dl) 4675±544 4130± 475 0.46

non-alcoholic steatohepatitis (NASH), a pathology characterized by excessive liver inflammation [29]. In 

line with a higher cholesterol content in livers of hyperprolactinemic mice, we detected a concomitant 

23-51% increase in the mRNA expression level of the macrophage markers Cd68 and ATP-binding 

cassette transporter G1 (Abcg1) and the pro-inflammatory cytokines tumor necrosis factor-alpha (Tnf-

alpha), monocyte chemoattractant protein-1 (Mcp-1), and interleukin-6 (Il-6) (Figure 4B). Interestingly, 

similar hepatic mRNA expression levels of genes involved in lipogenesis and the synthesis of VLDL 

particles, i.e. Fas, Dgat1, Pnpla3, Scd1, and ApoB, as well as the clearance of VLDL/LDL particles by the 

liver, i.e. Sr-bI and Lrp1 were observed in hyperprolactinemic and control mice (Figure 4C). Strikingly, 

however, we detected a marked increase in the expression of two genes associated with the removal of 

unesterified cholesterol from the liver, possibly suggesting a protective response to overcome cellular 

toxicity associated with the hepatic accumulation of unesterified cholesterol. Cholesterol 7alpha-

hydroxylase (Cyp7a1) expression was stimulated 1.98-fold (p=0.007; Figure 4C), suggestive of an overall 

faster conversion rate of unesterified cholesterol into bile acids that are subsequently secreted into 

the bile. Furthermore, mice with hyperprolactinemia exhibited a 51% increase (p=0.02; Figure 4C) 

in the hepatic expression of ATP-binding cassette transporter A1 (Abca1), a membrane-associated 

cholesterol efflux protein involved in the hepatic generation of native HDL particles. Combined, these 

findings suggest that hyperprolactinemia in high cholesterol/high fat diet-fed LDL receptor knockout 

mice is associated with a change in the blood metabolic phenotype comparable to that observed in 

prolactinoma patients, which can probably be attributed to a hyperprolactinemia-associated change 

in hepatic lipid metabolism.

Although we primarily aimed to determine whether hyperprolactinemia induced a similar metabolic 

profile in LDL receptor knockout mice as observed in the human context, we also investigated the 

effect on atherogenesis, since multiple studies have shown that LDL receptor knockout mice are highly 

susceptible to atherosclerotic lesion development upon feeding high cholesterol/high fat diets [30]. 

Interestingly, atherosclerosis susceptibility was not increased, despite the higher plasma atherogenic 

index associated with hyperprolactinemia. We actually observed a significant >30% decrease (p=0.04; 

Figure 5A and B) in the extent of atherosclerotic lesion formation in the aortic root of LDL receptor 

knockout mice with high prolactin levels. In accordance with the Oil red O-positive lesion area measured 

in both groups of mice (≤100 x 103 µm2), further morphological analysis of the atherosclerotic lesions
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Figure 1. Prolactin levels in normoprolactinemic and hyperprolactinemic mice. Prolactin levels increased significantly in 
hyperprolactinemic mice compared to normoprolactinemic mice; 120.8±13.7 µg/l vs. 2.8± 0.12 µg/l, respectively, p=<0.001. 

Figure 2. Glucose levels during the oral glucose tolerance test (OGTT) in normoprolactinemic and hyperprolactinemic mice. 
Hyperprolactinemia was associated with higher glucose concentrations during the OGTT, p=0.02. 

Figure 3. 
(A) Total cholesterol distribution according to lipoprotein size (smart-system and enzymatic colorimetric assay). The 
significant increase in plasma cholesterol ester content as shown in Table 1 could be attributed to a 32% increase (p<0.001; 
two-way ANOVA) in the cholesterol level associated with atherogenic very-low-density lipoprotein (VLDL) and low-density 
(LDL) lipoproteins in hyperprolactinemic mice.
(B) Non-HDL/HDL ratio (smart-system and enzymatic colorimetric assay). A 29% stimulated non-HDL/HDL ratio (p=0.04) was 
found in hyperprolactinemic mice, suggestive of an overall increased plasma atherogenic index in hyperprolactinemic mice.
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Figure 4.
(A) Hepatic cholesterol. Hepatic free (unesterified) cholesterol levels were 24% higher (p=0.02) in hyperprolactinemic mice, 
whilst the liver triglyceride and cholesteryl ester content as well as the body corrected liver weight were not significantly 
altered.
(B) Hepatic expression of macrophage markers and pro-inflammatory cytokines. In hyperprolactinemic mice, a 23-51% 
increase in the mRNA expression level of the macrophage markers Cd68 and ATP-binding cassette transporter G1 (Abcg1) 
was observed. Additionally, the pro-inflammatory cytokines tumor necrosis factor-alpha (Tnf-α), monocyte chemoattractant 
protein-1 (Mcp-1), and interleukin-6 (Il-6) showed a trend towards elevation in hyperprolactinemic mice.
(C) Hepatic mRNA expression levels of genes involved in lipogenesis and the synthesis of VLDL particles, i.e. Fas, Dgat1, 
Pnpla3, Scd1, and ApoB, as well as the clearance of VLDL/LDL particles by the liver, i.e. Sr-bI, Lrp1 were similar between 
hyperprolactinemic and normoprolactinemic mice. However, the expression of Cyp7a1 and Abca1, two genes associated 
with the removal of unesterified cholesterol from the liver, was significantly increased in hyperprolactinemic mice (p=0.007 
and p=0.02, respectively). 

A

B

C
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(A) Quantification of the sizes of atherosclerotic lesions in the aortic root showed that hyperprolactinemia was associated 
with a decreased mean lesion size as compared to normoprolactinemia (68.9±8.6×103 μm2 vs. 100.4±11.7×103 μm2, 
respectively, p=0.04). 
(B) Representative staining for atherosclerotic area with with Oil red-O (red), counterstaining with hematoxylin (purple). 
5x magnification. 
(C) Representative staining for macrophages within atherosclerotic lesions with MoMa (red), counterstaining with 
hematoxylin (purple). 40x magnification. 
(D) Representative staining for collagen within atherosclerotic lesions with Massons Trichome (blue), counterstaining with 
hematoxylin (purple). 40x magnification. 
(E) Percentage of apoptotic cells in atherosclerotic lesions. There was no difference in the percentage apoptotic cells within 
the atherosclerotic lesions between normo- and hyperprolactinemic mice (15.60±3.20% vs. 14.41±4.40%, respectively, 
p=0.82).  
(F) Representative staining with TUNEL (black), counterstaining with methylgreen (green). 40x magnification. 
(G) Splenic expression of cholesterol efflux genes. There was no significant difference between the two groups of mice in the 
splenic expression of genes known to affect cholesterol efflux. 
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Figure 6
(A) Spleen and thymus weight as a percentage of total body weight. Hyperprolactinemia was not associated with an 
increased spleen weight, however, thymus weight was increased in this condition (p=0.006). 
(B) White blood cell count and its differentiation. White blood cell count and its differentiation were similar between normo- 
and hyperprolactinemic mice. 
(C) Relative expression of cytokines in the spleen. There was no significant difference between normo- and hyperprolactinemic 
mice in the splenic expression of several cytokines. 
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revealed the presence of initial stage lesions that fully consisted of lipid-rich macrophages (“fatty 

streaks”) (Figure 5C and D). Although previous studies have suggested a possible role for prolactin 

in the regulation of cell cycle control and apoptosis [31-34], we did not detect a change in the intra-

plaque apoptosis rate (15.60±3.20% in normoprolactinemia vs. 14.41±4.40% in hyperprolactinemia, 

respectively, p=0.82); Figure 5E and F. Since macrophages cannot limit their uptake of oxidized or 

alternatively modified lipoproteins, they rely on an efficient cholesterol efflux system to maintain 

cholesterol homeostasis. Hence, we examined whether prolactin may stimulate peripheral macrophages 

to incite cholesterol efflux by quantifying the expression of key cholesterol efflux genes Abcg1, Abca1, 

Sr-bI and ApoE in the spleen [35-37]. However, prolactin did not affect the expression of these genes 

(Figure 5G). 

Atherosclerosis is an inflammatory disease that involves the attraction and vessel wall infiltration of 

leukocytes, which secrete pro- or anti-inflammatory signalling molecules (i.e. cytokines and chemokines) 

that may respectively enhance or delay atherosclerotic lesion formation [38,39]. Previous studies have 

shown that prolactinoma patients have elevated plasma parameters of low-grade systemic inflammation 

[14,15]. To investigate whether the hyperprolactinemia-associated decrease in atherosclerotic lesion 

size was due to changes in the inflammatory status of the animals, we determined the effect of high 

prolactin levels on the weight of the lymphoid organs thymus and spleen, blood leukocyte counts, as 

well as splenic cytokine gene expression levels. A distinct 28% increase (p=0.006) in thymus weight/

body weight ratio was observed in hyperprolactinemic LDL receptor knockout mice on the atherogenic 

high cholesterol/high fat diet (Figure 6A), which may result from proliferation of thymic epithelium 

[40]. No other remarkable changes in inflammatory-related parameters were noted (Figure 6B and 

C), suggesting that the immunological status of the mice was probably unaffected in response to the 

increase in prolactin levels.

DISCUSSION

Similarly as observed in the human situation [11-15], hyperprolactinemia in LDL receptor knockout mice 

seemed to be associated with decreased insulin sensitivity. Others had already shown that haloperidol 

has the potential to abolish glucose tolerance and to reduce insulin sensitivity [41]. In contrast to 

others [41], we report a decrease in body weight after haloperidol treatment. This dissimilarity in 

observations may result from a difference in dose. Additionally, our mice displayed a significant increase 

in their plasma cholesteryl ester content, which could be attributed to a significant increase in the 

cholesterol level associated with atherogenic very-low-density lipoprotein (VLDL) and low-density (LDL) 

lipoproteins. Similar observations have been made in prolactinoma patients [11-13,16,17]. Interestingly, 

hepatic unesterified cholesterol levels were markedly enhanced in hyperprolactinemic mice. In fact, 

this suggests that hyperprolactinemia may induce cholesterol accumulation in the liver, which is a key 

feature of NAFLD that precedes the influx of inflammatory cells leading to the occurrence of NASH, a 

pathology characterized by excessive liver inflammation [29]. In line with the hypercholesterolemic state 

in livers of hyperprolactinemic mice, we detected a concomitant 23-51% increase in the hepatic mRNA 

expression level of Cd68 and Abcg1, Tnf-α, Mcp-1 and Il-6, suggesting increased hepatic inflammation. 

The marked increase in the expression of Cyp7a1 and Abca1 in hyperprolactinemic mice possibly results 

from a protective response to overcome cellular toxicity associated with the hepatic accumulation of 

unesterified cholesterol. Thus, the higher plasma VLDL levels and impaired glucose tolerance may be 

explained by a higher cholesterol efflux from the liver, as a secondary response to hepatic steatosis. 

Whether hepatic lipid metabolism is changed in prolactinoma patients is unknown. However, our data 

suggest that this may certainly be of relevance and needs to be assessed in such patients. 

Based on the dramatic metabolic derangements observed, reduced atherosclerosis susceptibility 

was a totally unexpected phenotype of hyperprolactinemic mice. Plaque composition was not 

different between hyperprolactinemic and normoprolactinemic mice and the expression of genes 

involved in macrophage cholesterol efflux (Abcg1, Abca1, Sr-bI and ApoE) was not affected by the 

hyperprolactinemic condition. We found that the decrease in atherosclerotic lesion size did not result 

from changes in the inflammatory status of the animals. Experiments, which have suggested that 

prolactin may stimulate the inflammatory response, were conducted in vitro, often in combination 

with LPS [42-45], which may not be a relevant trigger in vivo. Studies involving prolactin receptor 

knockout mice have indeed suggested that prolactin receptor pathways may not be essential for 

immunomodulation in vivo [46]. In this study, we could not assess the prolactin receptor expression 

within the atherosclerotic plaques, since there is no commercially available antibody directed against 

the mouse prolactin receptor. However, since we previously observed that the prolactin receptor is 

expressed in both macrophages and T-cells within human atherosclerotic plaques [47], we propose 

that prolactin may have the potency to modulate the microenvironment locally in the plaque, possibly 

by inhibition of local inflammatory pathways, subsequently leading to a reduction in atherogenesis. In 

fact, this hypothesis would be in accordance with our previous observation that prolactin levels are 

not predictive of the occurrence of coronary artery disease events in apparently healthy individuals 

[18]. Nonetheless, it is unclear to which extent haloperidol might have influenced these results. 

