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Summary 
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 pro-
lactin 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 lig-
and-binding conformation of αIIbβ3), and by (ii) optical aggre-
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gation and whole blood aggregation.  All studies were perform-
ed 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 pres-
ence of the prolactin receptor was investigated by Western blot 
and flow cytometry. In response to either 50 or 1,000 μg/l pro-
lactin, no evidence of platelet activation or aggregation was 
found. In addition, ADP-induced platelet activation or aggre-
gation 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. 
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Introduction 
Elevated levels of the pituitary hormone prolactin have been re-
ported in patients suffering from either stroke or an acute coron-
ary syndrome. Also, hyperprolactinemic patients often have in-
creased levels of risk factors known to contribute to the devel-
opment of atherothrombosis, such as insulin resistance and im-
paired 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 receptor (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 ef-
fects 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 medi-
ators and matrix metalloproteinases (10, 11). To which extent pro-

lactin might activate human platelets, and whether such activation 
would contribute to the development of atherothrombosis, how-
ever, is controversial. Wallaschofski et al. have reported that pro-
lactin by itself does not activate human platelets, but can enhance 
platelet activation in a synergistic fashion with ADP (12). Fur-
thermore, 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 tumours (13). In contrast, Atmaca et al. 
found no association in pregnant women between levels of pro-
lactin and platelet function. These investigators could not show 
any relationship between the levels of prolactin and β-thrombo-
globulin, 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 prolac-
tin on human platelet activation and aggregation in an ex-vivo 
model.  
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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 con-
sistent with ICH/ Good Clinical Practice. All participants pro-
vided informed consent. Healthy normoprolactinemic male sub-
jects (n=6), who denied to have taken any medication during the 
previous 10 days were recruited by advertisement between Janu-
ary 2008 and March 2008. Their prolactin levels were 4.6 ± 1.2 
μg/l (mean ± SD). Venous blood was collected from the ante-
cubital 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 plas-
ma (PRP) was obtained by centrifugation for 15 minutes (min) at 
180g (20°C). 

Reagents 
For detection of platelet activation by flow cytometry, thrombin 
receptor activating peptide (TRAP, SFLLRN) was obtained from 
Bachem AG (Bubendorf, Switzerland) and adenosine diphos-
phate (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 ob-
tained using the latter prolactin. Phycoerythrin (PE)-labelled 
CD62P, clone CLB-thromb/6, isotype IgG1, was obtained from 
Immunotech, Beckman Coulter (Fullerton, CA, USA). Allophy-
cocyanin (APC)-labelled CD61, clone Y2/51, isotype IgG1, was 
from DakoCytomation (Glostrup, Denmark). Fluorescein iso-
thiocyanate (FITC)-labelled anti-PAC1, clone PAC1, PE-la-
belled and FITC-labelled IgG1, clone X40, isotype IgG2bκ, clone 
MCP-11, and anti-mouse IgG2bκ-FITC, clone R12–3, were ob-
tained from BD Biosciences. The monoclonal antibody directed 
against the extracellular domain of the human prolactin receptor, 
clone 1A2B1, isotype IgG2bκ, was obtained from Zymed, Invit-
rogen 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 com-
bination with either CD62P-PE and anti-PAC1-FITC, or with 
CD63-PE only, without or with ADP (0.1, 0.5 or 1.0 µM). Maxi-
mum platelet activation was determined in the presence of 
 TRAP (final concentration 15 mM) without prolactin. After in-
cubation for 30 min, activation was terminated by addition of 2.5 
ml 0.3% paraformaldehyde-containing HEPES-buffer. Flow cy-
tometry was performed on a Calibur flowcytometer (Becton 

Dickenson) by counting in a life gate for 5,000 CD61-APC posi-
tive events. Data were analysed 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 pla-
telet function analyser Multiplate from Dynabyte GmbH (Mu-
nich, Germany) by the impedance method. Citrate anticoagu-
lated 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 or 1,000 µg/l final 
concentration) at 37°C and stirred at 900 rpm. Induction of ag-
gregation 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 analysed 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 were 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 con-
centrated 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 trans-
ferred 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 – Invit-
rogen Immunodetection, 35–9200, 1:1,000 v/v) overnight at 
4°C. After washing with TBS-Tween, membranes were incu-
bated with anti-mouse antibody conjugated to horseradish per-
oxydase (GE Healthcare, NXA931; 1:4,000 v/v), for 1 hour at 
room temperature. All antibodies were diluted in TBS-Tween 

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ite

its
bi

bl
io

th
ee

k 
A

m
st

er
da

m
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.



1121

Reuwer et al. Prolactin and platelets

containing 3% bovine serum albumin (Sigma) (w/v). Immuno-
reactive proteins were detected using an Enhanced Chemilumi-
nescence Detection System (ECL Western blotting detection 
reagents Amersham). 

