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Prolactin and Its 16-kDa 
N-Terminal Fragment
Are Higher in Patients with Precapillary Pulmonary  
Hypertension than in a Healthy Control Group

We sought to determine whether patients with precapillary pulmonary hypertension show 
elevated serum levels of prolactin (PRL) and its 16-kDa N-terminal fragment (16-kDa PRL) 
and whether there is any correlation to measures of prognosis.

Twenty-eight patients with idiopathic pulmonary artery hypertension, 15 with peripheral 
chronic thromboembolic pulmonary hypertension, and 4 with portopulmonary hyperten-
sion Child-Pugh class A were included. Our control subjects were 56 blood donors. Total 
prolactin was measured with an immunoluminometric assay. Antibodies against epitope C 
detected only the intact prolactin before it was split. The 16-kDa PRL was calculated from 
the difference between total and intact prolactin.

Prolactin was significantly (P=0.009) higher in the study group (median, 190 mU/L; 
interquartile range, 162 mU/L) than in the control group (median, 140 mU/L; interquartile 
range, 91 mU/L). The 16-kDa PRL was significantly elevated in the study group (P=0.046). 
Prolactin and 16-kDa PRL correlated inversely with the 6-minute-walk distance (P <0.01) 
and with peak oxygen uptake during exercise (P <0.005).

Serum levels of prolactin and 16-kDa PRL were significantly higher in patients with 
precapillary pulmonary hypertension and were inversely correlated with 6-minute-walk 
distance and peak oxygen uptake.

These results indicate that prolactin and 16-kDa PRL might play a role in the patho-
physiology of precapillary pulmonary hypertension. (Tex Heart Inst J 2012;39(1):44-50)

P ulmonary artery hypertension (PAH) is a progressive disease with a high 
morbidity and mortality rate.1 The chief mechanism involved in the patho-
genesis of PAH seems to be a dysfunction of the endothelial cells in the form 

of reduced vasodilatory and enhanced vasoconstrictive mediators. Robust evidence 
indicates that the 16-kilodalton N-terminal of prolactin (16-kDa PRL) and prolactin 
(PRL) are of importance in the pathophysiology of endothelial dysfunction,2,3 by dif-
ferent pathways. Previous studies in premenopausal hyperprolactinemic women sug-
gested an association between hyperprolactinemia and endothelial dysfunction.4 An 
elevated proportion of 16-kDa PRL in serum during the first 10 weeks of pregnancy 
might play a role in the pathogenesis of preeclampsia.5 This fragment is split from the 
native PRL (which includes macroprolactin 150–170 kDa PRL, 23-kDa PRL, and 
16-kDa PRL) by a cathepsin-like protease and reduction of the disulfide bond.6 Its ca-
pacity to bind to the PRL receptor is considerably reduced. Although 16-kDa PRL has 
significant bioactivity by itself, it contains only 6 of the 14 residues that are thought 
to participate in the coupling of the intact hormone to its receptor. The 16-kDa PRL 
downregulates inducible nitric oxide (NO)-synthase expression in endothelial cells, 
inhibits endothelial urokinase activity, and activates plasminogen activator inhibitor 
type I (PAI-1) expression.3 This could be relevant for patients with chronic thrombo-
embolic pulmonary hypertension (CTEPH) because differences in the expression of 
PAI-1 are seen in thrombi of patients with CTEPH when comparison is made with 
thrombi of patients who have acute pulmonary embolism.7

	 There are hints of inf lammatory and vasoproliferative processes in PAH and 
CTEPH. Intact human PRL has angiogenic activities8 by stimulation of expression 
of vascular endothelial growth factor, whereas the proteolytic 16-kDa fragment of 
native PRL inhibits the development of capillaries as shown in the corneas of rats.9 
Proinflammatory cytokines can induce the expression of PRL receptors in pulmo-
nary f ibroblasts, and the stimulation of these receptors by PRL downregulates the 
NO synthase.10 Therefore, 16-kDa PRL might be involved in several pathogenetic 
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mechanisms that seem to be crucial for the development 
of pulmonary hypertension.
	 The aim of this trial was to measure serum levels 
of PRL and 16-kDa PRL in patients with PAH or 
CTEPH and to evaluate any correlations to exercise 
capacity and the serum levels of N-terminal pro-brain 
natriuretic peptide (NT-proBNP).