In conclusion, we have shown that hyperprolactinemia in high cholesterol/high fat diet-fed LDL 

receptor knockout mice is associated with a change in the metabolic phenotype comparable to that 

observed in prolactinoma patients. Furthermore, our translational data suggest that the metabolic 

derangements observed in prolactinoma patients may result in alteration of hepatic lipid metabolism. 

In our hyperprolactinemic mice, none of these derangements led to increased atherogenesis; instead, 

a decreased atherosclerosis susceptibility was found. The occurrence of atherosclerotic vascular 

disease among prolactinoma patients has not been assessed yet. Based upon our striking finding 

that hyperprolactinemia in mice is actually associated with decreased atherosclerosis susceptibility, 

we anticipate that it is worthwhile to study the relative occurrence of cardiovascular disease or its 

surrogate markers in prolactinoma patients.  
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Supplementary table 1. Primers used for quantitative real-time PCR.

Gene Forward primer Reverse Primer

Cd68 [NM_009853] 5’-CCTCCACCCTCGCCTAGTC-3’ 5’-TTGGGTATAGGATTCGGATTTGA-3’

Abcg1 [NM_009593] 5’-AGGTCTCAGCCTTCTAAAGTTCCTC-3’ 5’-TCTCTCGAAGTGAATGAAATTTATCG-3’

Tnf-α [X02611] 5’-GCCAGCCGATGGGTTGTA-3’ 5’-AGGTTGACTTTCTCCTGGTATGAG A-3’

Mcp-1 [NM_008570] 5’-GATGTGAGCAAGAGTGAATC-3’ 5’-GGGAATTACATCCACAGTAGGAG-3’

Fas [NM_007987] 5’-CTGCGATGAAGAGCATGGTTT-3’ 5’-CCATAGGCGATTTCTGGGAC-3’

Scd1 [NM_009127] 5’-TACTACAAGCCCGGCCTCC-3’ 5’-CAGCAGTACCAGGGCACCA-3’

Pnpla3 [AY037763] 5’-ATTCCCCTCTTCTCTGGCCTA-3’ 5’-ATGTCATGCTCACCGTAGAAAGG-3’

Dgat1 [NM_010046] 5’-GGTGCCCTGACAGAGCAGAT-3’ 5’-CAGTAAGGCCACAGCTGCTG-3’

ApoB [XM_894981] 5’-ATGTCATAATTGCCATAGATAGTGCCA-3’ 5’-TCGCGTATGTCTCAAGTTGAGAG-3

Sr-bI [NM_016741] 5’-GGCTGCTGTTTGCTGCG-3’ 5’-GCTGCTTGATGAGGGAGGG-3’

Lrp1 [NM_008512] 5’-TGGGTCTCCCGAAATCTGTT-3’ 5’-ACCACCGCATTCTTGAAGGA-3’

Cyp7a1 [NM_007824] 5’-CTGTCATACCACAAAGTCTTATGTCA-3’ 5’-ATGCTTCTGTGTCCAAATGCC-3’

Abca1[NM_013454] 5’-GGTTTGGAGATGGTTATACAATAGTTGT-3’ 5’-TTCCCGGAAACGCAAGTC-3’

ApoE [NM_009696] 5’-AGCCAATAGTGGAAGACATGCA-3’ 5’-GCAGGACAGGAGAAGGATACTCAT-3’

Il-6 [M20572] 5’-GAAGAATTTCTAAAAGTCACTTTGAGATCTAC-3’ 5’-CACAGTGAGGAATGTCCACAAAC-3’

Il-1β [NM_008361] 5’-TGGTGTGTGACGTTCCCATTA-3’ 5’-AGGTGGAGAGCTTTCAGCTCATAT-3’

Il-4 [NM_NM_021283] 5’-ACTTGAGAGAGATCATCGGCATTT-3’ 5’-AGCACCTTGGAAGCCCTACAG-3’

Il-10 [NM_010548] 5’-TCTTACTGACTGGCATGAGGATCA-3’ 5’-GTCCGCAGCTCTAGGAGCAT-3’

Ifn-γ [NM_008337] 5’-ATAACTATTTTAACTCAAGTGGCATAGATGT-3’ 5’-TCTGGCTCTGCAGGATTTTCA-3’

β-actin [X03672] 5’-AACCGTGAAAAGATGACCCAGAT-3’ 5’-CACAGCCTGGATGGCTACGTA-3’

Hprt [NM_013556] 5’-TTGCTCGAGATGTCATGAAGGA-3’ 5’-AGCAGGTCAGCAAAGAACTTATAG-3’

Rps13 NM_026533 5’-TGCTCCCACCTAATTGGAAA 5’-CTTGTGCACACAACAGCATTT-3’

36b4 [NM_007475] 5’-GGACCCGAGAAGACCTCCTT-3’ 5’-GCACATCACTCAGAATTTCAATGG-3’
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INTRODUCTION

Prolactin is best known as the polypeptide anterior pituitary hormone, which regulates the 

development of the mammary gland throughout female reproductive life. During pregnancy, prolactin 

stimulates the expansion and differentiation of the lobuloalveolar system. After delivery, prolactin 

induces the final induction of milk protein gene expression and lactation [1]. Together with growth 

hormone and placental lactogen, prolactin forms a family of hormones that probably resulted from 

the duplication of one ancestral gene [2]. Besides this very well known role in lactation, prolactin 

is also produced in many other healthy as well as diseased tissues, such as the mammary gland, 

prostate, skin, decidua, adipocytes and some immune cells, which all express the prolactin receptor 

[3]. Based on the almost ubiquitous distribution of prolactin receptors, and an ever-growing list 

of extrapituitary prolactin-expressing tissues, a wide array of functions beyond lactation has been 

documented or claimed for prolactin. In illustration, prolactin has been shown to regulate immune 

responses [2,4,5], indicated for instance by marked proliferation of the pre-T lymphoma Nb2 cells 

in response to prolactin [6]. 

Recent evidence also suggests that prolactin may be involved in cancer progression. Large 

epidemiological prospective studies, conducted in patients with breast cancer, showed that high 

prolactin levels prior to treatment are associated with treatment failure, earlier recurrence, and 

worse overall survival [7]. In addition, recent genetic data imply that polymorphisms in prolactin and 

the prolactin receptor genes may contribute to the development of breast adenomas and cancer [8-

10]. These results are further supported by in vivo studies. Prolactin has the ability to induce tumor 

growth in an autocrine/paracrine fashion in murine models of prostate and breast cancer, which may 

help to understand its role in human tumorigenesis [11]. In accordance with these observations, 

prolactin stimulates the growth and motility of human breast cancer cells in vitro [12]. The actions 

of prolactin are mediated by at least six recognized prolactin receptor isoforms (resulting from mRNA 

splice variants) found on human breast epithelium [12]. These different isoforms share an identical 

extracellular and transmembrane domain [3]. Since the in vivo relevance of the short prolactin receptor 

isoforms are unclear, the long prolactin receptor isoform is considered the major isoform through 

which prolactin transmits its signals, although the expression of the isoforms may differ between 

tissues and may depend on the estrous cycle [2,3,13,14]. The prolactin/prolactin-receptor complex 

associates with and activates several signalling pathways, such as STAT5 and ERK1/2, that are shared 

with other members of the cytokine receptor superfamily [12]. Interestingly, over the last decade, 

human prolactin analogs have been developed that downregulate the effects of either local prolactin 

(competitive antagonism) or of the constitutively active receptor variants (inverse agonism) [15].

Prolactin also plays an important role in angiogenesis. Genetic ablation of the prolactin receptor 

induces angiogenesis defects in the corpus luteum in mice, during the process of luteal transition [16]. 

More studies support these findings. Indeed, when rat prolactin cDNA, fused to the cytomegalovirus 

promoter, was introduced into mouse muscle by direct injection, evidence of marked angiogenesis 

was found in the testis of these mice [17]. In a late-stage chicken chorioallantoic membrane (CAM) 

ABSTRACT 

Prolactin is best known as the polypeptide anterior pituitary hormone, which regulates 

the development of the mammary gland. However, it became clear over the last decade 

that prolactin contributes to a broad range of pathologies, including breast cancer. 

Prolactin is also involved in angiogenesis via the release of pro-angiogenic factors by 

leukocytes and epithelial cells. However, whether prolactin also influences endothelial 

cells, and whether there are functional consequences of prolactin-induced signalling in 

the perspective of angiogenesis, remains so far elusive. 

In the present study, we show that prolactin induces phosphorylation of ERK1/2 and STAT5 

and induces tube formation of endothelial cells on Matrigel. These effects are blocked 

by a specific prolactin receptor antagonist, del1-9-G129R-hPRL. Moreover, in an in vivo 

model of the chorioallantoic membrane of the chicken embryo, prolactin enhances vessel 

density and the tortuosity of the vasculature and pillar formation, which are hallmarks 

of intussusceptive angiogenesis. Interestingly, while prolactin has only little effect on 

endothelial cell proliferation, it markedly stimulates endothelial cell migration. Again, 

migration was reverted by del1-9-G129R-hPRL, indicating a direct effect of prolactin on 

its receptor. Immunohistochemistry and spectral imaging revealed that the prolactin 

receptor is present in the microvasculature of human breast carcinoma tissue. Altogether, 

these results suggest that prolactin may directly stimulate angiogenesis, which could 

be one of the mechanisms by which prolactin contributes to breast cancer progression, 

thereby providing a potential tool for intervention. 
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lysis buffer, incubated for 5 min at 95°C, and whole cell lysates were separated by 10% SDS-PAGE. After 

electrophoresis, proteins were transferred onto immobilon-P PVDF membranes (Millipore, Billerica, 

MA, USA). Membranes were incubated overnight at 4°C with primary antibodies against tubulin (Santa 

Cruz, Biotechnology, Santa Cruz, CA, USA), phospho-STAT5 or phospho-ERK1/2 (both Cell Signalling, 

Beverly, MA, USA) diluted in TBS with 0.1% Tween (TBS-T)/1% BSA. All secondary HRP-conjugated 

antibodies were from DakoCytomation (Glostrup, Denmark). Blots were imaged using Lumilight Plus 

ECL substrate (Roche, Basel, Switzerland) on a GeneGnome imager (Syngene, Cambridge, UK). Blots 

were repeated three times. 

Chicken chorioallantoic membrane assay (CAM)
Physiologically developing chicken embryo chorioallantoic membranes (CAM), at embryo development 

day (EDD) 7 and 8 as previously described in detail [29], were exposed to human prolactin and/or its 

antagonist del1-9-G129R-hPRL (prolactin:antagonist; 1:10 µg/embryo/day). Prolactin was topically 

applied (20 µl) at a concentration of 1 or 10 µg/embryo/day in 0.9% NaCl either alone or mixed with 

its receptor antagonist (10 µg/embryo/day). The control eggs received (each time 20 ml) 0.9% NaCl 

at the same days. Each condition was included four fold. At EDD9, the CAMs were evaluated in ovo 

by means of FITC-dextran (20 kDa, 25 mg/ml, Sigma-Aldrich, USA) epi-fluorescence angiography as 

described previously [30]. For detecting FITC, light was filtered for excitation at 470 ± 20 nm and 

a long-pass emission filter was used for detection of the fluorescence (λ > 520 nm, Nikon, Japan). 

Fluorescence images were acquired with an F-view II 12-bit monochrome Peltier-cooled digital CCD 

camera driven with analySIS DOCU software from Soft Imaging System. Image-processing quantification 

was performed using ImageJ-based macro as described previously [30] using the following descriptors: 

the number of branching points/mm2 and the number of segments per mm2. Tortuosity was assessed 

by visual determination. Experiments were performed two times. 

