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Abstract Insulin resistance, which provides a convenient

milieu for platelet activation, has been closely associated

with atherosclerotic disorders. Although it often accompa-

nies hyperprolactinemia, findings conflict concerning its

clinical impact in macroprolactinemia. In order to investi-

gate the relationship between hyperprolactinemia and

platelet activation evidenced by ADP-stimulated P-selectin

expression on flow cytometry, we studied hyperprolactine-

mic, macroprolactinemic, and normoprolactinemic subjects.

Thirty-four hyperprolactinemic and 44 age- and body mass

index-matched euprolactinemic premenopausal women

were included. They were matched regarding insulin sen-

sitivity status, waist circumference, blood pressures, and

plasma lipids. In order to detect macroprolactinemia among

hyperprolactinemic cases, prolactin was measured before

and after polyethylene glycol (PEG) precipitation in

patients’ sera. P-selectin expression was significantly

higher in the hyperprolactinemic group (P = 0.001), and

41.2% of them exhibited macroprolactinemia. Expression of

P-selectin was comparable between the macroprolactin-

negative (monomeric hyperprolactinemia; n = 20) and

-positive (n = 14) subgroups (P = 0.90). Both subgroups

showed greater expression compared with normoprolacti-

nemic controls (P = 0.014 and 0.005, respectively). Platelet

activation accompanies the atherosclerotic disorders closely

associated with insulin resistance. Among groups matched

with regard to insulin-sensitivity markers, both monomeric

hyperprolactinemia and macroprolactinemia appeared to

promote platelet activation.
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Introduction

Hyperprolactinemia is often caused by physiological or

pathological conditions—pregnancy and lactation or lac-

totrophic adenoma, for example—and other phenomena

that interfere with dopamine secretion. Recently, prolactin

has been shown to affect insulin sensitivity by stimulating

insulin secretion and regulating adipocytokine release [1].

Hyperinsulinemia and impaired glucose tolerance have

been detected among hyperprolactinemic patients with or

without pituitary tumors [2, 3]. Insulin resistance also has

been linked with changes in blood coagulation homeosta-

sis, such as decreased fibrinolysis and hypercoagulation

[4].

A member of the selectin family, P-selectin (also des-

ignated PADGEM, GMP-140, and CD62P) is expressed on

activated platelets. P-selectin mediates rolling of leuko-

cytes on activated endothelium and promotes development

of atherosclerotic lesions. Adhesive platelet interactions

mediated by P-selectin are important in both hemostatic
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Oymacı Sokak No: 7, Altunizade, 34662 Istanbul, Turkey

e-mail: nilgunguvener@yahoo.com

Endocr (2010) 37:294–300

DOI 10.1007/s12020-009-9304-x



and inflammatory processes [5]. Plasma concentrations of

adhesion molecules are increased in patients with estab-

lished cardiovascular risk factors such as obesity, dyslipi-

demia, hypertension, and Type 2 diabetes mellitus [6–9].

Identified as a novel cofactor for platelet activation, pro-

lactin also increases P-selectin expression and platelet

aggregation in a dose-dependent manner, and the short

isoform of the prolactin receptor has been detected on

platelets [10, 11].

Because hyperprolactinemia and insulin resistance both

affect platelet activation, we wished to examine the associ-

ation between serum prolactin levels and platelet activation

among groups of hyperprolactinemic and euprolactinemic

subjects matched with respect to insulin-sensitivity markers.

Further, prolactin can be subclassified based on molecular

mass into monomeric prolactin (23 kDa), big prolactin

(50–60 kDa), and big, big prolactin (macroprolactin, a large

antigen–antibody complex of 150–170 kDa). Because pre-

vious reports regarding the biological activity of macrop-

rolactinemia are conflicting [12–14], we also assessed the

possible relationship between macroprolactinemia and

platelet activation.

Materials and methods

Subjects

The Baskent University Ethics Committee for Human

Studies approved the study protocol, and all the par-

ticipants provided written informed consent. We recrui-

ted 34 premenopausal women with a serum prolactin

level [628.5 mU/l who had been admitted to our outpa-

tient endocrinology clinic between October 2006 and

November 2007. Forty-four age- and body mass index-

matched healthy premenopausal volunteers with normop-

rolactinemia were included as control group.