Patients and Methods

Study Subjects and Study Design
From January 2007 through April 2008, serum samples 
were collected prospectively and consecutively from 47 
patients with known PAH, including 32 with porto-
pulmonary hypertension (PoPH) or idiopathic PAH, 
and 15 with CTEPH. The eligibility criteria were a 
proven diagnosis of idiopathic PAH, PoPH, or inoper-
able peripheral CTEPH in patients between the ages of 
18 and 80 years. In the CTEPH patients, we included 
only those with peripheral CTEPH, in order to limit 
the study to patients with precapillary pulmonary hy-
pertension due to distal small-vessel vasculopathy. Diag-
nosis was performed in accordance with the diagnostic 
criteria defined by the Fourth World Symposium on 
Pulmonary Hypertension 2008.11,12 Other forms of pul-
monary hypertension were excluded by echocardiogra-
phy and right-sided heart catheterization (for left-sided 
heart disease and congenital systemic-to-pulmonary 
shunts), computed tomography of the lung and pul-
monary function studies (for lung disease), and sero-
logic testing (for connective-tissue disease and human 
immunodeficiency virus infection), according to the 
European guidelines for the diagnosis and treatment 
of pulmonary hypertension.13 Lung scintigraphy with 
a ventilation/perfusion scan was performed in each pa-
tient to distinguish PAH from CTEPH.
	 In patients, we performed right-sided heart cath-
eterization independently of the study within 11 ± 7 
months (range, 0–33 mo) of blood-sample collection. 
Our control group of 56 healthy blood donors had no 
known cardiovascular diseases and was taking no medi-
cation.
	 Predetermined exclusion criteria for the patients were 
the following: pregnancy; lactation; macro- or micro
prolactinoma; diseases of the pituitary gland; and 
medication with neuroleptic agents, antidepressants, 
or substances with dopaminergic or antidopaminergic 
effects (for example, lisuride, methysergide, and ergota-
mine). Patients with known risk factors for hyperprolac-
tinemia, such as hypothyroidism and moderate-to-severe 
hepatic cirrhosis (Child-Pugh classes B and C), or who 
regularly consumed alcohol or nicotine, were also ex-
cluded from the study.
	 The study protocol was approved by the local ethics 
committee, and written informed consent was obtained 
from the participants.

	 In the case group, the following data were collected 
on the day that blood was drawn: serum levels of PRL 
and 16-kDa PRL, serum levels of NT-proBNP, 6-min-
ute walking distance (6-MWT), ergospirometric values 
like peak oxygen uptake (Vo2max), and those obtained 
by transthoracic echocardiography. The 6-MWT was 
performed (to evaluate submaximal levels of func-
tional capacity) according to American Thoracic Soci-
ety recommendations, and cardiopulmonary exercise 
testing was performed (symptom-limited) on a cycle 
ergometer, following a standardized protocol.1,14 In re-
gard to echocardiographic measurements, we recorded 
right atrial diameter, right ventricular Tei (myocardial 
performance index), and right ventricular end-systolic 
pressure.

Methods
Immediately after the sample collection, measurement 
of PRL and 16-kDa PRL was performed by the LI-
AISON® automated analyzer (DiaSorin Deutschland 
GmbH; Dietzenbach, Germany).15

	 Total PRL (including macroprolactin 150–170 kDa, 
23-kDa-PRL, and the 16-kDa PRL) was measured 
with a Conformité Européenne-certif ied kit (DiaSo-
rin). This is a double-sided immunoluminometric assay 
kit (Liaison-Prolactin®), with a measurement range 
from 10 to 8,000 mIU/L. The intra-assay variance was 
2.6% ± 0.3%, and the inter-assay variance was 4.6% 
± 1.2%. The lowest detection limit was less than 10 
mIU/L (mean value + 2 standard deviations).15 Cross-
reactivity with luteinizing hormone, follicle-stimulat-
ing hormone, thyroid-stimulating hormone, human 
chorionic gonadotropin, human growth hormone, 
and human placental lactogen was not found within a 
physiologic range of concentration. The recovery during 
admixture experiments was between 97% and 100%. 
Isoluminol was used as the reagent.
	 To detect only the intact molecule of PRL, mouse 
antibodies against epitope C of the human PRL (US 
Biological; Swampscott, Mass) were bound to magnetic 
particles coated with steptavidin by means of biotinyl-
ation. The final concentration was 80 µg of anti-PRL-
epitope C-antibodies to 1.83 mg of magnetic particles 
in 1 mL of suspension.
	 The potential of macroprolactin inclusion was elimi-
nated by polyethylene glycol precipitation. The propor-
tion of 16-kDa PRL was calculated from the difference 
between the concentration of total PRL and the concen-
tration of intact PRL, because possible contributions of 
other PRL metabolites are extremely small and would 
not influence the assay.15