Proliferation assays (MTT and CellTiter-Glo® viability assays) 
2H11 endothelial cells seeded at a density of 104/cm2 in 96-well cell culture plates in DMEM 

supplemented with 1% FCS, were treated with the indicated concentrations of prolactin (10, 100, 

1,000 and 10,000 µg/l) or serum free medium as negative control, for 18 hours at 37°C/5%CO2. 

Cell survival was determined two hours after addition of MTT reagent as described before 

[31]. Proliferation assays with 2H11 were done six times and each condition was performed in 

octuplicate. 

Additionally, HUVEC (5*103 cells/well) were seeded in gelatin-coated 96-well cell culture plates 

as described previously [32,33]. Briefly, 24 h after seeding, serum free medium alone (control) or 

serum free medium supplemented with a range of prolactin concentrations (10, 100, 1,000 and 

10,000 µg/l ), was added and cells were grown for a further 72 hours at 37°C/5% CO2. Cell viability 

was assessed using the CellTiter-Glo® Luminescent Cell Viability Assay (Promega, Madison, USA). 

Proliferation assays with HUVECs were done two times and each condition was included either 

two or five fold. 

bioassay, prolactin stimulated blood vessel formation [18]. In the above-mentioned studies, the 

underlying cellular mechanisms of prolactin-induced angiogenesis have not been investigated. 

Interestingly, prolactin can stimulate the expression of angiogenic factors, such as VEGF, by the 

epithelium, macrophages and leukocytes [19,20]. Moreover, the prolactin receptor is expressed in 

the endothelium of the pulmonary artery, aorta, corpus luteum and umbilical vein from bovine 

origin [21,22]. Therefore, it was previously postulated that the angiogenic effects of prolactin may 

be mediated through a direct or an indirect effect (or both) on endothelial cells [23]. Against this 

background, we aimed to investigate the functional consequences of prolactin receptor signalling in 

endothelial cells with regard to angiogenesis, in the setting of breast cancer. 

MATERIALS AND METHODS 

Cells and culture
The murine endothelial cell line 2H11 was purchased from American Type Culture Collection (ATCC, 

Manassas, VA, USA), and maintained in Dulbecco’s minimal essential media (DMEM, Lonza, Basel, 

Switzerland) supplemented with glutamate, 1% penicillin/streptomycin and 10% fetal calf serum 

(FCS). This cell line has been shown to be useful in in vitro angiogenesis assays for evaluating the 

potential angiogenic properties of novel compounds [24,25]. Human umbilical vein endothelial cells 

(HUVEC) were isolated from fresh human umbilical cord veins and maintained in RPMI-1640 (Invitrogen, 

Carlsbad, USA) supplemented with 10% human serum, 10% FCS, 1% glutamin (Invitrogen), 100 IU/ml 

penicillin (Sigma-Aldrich, St. Louis, USA), and 100 mg/ml streptomycin (Sigma-Aldrich, St. Louis, USA) 

as previously described [26].

Human recombinant prolactin and the pure prolactin receptor antagonist del1-9-G129R-hPRL were 

prepared in the French laboratory as previously described [27]. Both human prolactin and del1-9-

G129R-hPRL are ligands of the human and mouse prolactin receptor [27,28]. The antagonist was 

demonstrated to block activity of the long isoforms of mouse and human prolactin receptors, using 

several in vitro bioassays [27]. It also acts as a pure antagonist in vivo, as was assessed by competitive 

inhibition of prolactin-triggered signalling cascades in various mouse target tissues known to express 

the prolactin receptor endogenously, such as  liver, mammary gland, and prostate [27,28]. As the 

extracellular ligand binding of the prolactin receptor is common to all its isoforms, del1-9-G129R is 

assumed to inhibit actions mediated by short and long isoforms. 

Cell stimulation and Western blot 
Cells were plated in 24-well plates and maintained in DMEM supplemented with 10%FCS. The next 

day, cells were washed twice with phosphate-buffered saline, and then serum starved for eight hours 

prior to stimulation. Cells were stimulated for 30 min with different concentrations of prolactin (10, 

100, 500, 1,000 and 10,000 µg/l) in serum free medium at 37°C/5% CO2, with or without the prolactin 

receptor antagonist del1-9-G129R-hPRL (2,000 and 10,000 µg/l). Next, cells were lysed in Laemmli 
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retrospectively obtained from the diagnostic archive of the department of pathology (Academic 

Medical Center Amsterdam, The Netherlands), in accordance with guidelines set out by the ‘Code 

for Proper Secondary Use of Human Tissue’ of the Dutch Federation of Biomedical Scientific Societies 

(Federa). Routinely formalin-fixed and paraffin embedded tissue blocks were cut (4 µm sections), 

deparaffinized in xylene and rehydrated in graded series of alcohol washings. Endogenous peroxidase 

activity was blocked with methanol plus 0.3% peroxide for 20 min at room temperature [37]. Tissue 

pretreatment with Tris-EDTA pH 9.0 (Thermo Fisher/l abvision, Fremont, CA, USA) was performed in 

the PTModule (Thermo Fisher Scientific/l abvision) for 20 min at 98°C followed by a cool-down to 75 °C. 

Ultra V Block (Thermo Fisher Scientific/l abvision) was applied for 10 min at room temperature. After 

blocking, the primary monoclonal antibody recognizing the prolactin receptor (clone 1A2B1, mouse 

IgG2b, Zymed/Invitrogen, Carlsbad, CA, USA) was diluted (1:500 v/v) in antibody buffer (Scytek Labs, 

Logan, UT, USA) and incubated overnight at 4°C. This antibody reacts with the long form of the human 

prolactin receptor and may identify the human prolactin receptor intermediate and S1 isoforms (Zymed/

Invitrogen datasheet). Isotype-matched negative control antibody (mouse IgG2b, Dako, Glostrup, 

Denmark) was applied in a concentration that matched with the prolactin receptor antibody. Tris 

buffered saline was used for washing (3x2 min). A three-step horseradish peroxydase (HRP) polymer 

immunohistochemistry detection technique was applied: post-antibody blocking, 1:1 diluted in Scytek 

antibody diluent (30 min, room temperature) followed by anti-mouse/rabbit/rat Powervision polymer/

HRP (both ImmunoVision, ImmunoLogic, Duiven, The Netherlands), 1:1 diluted in Scytek antibody 

diluent (30 min, room temperature); HRP activity was visualized with diaminobenzidine (Bright DAB+, 

ImmunoLogic) after 8 minutes. Sections were counterstained with hematoxylin (Klinipath, Duiven, 

The Netherlands) and mounted with VectaMount (Vector Labs, Burlingame, CA, USA). To confirm 

prolactin receptor expression in endothelial cells, a sequential double staining was performed with 

the prolactin receptor antibody [38] and an antibody directed against CD34 (clone QBend10, mouse 

monoclonal, Thermo Fisher Scientific/l abvision). Prolactin receptor antibody binding was detected with 

a two-step HRP polymer technique as described above. HRP activity was visualized in grey with Vector 

ImmPACT SG (Vector Labs, Burlingame, CA, USA). Next, CD34 antibody binding was detected with an 

anti-mouse AP-conjugated polymer (ImmunoLogic, country) and AP activity was visualized in red using 

Vector Red (Vector Labs). Potential cross-reactivity between both stainings was tested in control slides 

leaving out the CD34 antibody. Sections were counterstained with 0.1% methylgreen and mounted with 

VectaMount. Slides were analyzed by light microscopy (Olympus BX51 microscope, Olympus UPlanFl 

20x objective, Olympus DP70 digital camera; Olympus, Zoeterwoude, The Netherlands). In addition, 

double-stained IHC slides were analyzed by the Nuance multispectral imaging system and software 

(Caliper Life Sciences/Cambridge Research and Instrumentation, Inc., Woburn, MA, USA) [39]. Datasets 

were acquired from 420 to 720 nm at 20 nm intervals. Using the Nuance software version 3.0 and 

a spectral library of single Vector ImmPACT SG, single Vector Red and methylgreen multiple staining 

tissue specimens were unmixed into the individual components. The Nuance software was also used 

for making an exclusive image of prolactin receptor and CD34 co-localization. All slides were analyzed 

by an independent pathologist. 

Migration assays
2H11 endothelial cells were grown to 90% confluence in DMEM supplemented with 3% FCS in T25 cell 

culture flasks and were subsequently incubated with serum free medium alone (control) or serum free 

medium supplemented with prolactin (1,000 µg/l), with the antagonist del1-9-G129R-hPRL, or with 

prolactin (1,000 µg/l) in combination with del1-9-G129R-hPRL (20,000 µg/l) for 18 hours at 37°C/5% 

CO2. Next, cells were labelled for 1 h with 10 μmol/l CellTracker Green 5-chloromethylfluorescein 

diacetate (CMFDA) (Molecular Probes, Eugene, OR, USA) in serum-free medium. The dye was fixed 

by 1 h incubation in medium with 10% FCS. Subsequently, cells were washed and detached with a cell 

scraper, resuspended in serum free medium until a concentration of 0.5x106 cells/ml and transferred to 

8-μm pore size HTS FluoroBlok cell culture inserts (BD Falcon, Franklin Lakes, NJ). Serum free medium 

was added to the bottom well and cell migration was assessed as described before [31,34,35]. Briefly, 

fluorescence values representing the number of cells on the bottom side of the insert were read 

during 71 cycles (each cycle comprising four readings spanning 2 min) at 37°C. The raw fluorescence 

data were corrected for background fluorescence and fading of the fluorophore. Migration assays with 

2H11 were repeated three times and each condition was included three to six fold. 

The migration capability of HUVECs was measured using wound scratch assays [36]. In brief, HUVECs 

were grown to confluence in gelatin-coated wells. Scratch wounds were made in the monolayer by 

removing cells with a sterile scratch tool (Peira Scientific Instruments, Beerse, Belgium). Cells were 

washed with PBS and the medium was replaced by serum free medium alone (control) or serum free 

medium supplemented with prolactin (1,000 µg/l) for 8 hours at 37°C/5% CO2. Plates were scanned 

using an Acumen eX3 laser scanner cytometer (TTP LabTech Ltd, Royston, UK) to acquire images for 

computational analysis of scratch sizes using UGR Scratch Assay 6.2 software (DCI Labs, Peira Scientific 

Instruments, Beerse, Belgium). Migration assays with HUVECs were repeated three times and each 

condition was included at least five fold. 

Endothelial tube formation assay
Endothelial tube formation assays were essentially performed as described before [24]. Briefly, cells 

(5x104/well) in serum free medium alone (control) or serum free medium with prolactin (10, 100, 1,000 

and 10,000 µg/l) and/or del1-9-G129R-hPRL (20,000 µg/l) were resuspended in 0.3 ml of the indicated 

medium, and plated on 24-well plates pre-coated with growth factor-reduced (GFR) Matrigel (0.15 ml). 

After 18 hours at 37°C/5% CO2, each well was examined for endothelial cells alignment using a phase 

contrast tube microscope (Carl Zeiss MicroImaging, Inc. Thornwood, NY, USA). For quantification of 

endothelial tube formation, the number of tubes was counted in each well (divided in five fields) in a 

blinded fashion. The tube formation observed after incubation with serum free medium only was set 

at 100% and used as reference. Tube formation assays were repeated three times. 

Immunohistochemistry and spectral imaging 
Breast carcinoma tissue (invasive ductal carcinoma, T2N1, estrogen receptor negative, progesteron 

receptor negative, Human Epidermal growth factor Receptor 2 [HER2/neu]: negative) was 
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Prolactin induces angiogenesis in the CAM.
The angiogenic activity of prolactin was investigated in vivo using the early chicken embryo 

chorioallantoic membrane (CAM) assay. In control-treated embryos (0.9% NaCl), the capillary plexus was 

well developed and a homogeneous vascularization was observed (Figure 2A). Topical administration 

of prolactin induced a clear change in the morphology of the vasculature (Figure 2B). While digital 

analysis of the images did not reveal a change in the number of branching points (Figure 2D), 10 µg 

prolactin induced a clear increase in vessel density compared to control (3683/mm2 vs. 3337/mm2, 

respectively, p=0.007; Figure 2E). Moreover, prolactin enhanced the tortuosity of the vessels (Figure 2B). 