Exclusion criteria included the presence of diabetes

mellitus, dyslipidemia, hypertension, hypothyroidism, end-

stage renal disease, treatment with any drug that might

interfere with serum prolactin, and diseases that could

contribute to hyperprolactinemia. Participants had no

abnormality other than hyperprolactinemia, and none took

medication regularly. All were nonsmokers. Formal tests of

hypothalamopituitary function yielded results within nor-

mal limits.

Table 1 Characteristics of

participants with

hyperprolactinemia and

normoprolactinemia

Continuous variables are

expressed as mean ± SD

HOMA-IR homeostasis model

assessment of insulin resistance

Hyperprolactinemia

(n = 34)

Normoprolactinemia

(n = 44)

P

Age (years) 30.79 ± 7.84 29.32 ± 7.79 0.411

Body mass index (kg/m2) 26.71 ± 5.32 25.16 ± 5.66 0.22

Waist circumference (cm) 81.57 ± 11.08 81.51 ± 12.15 0.98

Glucose at 0 min (mg/dl) 87.29 ± 10.07 85.07 ± 7.81 0.27

Glucose at 120 min (mg/dl) 104.61 ± 30.34 97.56 ± 24.32 0.27

High-density lipoprotein (mg/dl) 57.32 ± 13.02 52.64 ± 12.96 0.12

Triglycerides (mg/dl)

Mean 94.79 93.35 0.16

Median 87.0 68.0

Minimum–maximum 44–198 33–344

Metabolic syndrome (n/n %) 3/31 (8.8) 3/41 (6.8) 0.53

Prolactin level (mU/l)

Mean 1845.89 339.44 0.0001

Median 1524.57 324.38

Minimum–maximum 691.8–3989.52 69.56–584.78

Fasting insulin level (lIU/ml)

Mean 9.72 9.22 0.96

Median 8.0 8.1

Minimum–maximum 2.6–28.10 2.9–27.20

HOMA-IR

Mean 2.21 1.95 0.81

Median 1.70 1.62

Minimum–maximum 0.46–7.29 0.55–6.58
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Risk factor assessment

After each subject rested in a seated position for C10 min,

two blood pressure measurements were obtained from the

right arm using a mercury sphygmomanometer, and the

two readings were averaged. Height, weight, and waist

circumference at the umbilicus were measured in light

clothing without shoes.

After fasting overnight, all the patients underwent an

oral glucose tolerance test (with 75 g of glucose) at about 8

AM the next morning. Fasting levels of insulin, total

cholesterol, triglyceride, and high-density lipoprotein

Table 2 P-selectin expression

Macroprolactin (-) (n = 20) Macroprolactin (?) (n = 14) Control (n = 44)

ADP-stimulated (%) Non-stimulated (%) ADP-stimulated (%) Non-stimulated (%) ADP-stimulated (%) Non-stimulated (%)

Minimum 0.4 1 0.3 3.7 0.5 1

Maximum 6.6 76.2 2.8 54.7 3.5 23.2

Median 1.3 13.6 1.3 15.3 1.6 6.7

Fig. 1 Typical flow-cytometric plots for platelet activation (P-selectin expression), showing side scatter and positive labeling with the platelet-

specific identifier (anti-CD61 antibodies)
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cholesterol (HDL) were also measured. Insulin resistance

was calculated with the homeostasis model assessment of

insulin resistance (HOMA-IR) formula: [fasting insulin

(U/ml) 9 fasting glucose (mg/dl)]/405 [15].

Definition of metabolic syndrome

The criteria of the International Diabetes Federation (IDF)

were used to define metabolic syndrome [16]: central

obesity (waist circumference of C94 cm in men or C80 cm

in women) and at least two of the following criteria: (a)

serum triglyceride level C150 mg/dl, (b) serum HDL level

\40 mg/dl in men or \50 mg/dl in women, (c) blood

pressure C130/85 mmHg, or (d) fasting serum glucose

level C100 mg/dl.

Assays

Serum glucose levels were analyzed with the glucose

oxidase method. Homogeneous enzymatic colorimetric

assays were used for serum HDL and low-density lipo-

protein cholesterol (LDL) measurements, as were enzy-

matic colorimetric assays for triglycerides. A Roche

Modular DP device was used for the analyses mentioned

above. Fasting insulin concentrations were determined by a

microparticle enzyme immunoassay (AxSYM, Abbott

Diagnostics Division, Abbott Park, IL).

