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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 

188 189



Summary, conclusions and perspectives

Ch
ap

te
r 

11

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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