The exposure to prolactin induced pillar formation and intussusceptive angiogenesis in the larger blood 

vessels (arrows in Figure 2B), phenomena that are known to occur after exposure to the angiogenic 

growth factor VEGF [40,41]. These effects of prolactin were markedly diminished by addition of the 

prolactin receptor antagonist del1-9-G129R-hPRL (Figure 2C). 

Figure 2. Effect of prolactin on in vivo angiogenesis in the CAM. Images show the CAM (EDD9) with or without treatment 
with prolactin (PRL) and prolactin with its receptor antagonist (PRL+Anta). The vasculature is visualized by FITC-dextran 
fluorescence angiography (25 mg/kg, 20 kDa, λex = 470 nm). (A) untreated CAM with small vessels and the capillary network. 
(B) Angiography of a CAM treated with prolactin (1 µg/embryo/day). (C) Angiography after treatment with prolactin (1 µg/
embryo/day) mixed with its receptor antagonist (10 µg/embryo/day). Scale bar in A is valid for all 3 images. Arrows indicate 
the induced pillar formation and intussusceptive angiogenesis in the larger blood vessels. (D-E) Quantification of digital 
analysis of the angiography images. (D) Branching points/mm2 for CAM, stimulated with 0.9% NaCl alone (control, white 
bar) or 0.9% NaCl supplemented with the indicated amounts of prolactin (PRL, black bars). (E) Number of segments/mm2 
as a marker of vessel density for CAM, stimulated with 0.9% NaCl alone (control, white bar) or 0.9% NaCl supplemented 
with the indicated amounts of prolactin (PRL, black bars). Mean values (± standard error of the mean) are shown for two 
different experiments, in which each condition was included four times. **p<0.01. 

Statistical analysis 
Statistical analyses were conducted using GraphPad Prism version 5.0 software (San Diego, CA, USA). 

Data were plotted with GraphPad as well and expressed as means ± standard error of the mean. 

Comparisons between two conditions were analyzed using Student’s t-tests (tube formation and 

proliferation) when the results were normally distributed, and Mann-Whitney test otherwise. A p-value 

< 0.05 was considered to confer significance. 

RESULTS 

Activation and blockade of the prolactin receptor 
Upon activation of the prolactin receptor, the JAK-STAT signalling pathway is activated, with STAT5 as the 

primary mediator of prolactin action [2]. Additionally, ERK1/2 phosphorylation is also a major downstream 

target of prolactin receptor signalling [2]. Hence, we investigated the phosphorylation of STAT5 and 

ERK1/2 after exposure of 2H11 cells to a dose range of prolactin. As shown in Figure 1, prolactin induced 

a concentration-dependent phosphorylation of ERK1/2, starting at 10 µg/l  and culminating at 1,000 

µg/l (lane 5-8). Phosphorylation of ERK1/2 was decreased when using 10,000 µg/l prolactin (lane 9). 

Prolactin also induced the phosphorylation of STAT5, starting at 10 µg/l and peaking at 10,000 µg/l (lane 

5-9). Moreover, ERK1/2 and STAT5 phosphorylation induced by prolactin was completely abolished by 

addition of 20-fold molar excess of the prolactin receptor antagonist del1-9-G129R-hPRL (lanes 1 and 2 

compared to 6 and 7). The antagonist alone, even at extremely high concentrations (10,000 µg/l), failed 

to notably induce signalling (lane 3 and 4) (Figure 1). Overall, these data demonstrate that prolactin has 

a direct effect on endothelial cells, which is mediated by the prolactin receptor. 

Figure 1. Prolactin exerts a direct effect on endothelial cells. 2H11 endothelial cells, serum starved for eight hours, were 
stimulated for 30 min with prolactin (10, 100, 500, or 1,000 µg/l, lane 5-9), or with prolactin (100 or 500 µg/l) in combination 
with the prolactin receptor antagonist del1-9-G129R-hPRL (“Anta”; 2,000 or 10,000 µg/l, lane 1 and 2), or with del1-9-
G129R-hPRL alone (2,000 or 10,000 µg/l, lane 3 and 4). Cell lysates were analyzed using Western blot for phosphorylated 
STAT5 (“Phospho-STAT5”; top panel), phosphorylated ERK1/2 (“Phospho-ERK1/2”; middle panel), and tubulin as loading 
control (bottom panel). Shown is a representative picture of an experiment, which was performed three times with similar 
results. 
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hours. Representative pictures of the experiment showed that prolactin stimulated wound closure as 

compared to the control (Figure 4B-E). Quantification of the wound closure confirmed that prolactin 

significantly enhanced cell migration by 117.0±4%, (p=0.01) (Figure 4F). 

Figure 4. Prolactin stimulates endothelial cell migration. (A) Trans-well migration towards serum free medium of 2H11 
cells. Cells were stimulated for 18 hours either with 1,000 µg/l prolactin (PRL), serum free medium (SF), the prolactin 
receptor antagonist del1-9-G129R-hPRL (Anta) alone (20,000 µg/l) or prolactin 1,000 µg/l in combination with del1-9-
G129R-hPRL 20,000 µg/l (PRL+Anta). Fluorescence was measured every 2 minutes at the bottom side of the well. The level 
of fluorescence is shown and is representative for the number of migrated cells in time (relative fluorescence units; RFU). 
Shown is a representative example of an experiment performed three times, in which each condition was included three to 
six fold. (B-E) Migration of HUVECs as assessed in the wound scratch assay. After the wound scratch was performed, serum 
free medium (Control) or serum free medium supplemented with prolactin (PRL, 1,000 µg/l) was added and wound closure 
was monitored for eight hours. Figure B and D are representative pictures of the wound at t=0h. (C) Representative picture 
of wound closure after 8h hours incubation in the control condition. (E) Representative picture of wound closure after 8h 
hours incubation with prolactin (1,000 µg/l) over this period. Blue colour represents the digital calculated wound area, used 
for the analyses. (F) Quantification of wound closure with prolactin (PRL, black bar) expressed as percentage of the control 
(white bar). Shown are mean values (± standard error of the mean) for three different experiments. Each condition was 
included at least five fold.  ***p<0.001, *p<0.05

Effect of prolactin on endothelial cell survival. 
To investigate whether prolactin has a direct effect on the viability of endothelial cells, cultured cells of 

the 2H11 cell line were exposed to a dose range of prolactin (from 10 to 10,000 µg/l) for 18h and cell 

proliferation was assessed using the MTT assay. From 100 µg/l onwards, prolactin induced a subtle, 

but significant, increase in cell proliferation (105.5±2%, p=0.05; 115.4±3%, p<0.0001 and 116.9±4%, 

p=0.0005 for 100, 1,000 and 10,000 µg/l prolactin, respectively, Figure 3A). Similar results were obtained 

with human endothelial cells of primary origin (HUVEC, Figure 3B). We observed that 100, 1,000 and 

10,000 µg/l prolactin induced an even more discrete proliferation of HUVECs (respectively 109.2±2%, 

p=0.003; 105.0±2%, p=0.10 and 105.3±2%, p=0.04).

Figure 3. Prolactin slightly stimulates proliferation of endothelial cell cultures. (A) MTT assay on a cell culture of the 2H11 
endothelial cell line in serum free medium (control, white bar) or in serum free medium supplemented with the indicated 
concentrations of prolactin (PRL, black bars). Shown is the mean (± standard error of the mean) of six different experiments 
performed in octuplicate. (B) CellTiterGlo assay using primary human endothelial cells HUVECs in serum free medium 
(control, white bar) or serum free medium supplemented with the indicated concentrations of prolactin (PRL, black bars). 
Shown is the mean (± standard error of the mean) of two different experiments, in which each condition was included either 
two or five times. Results shown in A and B are expressed as relative induction of proliferation (% of control). ***p<0.001, 
**p<0.01, *p<0.05.

Prolactin stimulates endothelial cell migration. 
Another hallmark of angiogenesis is the capacity of endothelial cells to migrate. To test for migratory 

activity, dose ranges of prolactin were tested in a migration assay using 2H11 endothelial cells. 

While virtually no migration was observed in control conditions, exposure to 1,000 µg/l of prolactin 

significantly enhanced migration (p<0.0001, Figure 4A). Again, the antagonist del1-9-G129R-hPRL almost 

completely reverted the effects of prolactin on cell migration (p<0.0001, Figure 4A), demonstrating 

the involvement of prolactin receptor in prolactin-induced migration. 

To confirm these results with human endothelial cells of primary origin (HUVEC), a wound scratch 

assay was performed using the same concentration of prolactin. Wound closure was monitored for 8 
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Figure 5. Prolactin promotes endothelial tube formation. The 2H11 endothelial cells (5x104/well) were resuspended in (A) 
serum free medium (control),  (B) prolactin (PRL, 1,000 µg/l), and (C) prolactin (1,000 µg/l) in combination with antagonist 
del1-9-G129R-hPRL (PRL+Anta 20,000 µg/l) and tube formation was assessed after 18h. Shown are the representative 
pictures of an experiment performed three times. (D) Quantification of tube formation in the control condition (white bar) 
or 10-10,000 µg/l prolactin (PRL, black bars). (E) Quantification of tube formation in the control condition (white bar),  
or del1-9-G129R-hPRL alone (striped bar), or 1,000 µg/l prolactin (PRL, black bar) or prolactin in combination with  
del1-9-G129R-hPRL (grey bar). (D–E) are shown as mean values (± standard error of the mean) for three different 
experiments. *p<0.05 compared to the control, ^p<0.05 in comparison to prolactin 1,000 µg/l.

Prolactin stimulates tube formation
We further investigated the effect of prolactin on an in vitro assay of tube formation. 2H11 cells were 

cultured on a semi-natural, growth factor reduced, matrix (Matrigel) for 18 hours. Figure 5A, B and C are 

representative pictures of the formation of tube-like structures consisting of anastomosing vasculature-

like structures, in response to serum free medium (A), prolactin 1,000 µg/l (B) and prolactin 1,000 

µg/l in combination with antagonist 20,000 µg/l (C). Addition of prolactin stimulated tube formation 

in a dose-dependent manner (Figure 5D), with a trend towards an increase for concentrations as low 

as 10 and 100 µg/l, and a significant induction from 1,000 µg/l (216.6±42%, p=0.04) onwards, with 

a maximal induction of over 3-fold at 10,000 µg/l (327.3±78%, p=0.02), as compared to serum free 

medium alone. As shown in Figure 5C and 5E, administration of the prolactin receptor antagonist 

del1-9-G129R-hPRL at a concentration of 20,000 µg/l dramatically reduced tube formation induced 

by 1,000 µg/l prolactin to the level of the control condition (p=0.02). 

Prolactin receptor is expressed on endothelial cells in breast cancer tissue – spectral imaging.
Given the recognized stimulating effect of prolactin on the development of breast cancer [7,10-12,15], 

we aimed to investigate the potential clinical relevance of our in vivo and in vitro findings. To this 

end, we explored whether endothelial cells in breast carcinoma tissue express the prolactin receptor. 

Hence, we stained breast carcinoma tissue immunohistochemically, using a monoclonal antibody 

directed against the human prolactin receptor. The antibody was tested on placental tissue and stained 

positively for decidual cells as previously described [42]. This observation is in analogy with a recent 

study, which identified the 1A2B1 antibody as the more specific and reliable to detect the human 

prolactin receptor in breast cancer cell lines using immunohistochemistry [38]. The placenta tissue 

was fully negative with the isotype control [42]. The sequential double staining control did not show 

any signs of cross-reactivity between both staining sequences (data not shown). As such, this proves 

that the Vector ImmPACT SG grey reaction product shields the immunoreagents of the first sequence 

very effectively as is also reported for diaminobenzin reaction product [43]. 