Prolactin and macroprolactin assays

Prolactin was measured according to the manufacturer’s

protocols with a chemiluminescent microparticle immu-

noassay (Architect Ci8200, Abbott Diagnostics Division,

Abbott Park, IL). The intra-assay coefficients of variation

(CVs) were 0.223 and 3.2%, the corresponding inter-assay

CVs were 0.310 and 4.4%. The reference range was 25.2–

628.53 mU/l. Samples from hyperprolactinemic patients

were subjected to PEG (8000-BioBasic 3185 B10) to detect

the presence of macroprolactin [17]. In brief, 250 ll of

serum, mixed with an equal volume of PEG, 250 g/l in

phosphate-buffered saline (137 mmol/l sodium chloride;

10 mmol/l sodium phosphate) at pH 7.4, was incubated for

10 min at room temperature. The mixture was centrifuged

for 30 min at 3500 rpm. Prolactin was measured both in

untreated serum and in the supernatant. The difference

between prolactin concentrations in untreated and PEG-

treated sera was expressed as prolactin recovery. Diagnosis

of macroprolactinemia was regarded as certain if prolactin

recovery in a serum sample was below 40%.

Flow-cytometric platelet analyses

Citrated whole blood from subjects with hyperprolactine-

mia and from healthy volunteers was diluted in phosphate-

buffered 0.5% bovine serum albumin (Sigma, St. Louis,

MO). The platelet count was adjusted to *20,000 plate-

lets/ll. Initially, direct activation of the diluted platelets

without ADP stimulation was measured by flow cytometry.

Nonactivated, diluted whole blood (20 ll) was incubated at

room temperature in darkness for 20 min after adding 10 ll

of anti-CD61-FITC (Beckman Coulter, Marseilles, France)

and 10 ll of anti-CD62P-PE (Beckman Coulter). In the

second step (activation), 20-ll aliquots of the platelet

suspension and 10 lmol/l ADP (final concentration) were

incubated at 37�C for 5 min. After 5 min, the monoclonal

antibodies—10 ll of anti-CD61-FITC and 10 ll of anti-

CD62P-PE—were added. This suspension was incubated at

room temperature for 20 min in darkness.

After each incubation with antibodies, an EPICS XL-

MCL flow cytometer (Beckman Coulter, Miami, FL) and

EXPO 32 ADC software were used for analyses. Platelets

were identified by binding of anti-CD61 antibodies. After

excluding nonspecific binding, the degree of activation was

determined by binding of anti-CD62P antibodies. P-selectin

expression was expressed as the percentage of platelets

positive for the molecule. The normal range for ADP-stim-

ulated P-selectin expression by platelets was determined

using blood from 100 healthy blood donors. Typical flow

cytometric plots for P-selectin staining are shown in Fig. 1.

Statistical analyses

SPSS software (Statistical Product and Services Solutions,

version 12.0, SPSS Inc, Chicago, IL, USA) was used for

statistical analyses. Data are expressed as means ± SD,

unless indicated. A value for P \ 0.05 was considered

statistically significant. Parametric variables were com-

pared by using t-tests, and categorical variables were

compared using v2 tests.

Results

Age, body mass index, waist circumference, prevalence of

metabolic syndrome, and variables related to metabolic

Table 3 Magnetic resonance imaging findings

Finding (n[%]) Macroprolactinemia (-)

(n = 20)

Macroprolactinemia (?)

(n = 14)

Microadenoma 11 (55) 5 (35.7)

Macroadenoma 3 (15) 0

Partial empty

sella

2 (10) 1 (7.1)

Normal 4 (20) 8 (57.1)

v2, P = 0.065
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syndrome did not differ significantly between hyperprolac-

tinemic (n = 34) and euprolactinemic (n = 44) groups

(Table 1). Differences in fasting insulin levels and homeo-

stasis model of insulin resistance (HOMA-IR) calculations

between groups likewise were not statistically significant.

When patients were grouped as macroprolactin-negative,

macroprolactin-positive, or euprolactinemic, again, no dif-

ferences were detected. Macroprolactinemia was detected in

14 (41.2%) of the hyperprolactinemic patients.