Flowcytometric detection of the prolactin receptor 
To validate the detection of the prolactin receptor by flow cyto-
metry, we used MCF7 cells, a human breast cancer cell line, as 
positive control, since MCF7 cells constitutively express and ex-
pose 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 prolac-
tin 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 prolactin receptor 
antibody (Zymed) or the IgG2bκ isotype control (1:50 v/v final con-
centration) for 30 min (4ºC). After labelling, 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 

Figure 1: Effect of prolac-
tin 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 prolac-
tin (F).  

A B 

C D 

E F 
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pellet, was incubated with anti-mouse IgG2bκ -FITC labelled 
 antibody for 30 min at 4ºC. Subsequently, aliquots were centri-
fuged (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 anti-
human 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 CD63-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 per-
formed 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. Arbit-
rarily, a fluorescent threshold was set to distinguish platelets ex-
posing 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 ab-
sence of prolactin, ADP or TRAP. Figure 1B shows the exposure 
of P-selectin on TRAP (15 μM)-activated platelets (positive con-
trol). 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 (Fig. 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) 
(Fig. 1F).  

Overall data with regard to exposure of P-selectin and bind-
ing of PAC-1 are summarised in Figures 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) (Fig. 2A) or binding of PAC-1 (Fig. 2B). Whereas 
platelet activation increased upon incubation with increasing 
concentrations of ADP, neither the exposure of P-selectin (Fig. 

A

B

Figure 2: Effect of prolac-
tin on platelet activation 
(exposure of P-selectin or 
binding of PAC-1, respect-
ively). 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 pro-
lactin alone, i.e. in the absence 
of ADP, induced no platelet ac-
tivation. Upon incubation with 
increasing concentrations of 
ADP, exposure of P-selectin 
and binding of PAC-1 was in-
creased, but this exposure was 
not further enhanced upon co-
incubation with prolactin. Per 
ADP concentration, all p-valu-
es were > 0.05 for the de-
tected difference between 
bars. 
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2A) nor the binding of PAC-1 (Fig. 2B) was further enhanced 
upon co-incubation with prolactin. From Figures 1 and 2 it is 
concluded that prolactin by itself or in the presence of ADP does 
not affect (additional) platelet activation. 

Effect of prolactin on platelet aggregation  
To examine whether prolactin affects platelet aggregation, PRP 
was incubated with prolactin in the absence or presence of vari-
ous concentrations of ADP. Figure 3A shows platelet aggre-
gation without any addition, i.e. without addition of either pro-
lactin, ADP or TRAP. Figure 3B shows aggregation upon stimu-

lation 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 (Fig. 3C and D, respectively). 
Thus, prolactin by itself does not induce platelet aggregation. In 
line with previous studies, we assessed the possibility that pro-
lactin enhances ADP-induced platelet aggregation. Since it is 
known that there is a large variation between individuals in re-
sponse 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 rep-
resentative example is shown in Figures 3E and 3F. Figure 3E 

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 pro-
lactin (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). 
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shows ADP-induced platelet aggregation in the presence of ADP 
alone (0.5 μM), i.e. in the absence of prolactin, and in the pres-
ence of 1,000 μg/l prolactin (Fig. 3F), showing no additional pla-
telet aggregation.  

Overall data obtained with optical and whole blood platelet 
aggregation are summarised in Figures 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 in-
duce or enhance platelet aggregation. These data are in line with 
our finding that prolactin did not induce or enhance the binding 
of PAC-1 (Fig. 2B).   

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 on Figure 5A, 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 ex-
pected molecular mass of 95–100 kDa, corresponding to the pro-
lactin receptor. Otherwise, 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 prolactin receptors could 
be identified on the surface of human platelets by flow cyto-
metry. First, the ability of the Zymed antibody to detect the pro-
lactin receptor on MCF7 cells was tested (Fig. 6A and B). Arbit-
rarily, a fluorescent threshold was set to distinguish cells expos-
ing the prolactin receptor from cells not or hardly exposing the 
prolactin receptor. Figure 6B shows that at least a large subpopu-
lation of MCF7 cells (50–60%) exposed detectable amounts of 
the prolactin receptor. As shown in Figure 6, neither resting pla-

A

B

Figure 4: Effect of prolac-
tin on platelet aggregation 
(optical aggregation and 
whole blood aggregation, 
respectively). Data from all 
donors analysed. Overall data 
obtained with optical (A) and 
whole blood platelet aggre-
gation (B) are summarised. Ad-
dition of either 50 or 1,000 
μg/l prolactin alone, i.e. in the 
absence of ADP, induced no 
platelet activation. Upon incu-
bation with increasing concen-
trations of ADP, aggregation 
was increased, but this expo-
sure was not further enhanced 
upon co-incubation with pro-
lactin. Per ADP concentration, 
all p-values were > 0.05 for 
the detected difference be-
tween bars. 