Figure 6A demonstrates the double staining for prolactin receptor (turquoise) and CD34 (purple) in 

breast carcinoma tissue. To investigate the expression of the prolactin receptor on CD34-positive 

endothelial cells, spectral imaging was used to unmix both stainings. After spectral unmixing, pseudo-

coloured fluorescence-like images, as well as exclusive images of co-localization were obtained. While 

Figure 6B shows double staining, this technique is able to show the co-localization of both signals 

(yellow), indicating endothelial expression of prolactin receptor (Figure 6C). Figures 6D and 6E show the 

single signals for prolactin receptor and endothelial cells, respectively, counterstained with hematoxylin.
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DISCUSSION     

Physiologically, angiogenesis plays an important role during embryogenesis, and after birth, it 

contributes to organ growth. During adulthood, most blood vessels remain quiescent, and physiological 

angiogenesis occurs only in the cycling ovary, in the placenta during pregnancy and during wound 

healing [44]. Nonetheless, in many disorders, such as heart failure [45], ischemic heart disease [46], 

pre-eclampsia [47], malignancy [48], ocular [49] and inflammatory disorders [50] angiogenesis escapes 

its self-limiting control thereby leading to the progression of these pathologies. 

In this study, we show for the first time that prolactin is able to directly signal to endothelial cells. We 

observed phosphorylation of STAT5 and ERK1/2, which both have been shown to be involved in the 

induction of angiogenic events, such as proliferation, migration and tube formation of endothelial 

cells [51-54]. Interestingly, we repeatedly observed slightly less ERK1/2 phosphorylation in response 

to 10,000 µg/l prolactin than to 1,000 µg/l, whilst such an effect was not detectable for STAT5 

phosphorylation. Bell-shaped curves in prolactin receptor mediated dose-response assays have been 

reported in the past and were referred to as self-antagonism of prolactin at high concentration [55,56]. 

We additionally demonstrated that functional consequences of prolactin signalling on endothelial 

cells relate to angiogenesis. More specifically, we showed that prolactin induces vessel density and 

tortuosity in the CAM assay, and rearrangement of endothelial cells into tube structures on Matrigel. 

We demonstrated that prolactin induces a robust migration of endothelial cells. Importantly, we 

found that prolactin-induced signalling and angiogenesis were markedly diminished by the specific 

prolactin receptor antagonist del1-9-G129R-hPRL, thereby suggesting that the observed effects in 

response to prolactin are prolactin-receptor specific. Finally, we observed that the prolactin receptor 

is expressed in endothelial cells of vessels in breast carcinoma tissue. Overall, our data provide new 

insights in how prolactin may contribute to the progression of angiogenesis-related pathologies, such 

as, among other, breast cancer progression, where the role of prolactin has been particularly well 

studied. Indeed, it is now known that prolactin is synthesized by mammary epithelial cells [57,58]. 

Breast cancer mortality is predominantly due to metastasis, which is partly dependent on cell survival 

and motility. Previous studies focusing on epithelial breast cancer cells showed that prolactin triggers 

cytoskeletal reorganization and subsequent cell motility and invasion [59-61]. Moreover, exogenous 

prolactin is mitogenic and antiapoptotic in breast cancer cells, and overexpression of autocrine prolactin 

cDNA in breast cancer cell lines has been shown to stimulate their growth and to protect against 

chemotherapy-induced apoptosis. Autocrine prolactin acts as an inducible survival factor in clonogenic 

subpopulations of breast cancer cells [62]. In addition, in vitro treatment of human macrophages, 

the HC11 mouse mammary epithelial cell line and NB2 rat lymphoma cells with prolactin resulted 

in enhanced release of VEGF, providing an additional mechanism by which prolactin may (indirectly) 

contribute to tumor growth and metastasis [19,20]. Our results shed light on a novel potential aspect by 

which prolactin might influence tumor progression. In addition to targeting epithelial breast cancer cells 

and inflammatory cells, prolactin exerts a pleiotropic role by affecting endothelial cells and influencing 

angiogenesis, thereby creating a favourable microenvironment for tumor growth and metastasis. Of 

Figure 6. Immunohistochemical staining of the prolactin receptor and CD34 in mammary carcinoma. A) Staining of the 
prolactin receptor (turquoise) and CD34 (endothelial cells, purple), counterstaining with hematoxillin (blue). The pictures 
were digitally processed to unmix the different colours. Panel B shows a fluorescence-like image of both prolactin receptor 
(green) and CD34 (red) in pseudo-colours. Image C shows the areas where prolactin receptor and CD34 co-localize, and 
show endothelial expression of prolactin receptor. Panels D and E respectively show pseudo-fluorescent staining for the 
prolactin receptor (green), endothelial cells (red), and nuclei (blue). Scale bar=0.075 µm in Fig A–E. 
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both the 2H11 endothelial cell line, which is an accepted model of endothelial cells for angiogenesis 

assays as they express several well-recognized normal tissue endothelial cell markers [24,25], and 

HUVECs. The current proliferation and migration data were comparable for HUVECs and 2H11. Second, 

the concentrations of prolactin we used might seem unusually high. However, one should keep in mind 

that auto/paracrine prolactin production is increased in breast cancer [70], as epithelial breast cancer 

cells may be a source of an elevated local prolactin concentration [11]. We therefore chose to use these 

relatively high doses of prolactin in our experiments. Third, other studies showed that modified forms 

of prolactin (such as phosphorylated prolactin or the 16 kDa N-terminal fragment of prolactin) have 

anti-angiogenic properties [71,72].  However, it was hypothesized that 16 kDa prolactin exerts its effects 

via a different receptor, possibly belonging to the superfamily of the proliferin receptor [73]. Thus, it 

might be difficult to compare the results obtained with 16 kDa prolactin and the full-length hormone. 

Phosphorylated prolactin (derived from the pituitary) [72] has been shown to have anti-angiogenic 

properties. However, autocrine prolactin, secreted by mammary epithelial cells is unmodified, based 

on the ability of this autocrine prolactin to promote NB2 cell proliferation [58], thereby explaining the 

discrepancies in the effects on angiogenesis of the different forms of prolactin.

In conclusion, we propose that prolactin plays a role in the induction of angiogenesis, as a result 

of direct interaction with endothelial cells. This may provide a potential additional link with the 

progression of breast cancer. Endothelial cells are considered ideal therapeutic targets that would 

not become resistant to anti-angiogenic therapy. Indeed, the first anti-angiogenic agents have been 

approved for the treatment of tumor growth and metastasis by targeting endothelial, mural, stromal, 

haematopoietic and neoplastic cells, which release an array of chemokines and cytokines and other 

factors that may promote vessel growth or stabilization[44]. Hence, we suggest that the combination 

of cytotoxics and del1-9-G129R-hPRL may improve outcomes in breast cancer therapy, not only by 

targeting the cancer cell population, but also endothelial cells within the tumor could be a target for 

the prolactin receptor antagonist. In addition, these results can be extrapolated to other angiogenesis-

related pathophysiologies [74], where these strategies might be applied as well. Future studies aiming 

at a detailed in vivo understanding of the interplay between prolactin and angiogenesis, both in 

pathophysiological and physiological conditions, are warranted to establish the future therapeutic 

impact of the pathway. 
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note, angiogenesis does not initiate malignancy, but stimulates tumor progression and metastasis 

[44]. At the cellular level, angiogenesis comprises two different mechanisms: endothelial sprouting 

and intussusceptive microvascular growth [40]. The sprouting process is based on endothelial cell 

migration, proliferation and tube formation [63]. Several lines of evidence in our study strongly suggest 

that the proangiogenic effects of prolactin are rather due to the induction of endothelial cell motility 

than proliferation. Indeed, its effect on cell proliferation was subtle. In addition, the duration of our 

migration assays (ie 142 minutes for Boyden chamber assay and 8 hours for the wound scratch assay) 

suggest that the effects of prolactin do not likely rely on cell proliferation. These results are in line 

with another study demonstrating that high prolactin concentrations alter the actin cytoskeleton of 

endothelial cells in vitro [21].  

Growth and remodelling in the angiogenic process, on the other hand, result from intussusceptive 

angiogenesis alone, which involves transluminal tissue pillar formation and subsequent vascular splitting 

[40]. Struman and others have already shown that prolactin stimulated new capillary and blood vessel 

formation in the late-stage CAM assay (days 10-14), whilst they did not observe such an effect of 

prolactin in the early-stage CAM assay (day 6-8) [18]. These data are in line with ours, since we did not 

observe an effect of prolactin on branching points in the early-stage CAM assay (day 7-9). However, 

we did find that prolactin increases vessel formation and tortuosity of vessels in the CAM assay, and 

induced pillar formation, which is indeed indicative of intussusceptive angiogenesis [40]. Interestingly, 

the latter is an activity that is also seen in the action spectrum of VEGF [64]. Overall, our data suggest 

that prolactin affects both sprouting- and intussusceptive angiogenesis. Remarkably, while we did see 

a stimulatory effect of prolactin on endothelial cell migration, we did not find an effect on branching 

points in the CAM assay. We favour the view that the angiogenic activity of prolactin is subtle and in 

the CAM may be masked by the angiogenic cytokine storm of the developmental process. 

Several issues should be kept in mind when interpreting the data. First, as reviewed by Clapp and co-

workers, the roles of prolactin and its receptor on endothelial biology may be tissue-specific [65], which 

may be explained by a tissue-dependent difference in prolactin receptor heterogeneity and autocrine 

prolactin expression in the vasculature per se. This hypothesis might explain the discrepancies between 

our and others studies. In line with our data (showing little if any effect of prolactin on endothelial cell 

proliferation), incubation of 805 µg/l prolactin on bovine brain capillary endothelial cells up to 3 days 

induced a modest but not significant effect on proliferation [18,66], and the same results were observed 

for 48 hours incubation of rat retinal capillary endothelial cells with 2,3 to 2,300 µg/l prolactin [67]. 

Castilla et al. on the other hand, observed a significant effect of proliferation of bovine umbilical vein 

endothelial cells in response to follicular fluid containing almost 100 µg/l prolactin [68]. Additionally, 

Malaguernera et al. showed a dual effect of prolactin on cell proliferation: at low concentration (10 and 

25 µg/l), prolactin induced considerable proliferation of human dermal microvessel endothelial cells 

(respectively approx. 160% and 170%), while no proliferation was observed in response to 100 µg/l 

prolactin [69]. Moreover, in contrast with our data, using 10 and 25 µg/l of prolactin, these authors 

observed only a modest effect on tube formation on Matrigel (approx 113% and 120% respectively) 

[69]. In the present study, we used two different endothelial cell types in our assays. We made use of 
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For prolactin levels above the 75th percentile (8 μg/l), we found a gender-adjusted odds ratio of 1.7 

(95% CI 1.1-2.7) as compared to levels below the 50th percentile (6 μg/l). This relationship further 

increased up to an odds ratio of 4.7 (95% CI 1.9-11.7) for prolactin levels above the 97.5th percentile 

(16 μg/l). The risk was most pronounced in pre-menopausal women, indicating that the consequences 

of elevated prolactin action may be estrogen-dependent. In conclusion, our data suggest that prolactin 

levels are associated with leg vein thrombosis in a dose-dependent fashion. Future prospective studies 

are needed to establish the causality of this relationship and whether increased prolactin might serve 

as a therapeutic target in this regard. 

In chapter 5, we describe a case-control study of prolactinoma patients. We used sidestream dark field 

(SDF) imaging to measure sublingual microcirculatory function, and we found that the microvascular 

flow index, heterogeneity index and perfused vessel density were disturbed in prolactinoma patients. 

In accordance, fluorescein angiography (FAG) of the retina indicated that prolactinoma patients 

exhibit a trend towards dilatation of perifoveal capillaries. In particular, SDF and FAG are indicative 

for microvascular dysfunction. Additionally, prolactinoma patients had clinical parameters suggestive 

of a high cardiovascular risk profile, such as low HDL cholesterol (p=0.02) and high interleukin-6 levels 

(p=0.05), an elevated endogenous thrombin potential (p=0.002), as well as higher plasma prothrombin 

levels (p=0.001). Taken together, we found signs of microvascular dysfunction and increased markers 

of atherothrombosis in prolactinoma patients, which suggest that severely elevated prolactin levels 

may contribute to the atherothrombotic process, with a potential for an increased risk of developing 

atherothrombotic endpoints. 