ADP-stimulated and non-stimulated P-selectin expres-

sion findings are shown in Table 2. ADP-stimulated

expression was significantly greater in the hyperprolacti-

nemic group compared with the control patients

(P = 0.001). ADP-stimulated expression was greater in

both macroprolactinemia-negative and -positive hyperpro-

lactinemic subgroups compared with controls (P = 0.005

and P = 0.003, respectively), but expression did not differ

significantly between the two subgroups (P = 0.90;

Figs. 2a–c).

Some patients’ prolactin values remained elevated after

polyethylene glycol (PEG) precipitation over 40%. They

were considered to have high monomeric prolactin values

in addition to macroprolactinemia. There was no difference

in platelet activation between macroprolactin-positive

and -negative groups when these patients were regarded as

macroprolactin-negative.

Signs of macroprolactinemia-negative and -positive

hyperprolactinemic subjects—irregular menses, galactor-

rhea, infertility, alopecia, hirsutism, hyperprolactinemia,

and incidentally detected pituitary adenomas—did not

differ at admission (P [ 0.05).

Magnetic resonance imaging (MRI) results, in patients

with hyperprolactinemia, are given in Table 3. There were

no significant differences in this small subgroup according

to the presence or absence of macroprolactinemia.

Discussion

Platelet activation is considered a central mechanism in

arterial thrombogenesis and in the pathophysiology of

ischemic stroke. Wallaschofski et al. [18] detected high

plasma prolactin and leptin concentrations, and increased

P-selectin expression, in patients with ischemic stroke or

transient ischemic attack. They also showed a significant,

positive correlation between prolactin levels and enhanced

ADP-stimulated P-selectin expression. Hyperprolactine-

mia was proposed to be a possible risk factor for stroke

by mediating a thrombogenic effect through enhanced

platelet reactivity [18]. They also proposed that increased

prolactin levels could be a coactivator of ADP-stimulated

P-selectin expression in acute coronary syndromes [19].

However, a very recent report noted that prolactin did

not effect platelet activation [20]. The controversy has

been attributed to several possible technical explanations

[20].

Levels of plasma adhesion molecules are elevated in

patients with obesity, dyslipidemia, hypertension, and Type

2 diabetes, all being established risk factors for cardio-

vascular diseases [6–9]. Activated platelets also have been

identified in the circulating blood of patients with coronary

artery disease [8, 21, 22].

Our study and control groups were matched regarding

the factors known to influence insulin sensitivity, such as

age, body weight, and fasting glucose level. Considering

the information from the existing literature and this study,

we propose that prolactin has a direct effect of on platelets.

This study, in keeping with previous studies, shows

a positive correlation between hyperprolactinemia and

platelet activation upon ADP stimulation. Although reports

concerning the clinical impact of macroprolactinemia are

conflicting [12–14], macroprolactinemia, like 23-kDa

hyperprolactinemia, also appears to be associated with

platelet activation.

Several investigators have examined the bioactivity of

macroprolactin using in vitro assays, but results of these

studies differed, showing increased, normal, or reduced

Fig. 2 Flow-cytometric plots of platelet activation, as measured by

monoclonal anti-CD62P antibodies, in a normoprolactinemic subject

(a), a patient with monomeric hyperprolactinemia (b), and a

macroprolactinemic patient (c). ADP-stimulated expression was

greater in both monomeric hyperprolactinemic patients and those

with macroprolactinemia compared with controls (P = 0.005 and

P = 0.003, respectively), but expression did not differ significantly

between the hyperprolactinemic and macroprolactinemic subgroups

(P = 0.90)
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prolactin activity in sera from patients with macroprol-

actinemia [23, 24]. The conflicting findings could be

attributed to differences in prolactin assays. Moreover,

macroprolactin, a complex of monomeric prolactin with a

large molecular mass, might have difficulty in exiting from

the capillaries, resulting in lower effective bioavailability

[24, 25].

Our results support the literature proposing the idea of

weak in vivo activity of macroprolactin. This issue is

particularly important because macroprolactinemia is not

uncommon. Indeed, and in agreement with other articles

[12], the prevalence of macroprolactinemia in our hyper-

prolactinemic population was 41.2%.