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.  
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telets (Fig. 6C and D), nor maximally activated platelets (with 
TRAP; Fig. 6E and F, respectively) did expose the prolactin re-
ceptor.  

Taken together, it is highly unlikely that platelets have a func-
tional prolactin receptor, and that prolactin affects platelet acti-
vation or aggregation. 

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 

Figure 6: Detection of prolactin receptor by flow cytometry. MCF7 cells with isotype control (A) and MCF7 cells with prolactin receptor anti-
body (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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equivalent using a sensitive cell-based assay involving prolifer-
ation of lymphoid Ba/F3 cells stably expressing the human pro-
lactin receptor (18) (data not shown). The absence of any detect-
able effect of prolactin was correlated to the fact that we did not 
find any evidence for the existence of a platelet prolactin recep-
tor.  

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 re-
ceptor, and this antibody does not cross-react with prolactin re-
ceptors from other species (Alexis Biochemicals; 
ALX-803–003-C100, clone T6 product specification sheet). Ka-
waguchi et al. recently showed that human monocytes stained for 
the prolactin receptor with flow cytometry (19). They used an-
other 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 plas-
mid 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 ex-
presses the prolactin receptor (16). As expected, over 50% of the 
cells stained positively using this antibody (Fig. 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 ap-
proaches but not for others (e.g. immunohistochemistry, flow cy-
tometry, 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 Kawa-
guchi 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 is-
chaemic stroke, coronary syndromes or venous thromboembol-
ism (1, 2). To which extent prolactin is associated with the under-
lying pathology leading to these disorders, however, is unclear. 
Wallaschofski et al. showed that prolactin may modulate platelet 
activation in vitro and ex vivo (1, 2, 12, 13). Their results, how-
ever, are contradicted by our present data, thus leaving the role of 
platelets as a link between prolactin and atherothrombosis unre-
solved.  

In order to increase plasma concentrations of prolactin, Wal-
laschofski et al. mixed citrate whole blood of human healthy in-
dividuals with hyperprolactinemic plasma samples of pregnant 
women (13). The pregnant state is characterised by many 
changes, including substantial hormonal alterations such as en-
hanced prolactin levels. Thus, since plasma samples of hyper-
prolactinaemic individuals have many different levels of other 
hormones, cytokines, growth factors and various circulating fac-
tors 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 af-
fect atherothrombosis is inflammation (21). Several other cell 
types involved in atherogenesis express functional prolactin re-
ceptors. These cell types may all differentiate into a more pro-
nounced inflammatory phenotype in the presence of higher lev-
els of prolactin (1, 5, 6, 8, 22). Against this background, we hy-
pothesise that prolactin affects atherothrombosis by stimulating 
pro-inflammatory cells.  

In conclusion, it is unlikely that prolactin directly affects pla-
telet function. Recently, platelets have been implicated to play 
not only a role in thrombo-embolic disease, but also in the devel-
opment of atherothrombosis through interaction with, for in-
stance, inflammatory cells (23). With regard to the reported as-
sociation between enhanced levels of prolactin and atherothrom-
bosis, we postulate that platelets and prolactin are indeed both in-
volved in this disease. Their involvement, however, is not necess-
arily via a direct prolactin-platelet interaction, but more likely to 
be mediated by components of the immune system (24). 
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What is known about this topic?  
− There is obscurity about the effect of prolactin on platelet 

function.   
− Platelets may have a prolactin receptor.  
− Patients with acute coronary syndrome and ischaemic 

stroke have higher prolactin levels.  

What does this paper add?  
− Prolactin does not increase platelet activation or aggre-

gation.   
− There is no detectable prolactin receptor on platelets. 

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ite

its
bi

bl
io

th
ee

k 
A

m
st

er
da

m
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.