In chapter 6, a hypothesis-generating review, we discuss the possible role of prolactin in peripartum 

cardiomyopathy (PPCM) and preeclampsia. Recent studies have indicated that lowering full-length 

prolactin production by bromocriptine therapy prevents the impairment of cardiac function in PPCM 

patients through inhibition of the formation of 16 kDa prolactin fragments. 

Interestingly, PPCM is associated with preeclampsia, however, a causal relationship has been disputed. 

We hypothesized that the pathophysiology of PPCM and preeclampsia might partly share the same 

molecular pathway: increased activity of trophoblastic matrix metalloproteinases at the feto-maternal 

interface may aggravate proteolysis of full-length prolactin, and subsequently the formed 16 kDa 

prolactin fragments may contribute to deterioration of PPCM and preeclampsia. We concluded that 

it may be worthwhile to explore whether prolactin inhibition is not only beneficial for PPCM patients, 

but also for the much more prevalent preeclamptic women. 

 

This thesis contains a wide array of studies performed during our quest for the potential role of 

the hormone prolactin in the development of atherosclerotic vascular disease, thrombosis and 

angiogenic processes. The thesis is divided into two parts: the first part consists of human studies 

addressing prolactin levels in relation to clinical aspects of various vascular disorders and - as an 

aside - a hypothesis-generating review on the role of prolactin in the development of peripartum 

cardiomyopathy (PPCM) and possibly preeclampsia. In the second part of the thesis we report on 

animal, ex vivo, and in vitro studies aimed at the fundamental clarification of a number of mechanisms 

by which prolactin may contribute to atherothrombosis or angiogenesis.  

PART I: PROLACTIN AND CLINICAL ASPECTS OF 
VASCULAR DISEASE.

In chapter 2, we report on a study in which we evaluate whether prolactin levels are associated with 

the occurrence of coronary artery disease (CAD). We performed a nested case-control study in the 

prospective EPIC-Norfolk cohort; we included study participants who did not report a history of heart 

attack or stroke at the baseline visit. Overall, circulating prolactin levels did not differ between cases 

and controls. Moreover, individuals in the highest prolactin tertile did not have a significantly increased 

risk of subsequently developing CAD. However, in a separate immunohistochemical observation, we 

demonstrate the presence of prolactin receptors in human coronary artery plaques, which were 

obtained post-mortem. The latter finding fueled our interest in further fundamental studies (Part 2, 

chapter 8). As we will explain later in the paragraph “Future perspectives”, we now feel that prolactin 

may only modulate atherosclerotic vascular disease when it is already present. Therefore, the nested 

EPIC-Norfolk cohort, which consists of individuals who did not report a history of heart attack or stroke 

at inclusion, may not have been the appropriate cohort to assess the significance of prolactin for CAD. 

In chapter 3, a case-control study is presented on the relationship between circulating prolactin levels, 

acute stress and the inflammatory response in patients with acute myocardial infarction. The current 

consensus in the scientific community is that pituitary prolactin preserves the immune response of 

the individual, resulting in homeostasis in case of a stress-induced suppressed immune response 

resulting from increased glucocorticoid levels [1]. Unexpectedly, prolactin levels in patients suffering 

from myocardial infarction were not elevated. However, univariate regression analysis showed that 

high sensitive CRP was positively associated with prolactin levels in patients during the acute phase 

of myocardial infarction (β 0.11; p=0.03), indicating that prolactin may play a role in the inflammatory 

response during myocardial infraction. 

In chapter 4, a study is described in which we measured prolactin levels in participants of a case-control 

study on leg vein thrombosis. Median prolactin levels were higher in cases (6.7 μg/l) than in controls 

(5.6 μg/l). Odds ratios for the risk of venous thrombosis clearly went-up with higher prolactin levels. 
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cells. Prolactin receptor signalling was demonstrated by augmented phosphorylation of the downstream 

signalling molecules ERK1/2 and STAT5 and indeed addition of the prolactin receptor antagonist, del1-

9-G129R-hPRL, reduced intracellular signalling and endothelial tube formation, indicating the specificity 

of the effects observed. Moreover, with immunohistochemistry we found that the prolactin receptor 

is present in endothelial cells in human breast carcinoma at the lumina of small vessels. These data 

suggest that prolactin-induced angiogenesis may play a role in the pathophysiology of cancers, e.g. 

breast carcinoma. 

Future perspectives
Our quest for the potential role of prolactin in the development of cardiovascular and thrombo-embolic 

diseases raised various questions. Therefore, our data offer multiple perspectives for further studies 

in both fundamental research and clinical studies.

Perspectives on prolactin and atherosclerotic vascular disease.
In this thesis, we show that prolactin does not affect platelet function in vitro and additionally that 

platelets do not express the prolactin receptor (chapter 7). We therefore suggest that prolactin does 

not affect arterial thrombogenesis through a direct effect on platelets. 

The function of prolactin produced locally in other tissues than the anterior pituitary depends on the 

cell type from which it is released. In that sense, auto/paracrine prolactin secreted by breast cancer 

cells may contribute to proliferation of cancer cells and thus to tumor growth [2]. Since we did not 

find any expression of prolactin itself within atherosclerotic plaques (chapter 8), we propose there is 

no auto/paracrine mechanism that involves prolactin in atherosclerotic vascular disease. Instead, we 

feel that we should aim our attention at the potential endocrine role of pituitary prolactin. 

In the field of Vascular Medicine, a lot of research focuses on the identification of both risk factors 

for atherogenesis as well as on markers of early disease that, over and above of conventional risk 

factors, could improve risk stratification. We observed that systemic prolactin levels, within the 

physiological range, as released from the pituitary, do not predict the occurrence of coronary artery 

disease in a population without pre-existing atherosclerosis (chapter 2). On the other hand, in chapter 

3 we observed that prolactin is involved in the systemic inflammatory response in patients suffering 

from myocardial infarction and in chapter 8, we describe the presence of the prolactin receptor in 

macrophages and T-cells within atherosclerotic plaques. Against this background, we hypothesize that 

prolactin may modulate the progression of atherosclerotic vascular disease only when the underlying 

process is already present. Further studies are needed to evaluate whether prolactin levels may be 

predictive of the recurrence of coronary artery disease (CAD). Herein, GWAS studies that explore the 

association between single nucleotide polymorphisms (SNPs) in the gene encoding prolactin or its 

receptor or SNPs associated with prolactin levels, and the occurrence of cardiovascular disease, could 

offer a useful strategy. 

In chapter 5, we show that the plasma of prolactinoma patients has a higher capacity to generate 

thrombin upon activation of coagulation. Strikingly, despite a lack of clinical evidence, experimental 

PART II: THE EFFECT OF PROLACTIN ON 
PATHOPHYSIOLOGICAL MECHANISMS THAT PARTAKE 
IN ATHEROTHROMBOSIS OR ANGIOGENESIS.

In chapter 7, we first studied the role of prolactin in platelet function, since platelets play a crucial 

role in the process of atherothrombosis. Venous blood was collected from six healthy males. Platelet 

activation was studied by flow cytometry in whole blood and by optical as well as by whole blood 

aggregation. In response to the addition of either 50 or 1000 µg/l prolactin, no evidence of platelet 

activation or aggregation was found. In addition, ADP-induced platelet activation or aggregation was 

not enhanced by prolactin. Finally, prolactin receptors could not be detected on the surface of platelets 

with Western blotting or flow cytometry. These data indicate that prolactin, at least in the range we 

used in our experiments, does not directly modulate platelet function in humans.

In chapter 8, we report on a study in which we set out to demonstrate, by quantitative real time PCR, 

the presence of the prolactin receptor and prolactin in human atherosclerotic plaques. We indeed 

discovered mRNA of its receptor, but not of prolactin itself. In situ hybridization confirmed expression of 

the prolactin receptor in mononuclear cells. Analysis at the protein level using immunohistochemistry 

and immuno-electron microscopy revealed that the prolactin receptor was abundantly present in 

macrophages, near the lipid core and shoulder regions of the plaques. The next challenge is to get a 

better understanding of the biological role of those prolactin receptors in human atherogenesis and 

plaque formation. 

Chapter 9 describes a study in which we explored the cause of the deteriorated metabolic phenotype as 

observed in prolactinoma patients. Hyperprolactinemia was induced by treatment with the dopamine 

receptor D2 antagonist haloperidol and this was associated with glucose intolerance (p=0.02) in high 

cholesterol/high fat diet-fed low-density lipoprotein (LDL) receptor knockout mice. Additionally, 

hyperprolactinemic mice exhibited a significant increase in plasma very-low-density lipoprotein (VLDL) 

and LDL levels (p<0.001). Furthermore, hepatic unesterified cholesterol levels were 24% higher (p=0.02) 

in hyperprolactinemic mice. In accordance with this phenotype reminiscent of hepatic steatosis, we 

detected a marked increase in the hepatic mRNA expression level of macrophage markers of pro-

inflammatory cytokines. Remarkably, despite the atherogenic phenotype in the hyperprolactinemic LDL 

receptor knockout mice, we observed a significant decrease (p=0.04) in the extent of atherosclerotic 

lesion formation in the aortic root. 

 

In chapter 10, we demonstrate how prolactin may affect angiogenesis-related endothelial cell 

function. In the in vivo model of the chorioallantoic membrane of the chicken embryo (CAM), prolactin 

induced enhanced tortuosity of the vasculature, as well as pillar formation, a sign of intussusceptive 

angiogenesis. Additionally, a significant stimulation of endothelial cell tube formation was observed 

in vitro, which is likely to result from migration and to a lesser extent from proliferation of endothelial 
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Additionally, following preliminary studies conducted by others in the eighties and nineties [7-8], 

it seems of relevance to explore potential mechanisms by which prolactin could modulate cellular 

pathways that contribute to thrombus formation. 

Perspectives on prolactin and angiogenesis-related diseases.
Our hypothesis that lowering prolactin levels might benefit preeclamptic patients (chapter 6) needs 

further fundamental and clinical research. In chapter 10 we propose that prolactin acts on endothelial 

cells by stimulating angiogenesis directly through activation of the prolactin receptor, and that this effect 

can be inhibited by the prolactin receptor antagonist del1-9-G129R-hPRL. Our data may be of clinical 

relevance in disorders in which angiogenesis contributes to the pathophysiology, such as in breast 

cancer. Since the second generation human prolactin receptor antagonists are good candidates to be 

used as inhibitors of migration- and proliferation-promoting actions of prolactin on breast cancer cells 

[9], we suggest it would be worthwhile to explore whether these antagonists also inhibit angiogenesis 

in pathophysiological conditions in vivo. 

data indicate that the coagulation system is an important determinant of both atherogenesis and 

atherothrombosis [3]. Rates of cardiovascular morbidity and mortality among prolactinoma patients 

are unknown; nonetheless, these patients exhibit the prototype of the metabolic syndrome, as we 

explained in chapter 5 and chapter 9. Interestingly, having the metabolic syndrome is predictive of 

cardiovascular disease and mortality [4,5]. Against this background, we explored in an established 

atherosclerotic mouse model whether elevation of systemic prolactin levels affects atherosclerotic 

plaque development (chapter 9). Indeed, we found that hyperprolactinemic mice display a high 

cardiovascular metabolic risk profile, reflected by higher plasma VLDL- and LDL-cholesterol levels and 

impaired glucose tolerance, which may probably results from increased insulin resistance. In fact, this 

metabolic profile resembles that of prolactinoma patients. Unexpectedly, atherosclerotic lesion size 

in hyperprolactinemic mice was smaller in comparison to control mice. The results in LDL-receptor 

knockout mice as described in chapter 9 may provide a direction as to which action the prolactin 

receptor performs within atherosclerotic lesions. However, given the disparity in physiological functions 

of prolactin between mice and humans [6], it is unclear how our findings as described in chapter 9 

apply to prolactinoma patients. Moreover, it is uncertain to which extent the observed effects in the 

mice in chapter 9 result from haloperidol. Additional research is needed to further investigate the 

role of prolactin receptor activation in atherosclerotic plaque development. In vivo studies involving 

animal experiments with prolactin receptor knockout mice seem to be the most appropriate here. 