The clinical presentation of macroprolactinemia in some

patients has been reported to be oligomenorrhea or amen-

orrhea, galactorrhea, or infertility, as often seen with

hyperprolactinemia. Some authors have proposed that

occurrence of these symptoms together with macroprolac-

tinemia might be coincidental [26, 27]. However, among

the 106 patients with macroprolactinemia studied by

Valette-Kasic et al. [28], several had these symptoms, and

4 of the patients had histologically proven prolactinoma. In

this study, we detected no difference in symptoms at

admission between the macroprolactinemic and mono-

meric hyperprolactinemic patients.

The numbers of subjects harboring an adenoma or par-

tial empty sella were similar between the macroprolacti-

nemic and monomeric hyperprolactinemic subgroups in

our study. Mounier et al. [29] suggested that prolactinoma

might be associated with macroprolactinemia; five of their

13 patients with prolactinoma had macroprolactinemia, and

the clinical and biological characteristics of the groups with

and without macroprolactinemia were similar. An article

by Olukoga and Kane described 1 adenoma found by

pituitary imaging among the three macroprolactinemic

patients [30].

In conclusion, platelet activation is involved in the

pathogenesis of atherosclerotic disorders that are strongly

related to insulin resistance. In this study, between two

groups of patients matched for insulin-sensitivity markers,

hyperprolactinemia per se was shown to increase platelet

activation. Our data also indicate the impact of macrop-

rolactinemia on platelet activation. We believe that this

new finding may highlight the importance of treating

macroprolactinemia. Further studies are needed to clarify

the metabolic consequences of macroprolactinemia.

Acknowledgments We thank Mr. Oktay Sozer for flow cytometric

platelet analysis, and also Dr. Tarik Zafer Nursal for assistance with

statistical analyses.

Disclosures This research received no specific grant from any

funding agency in the public, commercial, or not-for-profit sector.

References

1. N. Ben-Jonathan, E.R. Hugo, T.D. Brandebourg, C.R. LaPensee,

Focus on prolactin as a metabolic hormone. Trends Endocrinol.

Metab. 17, 110–116 (2006)

2. R. Landgraf, M.M. Landraf-Leurs, A. Weissmann, R. Horl, K.

von Werder, P.C. Scriba, Prolactin: a diabetogenic hormone.

Diabetologia 13, 99–104 (1977)

3. M.C. Foss, F.J. Paula, G.M. Paccola, C.E. Piccinato, Peripheral

glucose metabolism in human hyperprolactinemia. Clin. Endo-

crinol. 43, 721–726 (1995)

4. A. Mavri, M.C. Alessi, I. Juhan-Vague, Hypofibrinolysis in the

insulin resistance syndrome: implication in cardiovascular dis-

eases. J. Intern. Med. 255, 448–456 (2004)

5. R.P. McEver, Leukocyte interactions mediated by P-selectin, in

Structure, Function and Regulation of Molecules Involved in
Leukocyte Adhesion, ed. by P.E. Lipsky, R. Rothlein, T.K.

Kishimoto, R.B. Faanes, C.W. Smith (Springer Verlag, Edin-

burgh, 1991), pp. 135–150

6. K. Gokulakrishnan, R. Deepa, V. Mohan, D.M. Gross, Soluble

P-selectin and CD40L levels in subjects with prediabetes, dia-

betes mellitus, and metabolic syndrome-the Chennai Urban Rural

Epidemiology Study B. Metabolism 55, 237–242 (2006)

7. D. Tschoepe, E. Driesch, B. Schwippert, H.K. Nieuwenhuis, F.A.

Gries, Exposure of adhesion molecules on activated platelets in

patients with newly diagnosed IDDM is not normalized by near-

normoglycemia. Diabetes 44, 890–894 (1995)

8. H. Koyama, T. Maeno, S. Fukumoto, T. Shoji, T. Yamane, H.

Yokoyama, M. Emoto, T. Shoji, H. Tahara, M. Inaba, M. Hino,

A. Shioi, T. Miki, Y. Nishizawa, Platelet P-selectin expression is

associated with atherosclerotic wall thickness in carotid artery in

humans. Circulation 108, 524–529 (2003)

9. S. Nomura, M. Suzuki, K. Katsura, G.L. Xie, Y. Miyazaki,

T. Miyake, H. Kido, H. Kagawa, S. Fukuhara, Platelet-derived

microparticles may influence the development of atherosclerosis

in diabetes mellitus. Atherosclerosis 116, 235–240 (1995)
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