	 For measurement of NT-proBNP, we used an electro-
chemoluminescence assay (Roche Diagnostics GmbH; 
Mannheim, Germany) with the biochemistry analyzer 
Modular PPE (Roche). The NT-proBNP was measured 
simultaneously with PRL and 16-kDa PRL.
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Statistical Analysis
Analyses were performed with SPSS software, version 
16.0 (IBM Corporation; Somers, NY). P values of less 
than 0.05 2-sided were considered statistically signifi-
cant. The Student t test was used to determine differ-
ences in mean age and the Fisher exact test to determine 
sex differences. Median differences in the PRL and the 
16-kDa PRL fragment between the study groups were 
analyzed by analysis of covariance, with age and sex 
as the covariates. The Kolmogorov-Smirnov and Sha-
piro-Wilk tests were used to check whether data had 
a normal or a skewed distribution; a skewed distribu-
tion was shown for NT-proBNP, PRL, and 16-kDa 
PRL. The associations between PRL and 16-kD PRL 
and measurements of disease severity were described 
by the Spearman rank correlation coeff icient. Diag-
nostic value for PRL and 16-kDa PRL concerning the 
prediction of PAH was described by receiver operating 
characteristic (ROC) curve analysis after adjusting for 
sex and age.

Results

Of 47 patients with precapillary pulmonary hyperten-
sion who were recruited, 28 had idiopathic PAH, 15 
CTEPH, and 4 PoPH (Table I). Most patients (90%) 
were in World Health Organization functional class 
III. Thirty of 32 patients with PAH and 5 of 10 pa-
tients with CTEPH were receiving PAH-specif ic 
therapy. Twenty-seven patients were on monotherapy 
with a phosphodiesterase V inhibitor (PDE-V-I: sil
denafil, n=10), an endothelin receptor antagonist (ERA: 
bosentan, n=13 or sitaxentan, n=3) or a stimulator of 
cyclic guanylatecylase (riociguat, n=3). Six patients were 
on double combination therapy (3 patients: ERA plus 
PDE-V-I, 3 patients: ERA plus inhaled iloprost) and 5 
patients were on triple therapy (ERA plus PDE-V-I plus 
either inhaled iloprost or subcutaneous treprostinil). 
Most patients had normal renal function; 1 CTEPH 
patient had an advanced state of chronic renal insuf-
f iciency (creatinine, 430 µmol/L), and 4 patients had 
elevated creatinine values (range, 120–180 µmol/L). 
Patients and control participants differed in mean age 
(P <0.0005) and in the proportion of males to females 
(P=0.003).
	 There was a significant correlation between the serum 
level of PRL and the level of 16-kDa PRL (Spearman 
rho correlation coefficient 0.789 in control participants 
and 0.841 in patients; P <0.01), both in the study and 
control groups. Increasing age was signif icantly cor-
related with lower levels of 16-kDa PRL (Spearman 
coefficient of correlation, –0.226; P=0.002). Age- and 
sex-adjusted values of native PRL among patients (me-
dian, 190 mU/L; interquartile range [IQR], 162 mU/L) 
were significantly higher (P=0.009) than among con-
trol participants (140 mU/L; IQR, 91 mU/L) (Fig. 1).

	 In the control group, the age- and sex-adjusted values 
of 16-kDa PRL (median, 32 mU/L; IQR, 60 mU/L) 
were significantly lower than in the patient group (me-
dian, 46 mU/L; IQR, 84 mU/L; P=0.046) (Fig. 2). 
The percentage of 16-kDa PRL in relation to total PRL 
in both groups did not show any significant difference.
	 In our study group, prolactin and 16-kDa PRL 
showed no signif icant correlation with NT-proBNP. 
However, prolactin as well as 16-kDa PRL correlated 
inversely to the 6-MWT distance (Spearman rho cor-
relation coeff icient, –0.418, P=0.005; and –0.339, 
P=0.026, respectively). Peak oxygen uptake (Vo2 peak) 
during spiroergometry showed a negative correlation to 
PRL and 16-kDa PRL (Spearman rho coeff icient of 
correlation, –0.491, P=0.001; and –0.413, P=0.005, re-

TABLE I. Data from the Study and Control Groups

	 Study	 Control  
	 Group	 Group

Total	 47	 56 
  With idiopathic PAH	 28	 — 
  With CTEPH	 15	 — 
  With PoPH	 4	 —

Mean age, yr (range)	 60 (34–80)	 50.4 (19–68) 
Women	 31 (66)	 20 (36) 
Men	 16 (34)	 36 (64)

Prolactin, mU/L 
  Median/interquartile range	 190/62	 140/91 
  Minimum	 42	 2 
  Maximum	 1,660	 689

16-kDa PRL, mU/L 
  Median/interquartile range	 46/84	 32/60 
  Minimum	 0	 0 
  Maximum	 305	 381

16-kDa PRL (% of prolactin) 
  Median	 25	 20 
  Minimum	 0	 0 
  Maximum	 54	 66

Cardiac index, mL/kg/min2	 2.2 ± 0.71	 —

Pulmonary vascular resistance,	 811 ± 421	 — 
dyn•s•cm–5

Central venous pressure, 	 5 ± 4.2	 — 
mmHg

Pulmonary artery pressure, 	 47 ± 13.4	 — 
mmHg

NT-proBNP, ng/L 	 77.6/348.3	 — 
(median/interquartile range)