As long as it is unclear what the netto-effect of a high prolactin level on cardiovascular risk might be, 

we feel that the atherogenic phenotype in prolactinoma patients (chapter 5) and in mice (chapter 9) 

implicate that we should screen prolactinoma patients for potential metabolic disturbances that could 

increase the risk of cardiovascular disorders and treat them accordingly. It could also be of interest to 

investigate the occurrence of cardiovascular disease among prolactinoma patients, although the set 

up of such a study would be difficult. After all, when patients are diagnosed with a prolactinoma they 

are often young and subsequently treated with a dopamine-agonist. In a prospective trial, it would 

take a long period to wait for the occurrence of cardiovascular disorders and the prolactin-mediated 

effects may be extinguished by the medication. 

Perspectives on prolactin and venous thrombosis.
As described in chapter 5, prolactinoma patients display an elevated endogenous thrombin potential, 

as well as higher plasma prothrombin levels. Further studies are required to evaluate how these 

coagulation abnormalities affect the risk of venous thrombosis. Also, in chapter 4 we found that 

prolactin levels are higher in leg vein thrombosis cases than in controls and the odds for risk of 

venous thrombosis clearly increased with higher prolactin levels, but only among pre-menopausal 

women. Since these associations do not per se imply causality, we propose it would be worthwhile to 

investigate prospectively whether prolactin levels predict the occurrence and recurrence of venous 

thrombosis. Until definitive evidence is available, clinicians should be aware of the possibility that 

higher prolactin levels, even still within the physiological range, may play a role in the pathogenesis 

of venous thrombosis. 
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Anne Q. Reuwer

Hoofdstuk 1 van dit proefschrift is een algemene inleiding op het onderwerp. Hierin leggen we uit dat 

verscheidene stoornissen in de hormoonhuishouding geassocieerd zijn met een toegenomen risico op 

hart-en vaatziekten en mogelijk ook het risico op veneuze trombose vergroten. Zelfs subtiele stoornissen 

kunnen het risico hierop beïnvloeden. Van het hormoon prolactine was het echter nog niet bekend 

of het een rol zou kunnen spelen bij de ontwikkeling van bovengenoemde vasculaire aandoeningen. 

Atherosclerose, atherothrombose en veneuze thrombose (bron: www.wikipedia.nl)
Met “atherosclerose”, ook wel “aderverkalking” genoemd, wordt een geleidelijk proces van 

veranderingen aan de binnenkant van slagaders bedoeld. De veranderingen gaan gepaard met een 

vernauwing en het stugger en minder elastisch worden (‘verkalken’) van de slagaders, waardoor de 

doorbloeding van weefsels en organen geleidelijk slechter wordt. Vetachtige stoffen (waaronder 

cholesterol), ontstekingscellen (o.a. macrofagen) en kalkneerslagen hopen zich op in zogenoemde 

‘atherosclerotische plaques’. Wanneer zo’n atherosclerotische plaque losschiet en een bloedvat 

dusdanig afsluit dat er een relatief zuurstoftekort ontstaat, spreken we van “atherothrombose”. 

Dit is bijvoorbeeld het geval bij coronaire hartziekten (angina pectoris, hartinfarct) en beroertes. 

In de aders kan een “veneuze trombose” ontstaan, wat bijvoorbeeld aan de orde is bij mensen 

met een trombosebeen. Een thrombose ontstaat door stoornissen in de vaatwand, stoornissen in 

het stromingspatroon van het bloed en de samenstelling van het bloed zelf. Bloedstolling is een 

buitengewoon complex proces waarbij vooral de bloedplaatjes en een groot aantal eiwitten in het 

bloed betrokken zijn. 

Prolactine
Prolactine is een hormoon wat voornamelijk bekend is vanwege de stimulerende werking die het 

op borstklierweefsel heeft, waardoor melk wordt aangemaakt opdat borstvoeding kan plaatsvinden. 

Echter in de afgelopen 20 jaar is het duidelijk geworden dat prolactine veel meer functies heeft en 

niet alleen door de hypofyse, maar ook door andere weefsels en verschillende celtypen afgegeven 

wordt. Zo blijkt uit laboratorium- en dierstudies dat prolactine bijdraagt aan de handhaving van het 

afweersysteem. Prolactine oefent effecten uit in verscheidene weefsels door prolactine-receptoren 

op verschillende celtypen te activeren. Enkele van deze effecten zouden ook relevant kunnen zijn 

voor atherosclerotische en thrombotische processen. Daarnaast was bekend dat mensen met een 

prolactinoom, een goedaardige tumor van de hypofyse die grote hoeveelheden prolactine produceert, 

bepaalde kenmerken vertonen waardoor ze mogelijk een hoger risico lopen op het krijgen van 

atherosclerotische en thrombotische aandoeningen. 
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oplopende odds ratio’s in pre-menopauzale vrouwen. Daarom denken we dat er mogelijk een relatie 

is tussen prolactine en oestrogenen in de pathofysiologie van trombosebenen. Hoewel uit deze studie 

blijkt dat prolactine spiegels in het bloed gerelateerd zijn aan het voorkomen van trombosebenen, is 

het vooralsnog onduidelijk of er ook een oorzakelijk verband is en er dus mogelijke therapeutische 

opties bestaan. 

In hoofdstuk 5 maken we gebruik van sidestream dark field  beeldvorming om de kleinste bloedvaatjes 

(microcirculatie) onder de tong van prolactinoompatiënten en gezonde vrijwilligers in kaart te 

brengen. We vonden dat de microcirculatie onder de tong van prolactinoom patiënten verstoord 

was. Daarnaast vonden we met fluoresceine angiografie dat prolactinoompatiënten vaker verwijding 

van vaatjes rondom de gele vlek van het netvlies (perifoveale capillairen) hebben, wat kan duiden op 

stoornissen van de microcirculatie daar. Daarnaast bleken in het bloed van prolactinoom patiënten 

bepaalde parameters verhoogd te zijn, namelijk interleukine 6, endogenous thrombin potential en 

prothrombine, terwijl het goede HDL-cholesterol verlaagd is. Dit zou erop kunnen duiden dat een hoog 

prolactine gehalte het beloop van atherothrombotische aandoeningen kan beïnvloeden, met mogelijk 

een verhoogd risico voor het ontwikkelen van atherothrombotische aandoeningen bij prolactinoom 

patiënten. 

Hoofdstuk 6 is een hypothese genererende review waarin we beschrijven hoe prolactine een rol zou 

kunnen spelen bij zowel peripartum cardiomyopathie (PPCM) als pre-eclampsie, een veel voorkomende 

endotheelziekte bij zwangeren. Uit recente studies is naar voren gekomen dat de remming van 

de prolactine productie door bromocriptine verslechtering van de hartfunctie bij PPCM patiënten 

tegengaat, doordat minder korte 16 kDa prolactine fragmenten gevormd kunnen worden. 

Een interessant gegeven is dat PPCM geassocieerd is met een toegenomen prevalentie van pre-

eclampsie. Echter, of er een causale relatie tussen deze twee aandoeningen bestaat, is eerder 

betwijfeld. Wij hebben de hypothese dat PPCM en pre-eclampsie dezelfde pathofysiologie delen: een 

toegenomen activiteit van matrix metalloproteinases afkomstig van de foetale trofoblast stimuleert 

mogelijk proteolyse van het hele molecule prolactine tot het 16 kDa fragment op de feto-maternale 

grens. Dit zou kunnen leiden tot verergering van PPCM dan wel pre-eclampsie. 

Dit proefschrift bespreekt de manieren waarop het hormoon prolactine een rol zou kunnen spelen 

bij het ontstaan van vasculaire aandoeningen. Het eerste gedeelte van dit proefschrift bestaat uit 

studies naar klinische aspecten van vasculaire ziekten in relatie tot prolactine. In het tweede gedeelte 

onderzoeken we aan de hand van laboratoriumexperimenten mogelijke mechanismen waardoor 

prolactine zou kunnen bijdragen aan de ontwikkeling van vasculaire aandoeningen. 

DEEL 1: PROLACTINE EN KLINISCHE ASPECTEN VAN 
VASCULAIRE ZIEKTEN. 

Hoofdstuk 2 gaat over een studie waarin we hebben onderzocht of prolactine spiegels atherothrombose 

van de kransslagaderen (angina pectoris en hart-infarcten, zgn. coronairziekten) kunnen voorspellen. 

Hiertoe hebben we gebruik gebruikt van een case-control cohort, waarbij we alleen mensen 

analyseerden die op moment van inclusie nog nooit een hartinfarct of beroerte hadden gehad. 

Prolactine spiegels in het bloed bleken niet te verschillen tussen mensen die in de loop van de tijd 

coronairziekten ontwikkelden en mensen die hiervan gevrijwaard bleven. Bovendien bleek met 

oplopende prolactine spiegels het risico op coronairziekten niet toe te nemen. 

Met behulp van immunohistochemie hebben we echter aangetoond dat er prolactine receptoren 

aanwezig zijn in atherosclerotische plaques afkomstig van kransslagaderen (coronairen). Deze laatste 

bevinding enthousiasmeerde ons om verder basaal onderzoek te verrichten (Deel II, hoofdstuk 8). Zoals 

we later zullen uitleggen in de paragraaf “Toekomstperspectieven”, denken wij nu met terugziende 

blik dat prolactine slechts het beloop van atherosclerotische aandoeningen kan beïnvloeden, 

m.a.w.: prolactine kan alleen een effect hebben wanneer er al sprake is van atherosclerotisch lijden. 

Ons EPIC-Norfolk cohort, waarbij mensen bij inclusie in principe gezond waren en niet leden aan 

atherosclerotische aandoeningen, was daarom achteraf gezien waarschijnlijk niet het geschikte cohort 

om het effect van prolactine op atherosclerose te beoordelen. 

In hoofdstuk 3 beschrijven we de relatie tussen prolactine, acute stress en ontsteking bij patiënten die 

lijden aan een hartinfarct. Het krijgen van een hartinfarct gepaard gaat met allerlei ontstekingsprocessen 

en een verhoogde stressreactie van het lichaam. Ook weten we dat de hypofyse meer prolactine afgeeft 

bij verschillende vormen van stress. Bovendien is uit verschillende studies gebleken dat prolactine 

ontstekingsprocessen kan beïnvloeden en vice versa. 

De prolactine waarden in het bloed van patiënten met een hartinfarct bleken niet verhoogd te 

zijn. Echter, we vonden wel een associatie tussen prolactine en hsCRP, een marker van systemische 

ontsteking. Deze bevindingen wijzen er mogelijk op dat prolactine een rol speelt in de ontstekingsreactie 

die optreedt ten tijde van een hartinfarct. 

In hoofdstuk 4 laten we zien dat prolactine waarden in het bloed van patiënten die lijden aan een 

trombosebeen hoger zijn dan in het bloed van gezonde mensen. Het bleek dat de oplopende odds 

ratio’s in de gehele groep met patiënten (mannen en vrouwen) voornamelijk het gevolg waren van 
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structuren in vitro te bevorderen, wat het gevolg is van migratie en in mindere mate van proliferatie 

van endotheelcellen. Ook bleek dat prolactine de fosforylering van de prolactine receptor signaal 

transductie moleculen ERK1/2 and STAT5 in endotheelcellen in gang zet en inderdaad werd deze 

fosforylering en de vorming van vaatachtige structuren in vitro geremd door de prolactine receptor 

antagonist del1-9-G129R-hPRL. Bovendien lieten we met immunohistochemie zien dat prolactine 

receptoren aanwezig zijn in endotheel cellen van vaatjes in menselijk borstkanker weefsel. Onze data 

suggeren dat prolactine angiogenese stimuleert en aldus een dergelijke rol zou kunnen hebben in de 

pathofysiologie van kanker, zoals borstkanker. 

Toekomstperspectieven
Onze zoektocht naar de mogelijke rol van prolactine in de ontwikkeling van cardiovasculaire en thrombo-

embolische aandoeningen heeft verschillende vragen opgeroepen. Onze data bieden verschillende 

mogelijkheden voor zowel fundamentele als klinische studies. 