1127

Reuwer et al. Prolactin and platelets

References 
1. Raaz D, Wallaschofski H, Stumpf C, et al. In-
creased prolactin in acute coronary syndromes as pu-
tative Co-activator of ADP-stimulated P-selectin ex-
pression. Horm Metab Res 2006; 11: 767–772. 
2. Wallaschofski H, Lohmann T, Hild E, et al. En-
hanced platelet activation by prolactin in patients with 
ischemic stroke. Thromb Haemost 2006; 1: 38–44. 
3. Yavuz D, Deyneli O, Akpinar I, et al. Endothelial 
function, insulin sensitivity and inflammatory markers 
in hyperprolactinemic pre-menopausal women. Eur J 
Endocrinol 2003; 3: 187–193. 
4. Chavez-Rueda K, Hernandez J, Zenteno E, et al. 
Identification of prolactin as a novel immunomodu-
lator on the expression of co-stimulatory molecules and 
cytokine secretions on T and B human lymphocytes. 
Clin Immunol 2005; 2: 182–191. 
5. Montes de Oca P, Macotela Y, Nava G, et al. Prolac-
tin stimulates integrin-mediated adhesion of circu-
lating mononuclear cells to endothelial cells. Lab In-
vest 2005; 5: 633–642. 
6. Pellegrini I, Lebrun JJ, Ali S, et al. Expression of 
prolactin and its receptor in human lymphoid cells. Mol 
Endocrinol 1992; 7: 1023–1031. 
7. Ricken AM, Traenkner A, Merkwitz C, et al. The 
short prolactin receptor predominates in endothelial 
cells of micro- and macrovascular origin. J Vasc Res 
2007; 1: 19–30. 
8. Aziz MM, Ishihara S, Rumi MA, et al. Prolactin in-
duces MFG-E8 production in macrophages via tran-
scription factor C/EBPbeta-dependent pathway. Apop-
tosis 2008; 5: 609–620. 
9. Sauro MD, Buckley AR, Russell DH, et al. Prolac-
tin stimulation of protein kinase C activity in rat aortic 
smooth muscle. Life Sci 1989; 23: 1787–1792. 

10. Davi G, Patrono C. Platelet activation and athero-
thrombosis. N Engl J Med 2007; 24: 2482–2494. 
11. Falcinelli E, Giannini S, Boschetti E, et al. Platelets 
release active matrix metalloproteinase-2 in vivo in hu-
mans at a site of vascular injury: lack of inhibition by 
aspirin. Br J Haematol 2007; 2: 221–230. 
12. Wallaschofski H, Kobsar A, Koksch M, et al. Pro-
lactin receptor signaling during platelet activation. 
Horm Metab Res 2003; 4: 228–235. 
13. Wallaschofski H, Donne M, Eigenthaler M, et al. 
PRL as a novel potent cofactor for platelet aggregation. 
J Clin Endocrinol Metab 2001; 12: 5912–5919. 
14. Atmaca A, Gurlek A, Dagdelen S, et al. Hyperpro-
lactinemia of pregnancy is not associated with in-
creased in vivo platelet activity and shortened in vitro 
bleeding times. Exp Clin Endocrinol Diabetes 2006; 4: 
188–191. 
15. Paris N, Rentier-Delrue F, Defontaine A, et al. Bac-
terial production and purification of recombinant 
human prolactin. Biotechnol Appl Biochem 1990; 4: 
436–449. 
16. Gutzman JH, Miller KK, Schuler LA. Endogenous 
human prolactin and not exogenous human prolactin 
induces estrogen receptor alpha and prolactin receptor 
expression and increases estrogen responsiveness in 
breast cancer cells. J Steroid Biochem Mol Biol 2004; 
1: 69–77. 
17. Kinet S, Bernichtein S, Kelly PA, et al. Biological 
properties of human prolactin analogs depend not only 
on global hormone affinity, but also on the relative af-
finities of both receptor binding sites. J Biol Chem 
1999; 37: 26033–26043. 

18. Bernichtein S, Jeay S, Vaudry R, et al. New homo-
logous bioassays for human lactogens show that agon-
ism or antagonism of various analogs is a function of 
assay sensitivity. Endocrine 2003; 1–2: 177–190. 
19. Kawaguchi R, Shimokawa T, Umehara N, et al. 
Priming of peripheral monocytes with prolactin (PRL) 
sensitizes IFN-gamma-mediated indoleamine 2,3-dio-
xygenase (IDO) expression without affecting IFN-
gamma signaling. J Reprod Immunol 2008; 2: 
117–125. 
20. Galsgaard ED, Rasmussen BB, Folkesson CG, et al. 
Re-evaluation of the prolactin receptor expression in 
human breast cancer. J Endocrinol 2009; 201: 115-128. 
21. Libby P. Inflammatory mechanisms: the molecular 
basis of inflammation and disease. Nutr Rev 2007; 12: 
S140-S146. 
22. Carvalho-Freitas MI, Rodrigues-Costa EC, Nasello 
AG, et al. In vitro macrophage activity: biphasic effect 
of prolactin and indirect evidence of dopaminergic 
modulation. Neuroimmunomodulation 2008; 2: 
131–139. 
23. Lindemann S, Kramer B, Daub K, et al. Molecular 
pathways used by platelets to initiate and accelerate 
atherogenesis. Curr Opin Lipidol 2007; 5: 566–573. 
24. Schmidt R, Bultmann A, Fischel S, et al. Extracel-
lular matrix metalloproteinase inducer (CD147) is a 
novel receptor on platelets, activates platelets, and aug-
ments nuclear factor kappaB-dependent inflammation 
in monocytes. Circ Res 2008; 3: 302–309.

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ite

its
bi

bl
io

th
ee

k 
A

m
st

er
da

m
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.