Perspectieven ten aanzien van prolactine en atherothrombose.
In dit proefschrift laten we zien dat prolactine in vitro geen effect heeft op de functie van bloedplaatjes, 

bovendien brengen bloedplaatjes ook geen prolactine receptor tot expressie (hoofdstuk 7). Op basis van 

deze bevindingen stellen wij dat prolactine geen effect kan hebben op atherothrombose via modulatie 

van bloedplaatjesfunctie. 

De functie van prolactine wat lokaal wordt afgegeven door andere weefsels dan de hypofyse hangt 

af van het celtype dat het prolactine afgeeft. Prolactine wat bijvoorbeeld wordt afgegeven door 

borstkankercellen, zorgt mogelijk voor tumorgroei. Aangezien wij geen expressie van prolactine in 

atherosclerotische plaques vonden (hoofdstuk 8), denken wij niet dat er een rol is voor prolactine wat 

lokaal in atherosclerotische plaques wordt afgegeven. In plaats daarvan denken we dat het zeer de 

moeite waard is ons in dit kader te richten op prolactine dat door de hypofyse wordt geproduceerd. 

Binnen de vasculaire geneeskunde is veel onderzoek gericht op het identificeren van zowel 

risicofactoren als op markers van vasculaire aandoeningen die zich nog in een vroeg ziektestadium 

bevinden. Deze markers zouden dan in aanvulling op conventionele risicofactoren de risico-

inschatting alsnog kunnen verbeteren. Wij hebben vastgesteld dat prolactine spiegels in het bloed 

bij mensen die geen pre-existent atherosclerotisch lijden hebben, niet kunnen voorspellen of iemand 

een aandoening van de coronairen zal krijgen (hoofdstuk 2). Toch laten we in hoofdstuk 3 zien dat 

prolactine waarschijnlijk een rol speelt in de inflammatoire respons ten tijde van een hartinfarct en 

in hoofdstuk 8 beschrijven we dat prolactine receptoren aanwezig zijn in macrofagen en een ander 

type ontstekingscellen (T-cellen) in atherosclerotische plaques. Tegen deze achtergrond hebben wij 

de hypothese dat prolactine slechts de voortgang van atherosclerose kan beïnvloeden en niet het 

ontstaan ervan. Toekomstige studies zullen moeten uitwijzen of prolactine wel het opnieuw lijden 

aan ischemische coronairaandoeningen kan voorspellen (zgn. re-events). Hiertoe zouden zogenaamde 

GWAS studies die de associatie tussen single nucleotide polymorphisms (SNP’s) in het gen wat codeert 

voor prolactine of voor de prolactine receptor of SNP’s geassocieerd met prolactine spiegels, en het 

DEEL II: HET EFFECT VAN PROLACTINE OP 
MECHANISMEN DIE EEN ROL SPELEN BIJ HET 
ONTSTAAN VAN ATHEROTHROMBOSE OF 
ANGIOGENESE (VAATNIEUWVORMING).

In hoofdstuk 7 hebben we het effect van prolactine op de functie van bloedplaatjes onderzocht in 

het laboratorium. Hiertoe hadden we bloed afgenomen van zes gezonde vrijwilligers. Activatie van 

bloedplaatjes werd bestudeerd door gebruik te maken van flow cytometrie, van optische aggregatie 

met bloedplasma en van volbloed aggregatie. Noch in reactie op 50, noch in reactie op 1000 µg/l 

prolactine, raakten bloedplaatjes geactiveerd. Vervolgens voegden we eerst ADP, wat een bekende 

plaatjes activator is, toe aan de plaatjes en daarna prolactine. Ook nu bleek prolactine bleek niet in 

staat om de plaatjesactivatie te verhogen. Inderdaad kwam uit Western blot en flow cytometry naar 

voren dat bloedplaatjes geen prolactine receptor tot expressie brengen. Samengevat wijzen onze data 

erop dat prolactine niet in staat is om direct de functie van bloedplaatjes te moduleren.  

In hoofdstuk 8 beschrijven we dat we met behulp van kwantitatieve real time PCR weliswaar mRNA van 

de prolactine receptor vonden in atherosclerotische plaques afkomstig van mensen, maar dat we hierin 

geen mRNA van prolactine zelf hebben kunnen aantonen. In situ hybridizatie wees uit dat mRNA van 

de prolactine receptor in mononuclaire cellen voorkomt. Met behulp van immunohistochemie vonden 

we dat prolactine receptoren in hoge mate aanwezig zijn in bepaalde macrofagen in het instabiele 

gedeelte van atherosclerotische plaques. De klinische betekenis van deze bevindingen is vooralsnog 

onduidelijk. De volgende uitdaging is om een beter begrip te krijgen van de biologische rol die deze 

prolactine receptoren hebben bij de vorming van atherosclerotische plaques. 

In hoofdstuk 9 zijn we nagegaan wat de oorzaak is van de metabole verstoringen zoals die 

gezien worden bij prolactinoom patiënten en wat voor effect hoog prolactine in het bloed op 

de ontwikkeling van atherosclerose heeft. Hiertoe hebben we muizen die door hun genetische 

achtergrond atherosclerose kunnen krijgen behandeld met haloperidol. Dit is een geneesmiddel wat 

als bijwerking heeft dat de hypofyse meer prolactine produceert. In lijn der verwachting hadden 

muizen die behandeld waren met haloperidol hogere prolactine waarden in hun bloed. We vonden 

dat deze hyperprolactinemische muizen ook een hoger cholesterol gehalte in de lever hebben, wat 

waarschijnlijk hun hoge VLDL en LDL cholesterol gehalte in het bloed en hun glucose intolerantie 

verklaart. Inderdaad worden laatstgenoemde afwijkingen ook bij prolactinoom patiënten gezien. Echter, 

de hyperprolactinemische muizen bleken juist 30% minder atherosclerose te ontwikkelen in vergelijking 

met normoprolactinemische muizen. 

In hoofdstuk 10 laten we met een in vivo model van het chorioallantoid membraan van een kippen 

embryo zien dat prolactine de vaatdichtheid en tortuositeit van vaatjes verhoogt, wat een teken 

is van intussusceptieve angiogenesis. Bovendien bleek prolactine de vorming van vaatachtige 
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bevindingen het risico op het oplopen van een veneuze trombotische aandoening beïnvloeden, is 

onduidelijk. In hoofdstuk 4 beschrijven we dat prolactine spiegels hoger zijn in mensen die lijden aan 

een trombosebeen, dan bij mensen waarbij dat niet het geval is. Bovendien bleek de odds voor een 

trombosebeen toe te nemen bij oplopende prolactine waarden. Deze relatie werd alleen significant 

bevonden bij pre-menopauzale vrouwen. Omdat deze bevindingen niet per se causaliteit impliceren, 

is het van belang om te onderzoeken of prolactine waarden het optreden van trombosebenen kunnen 

voorspellen. 

Bovendien is het interessant om, in navolging op studies uit de jaren tachtig en negentig, potentiële 

mechanismen te onderzoeken waardoor prolactine cellulaire paden zou kunnen moduleren, die kunnen 

bijdragen aan de ontwikkeling van thrombotische aandoeningen.

Perspectieven ten aanzien van prolactine en angiogenese-gerelateerde aandoeningen
Onze hypothese dat verlaging van de prolactine spiegel mogelijk voordelig uitpakt voor pre-eclamptische 

vrouwen (hoofdstuk 6) behoeft verder onderzoek. In hoofdstuk 10 zetten we uiteen hoe prolactine 

endotheelcellen aanzet tot de vorming van vaatachtige structuren en dat dit effect wordt opgeheven 

door de prolactine receptor antagonist del1-9-G129R-hPRL. Deze bevindingen zijn mogelijk relevant 

bij ziekten waarbij angiogenese een rol speelt in de pathofysiologie, zoals dat bij borstkanker het 

geval is. Aangezien de tweede generatie humane prolactine receptor antagonisten goede kandidaten 

zijn om te gebruiken als remmers van migratie-effecten van prolactine op borstkankercellen, zou 

het de moeite waard kunnen zijn om na te gaan of deze antagonisten ook angiogenese remmen in 

pathofysiologische condities in vivo. 

voorkomen van cardiovasculaire aandoeningen, een bruikbare strategie zijn. 

In hoofdstuk 5 laten we zien dat het plasma van prolactinoompatiënten een grotere capaciteit heeft om 

te stollen. Hoewel klinisch bewijs ontbreekt, wijzen experimentele data erop dat het stollingssysteem 

kan bijdragen aan de ontwikkeling van atherothrombotische aandoeningen. 

Cijfers van cardiovasculaire ziekte en sterfte van prolactinoompatiënten zijn er niet. Toch presenteren 

deze patiënten zich met kenmerken die passen bij het metabool syndroom, zoals we toelichten in 

hoofdstuk 5 en hoofdstuk 9. Interessant genoeg hebben mensen die lijden aan het metabool syndroom 

een verhoogde kans op cardiovasculaire aandoeningen en sterfte als gevolg daarvan. Deze zaken in 

overweging nemend besloten wij om te onderzoeken of erg hoge prolactine spiegels de ontwikkeling 

van atherosclerotische plaques zouden kunnen beïnvloeden in muizen (hoofdstuk 9). Inderdaad 

vonden we dat hyperprolactinemische muizen net zoals prolactinoom patiënten een zogenaamd hoog 

cardiovasculair risico-profiel hadden, wat zich uitte als hogere plasma VLDL en LDL-cholesterol waarden 

en een afgenomen glucose tolerantie, wat, vorige studies in acht nemend, waarschijnlijk het gevolg 

is van een toegenomen insuline resistentie. Tegen alle verwachting in bleek dat de grootte van de 

atherosclerotische plaques kleiner was in hyperprolactinemische muizen dan in normoprolactinemische 

muizen. De resultaten met de muizen zoals beschreven in hoofdstuk 9 geven een indicatie van de functie 

die prolactine receptoren zouden kunnen hebben in atherosclerotische lesies. Het blijft de vraag hoe 

deze bevindingen te vertalen zijn naar mensen, aangezien functies van prolactine in muizen nogal 

eens bleken te verschillen van die in mensen. Ook is het onduidelijk in hoeverre haloperidol heeft 

bijgedragen aan de resultaten zoals beschreven in hoofdstuk 9. Aanvullende studies zijn absoluut nodig 

om de mogelijke rol van prolactine receptor activatie bij de ontwikkeling en groei van atherosclerotische 

plaques te onderzoeken. Studies met muizen die dusdanig genetisch gemanipuleerd zijn waardoor ze 

geen prolactine receptor meer hebben lijken hiertoe het meest voor de hand te liggen. 

Zolang het nog niet duidelijk is wat het netto effect is van een hoog prolactine gehalte op cardiovasculair 

risico, denken we dat het atherogene fenotype in prolactinoompatiënten (hoofdstuk 5) en muizen 

(hoofdstuk 9) erop wijst dat het belangrijk is om prolactinoompatiënten te screenen op eventuele 

metabole verstoringen waarvan het bekend is dat zij in principe het risico op cardiovasculaire 

aandoeningen doen toenemen en hen daar ook adequaat voor te behandelen. Wellicht is het ook 

interessant om te onderzoeken wat de cardiovasculaire morbiditeit en mortaliteit onder prolactinoom 

patiënten is, hoewel de opzet voor een dergelijke studie lastig is. Immers, wanneer wordt vastgesteld 

dat mensen lijden aan een prolactinoom, zijn zij vaak nog jong en bovendien wordt opeenvolgend 

vaak met prolactine-verlagende medicatie begonnen. Bij een prospectieve studie zou het daarom lang 

wachten zijn op cardiovasculaire ischemische aandoeningen en bovendien zal een gedeelte van de 

prolactine-gemedieerde effecten uitgeblust zijn door de medicatie. 

Perspectieven ten aanzien van prolactine en veneuze thrombose 
Zoals in hoofdstuk 5 beschreven, hebben prolactinoom patiënten een hogere endogenous thrombin 

potential en tevens hogere prothrombine spiegels, wat waarschijnlijk aangeeft dat prolactine de 

aanmaak van prothrombine, een eiwit wat betrokken is bij de bloedstolling stimuleert. Hoe deze 
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