Pulmonary capillary wedge	 7.1 ± 6.5	 — 
pressure, mmHg
 
CTEPH = chronic thromboembolic pulmonary hypertension; NT-
proBNP = N-terminal pro-brain natriuretic peptide; PAH = pulmo-
nary artery hypertension; PoPH = portopulmonary hypertension; 
16-kDa PRL = 16-kDa fragment of prolactin 
 

Values are shown as number and percentage or as mean ± SD.
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spectively). We did not find any significant correlation 
between PRL or 16-kDa PRL and the hemodynamic 
values obtained by right-sided heart catheterization.
	 The normal range for PRL was defined as 86–324 
mU/L for men and 102–496 mU/L for nonpregnant 
women. We found hyperprolactinemia in 4 (7.3%, 3 
men and 1 woman) among the control participants and 
in 6 (13.3%, 5 women and 1 man, 3 with idiopathic 
PAH, 2 with CTEPH, 1 with PoPH) among the pa-
tients, but this was still without a significant difference 
(Fisher exact test).
	 Measurement of PRL and 16-kDa PRL in serum 
displayed little diagnostic relevance for the prediction 
of pulmonary hypertension as shown by ROC curve 

analysis (areas under the curve, 0.66 for PRL and 0.58 
for 16-kDa PRL) (Figs. 3 and 4). As determined by 
ROC curve analysis, a PRL cutoff value of 150 mU/L 
had a sensitivity of 69% and a specificity of 57%. For 
16-kDa PRL, a cutoff value of 33 mU/L showed the 
best sensitivity (63%) and specificity (54%).
	 Subgroup Analysis. Subgroup analysis revealed a signif-
icant difference in PRL serum concentrations: elevated 
levels appeared in patients with CTEPH (P=0.005 in 

Fig. 1  Box plots show serum concentrations (median and inter- 
quartile range) of prolactin (mU/L) in the control and study 
groups. Four extremes for prolactin are not shown in the figure, 
due to the scaling. 

° = outliers;   = extremes

Fig. 2  Box plots show serum concentrations (median and in-
terquartile range) of 16-kDa prolactin (mU/L) in the control and 
study groups. Six extremes for 16-kDa prolactin are not shown in 
the figure due to the scaling. 
 

° = outliers; PRL = prolactin

Fig. 3  Receiver operating characteristic curve predicts pulmo-
nary hypertension by calculated serum prolactin level (>150 
mU/L). 
 

AUC = area under the curve

Fig. 4  Receiver operating characteristic curve predicts pulmo-
nary hypertension by calculated serum 16-kDa prolactin level 
(>33 mU/L). 
 

AUC = area under the curve
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the Mann-Whitney U test) and with PoPH (P=0.024) 
(Fig. 5), in comparison with control participants. There 
was no signif icant difference in 16-kDa PRL concen-
trations when the control group was compared with 
any subgroup. We found no signif icant differences in 
PRL and 16-kDa PRL serum levels between the 3 sub-
groups of patients with idiopathic PAH, CTEPH, and 
PoPH. In patients with idiopathic PAH, we found a 
clear correlation between PRL and the right ventricular 
systolic pressure (Spearman rho coeff icient of correla-
tion, 0.389; P=0.04) and a robust inverse correlation 
with Vo2 peak (Spearman rho, –0.569; P=0.002). In 
the CTEPH group, a robust inverse correlation with 
Vo2 peak and 6-MWT could be detected (Vo2 peak: 
Spearman rho = –0.779; P=0.002 and 6-MWT: Spear-
man rho = –0.7; P=0.008, respectively).

Discussion

We present the f irst data to show that serum levels of 
PRL are higher (but often within the normal range) 
in patients with precapillary pulmonary hypertension 
when compared with healthy control participants and 
that these levels correlate with such indicators of severity 
and prognosis of pulmonary hypertension as Vo2 peak 
and 6-MWT.1 Serum levels of 16-kDa PRL were also 
significantly elevated in patients with precapillary PAH 
in comparison with our control group, but 16-kDa 
PRL normal serum values are not yet established. Only 
a small number of our patients showed pathologic hy-
perprolactinemia, and the difference from the control 
group was not signif icant. The serum levels of PRL 
were signif icantly elevated, especially in patients with 
CTEPH and PoPH; patients with idiopathic PAH 

tended to have elevated levels of PRL, but without sig-
nificant difference from those of the control group.
	 To date, the pathophysiologic impact of PRL in 
patients with pulmonary hypertension is unknown. 
Endothelial dysfunction with an imbalance of vasocon-
strictive and vasodilatory mediators plays an important 
role in developing pulmonary hypertension.
	 Robust evidence exists that 16-kDa PRL and PRL 
are important in the pathophysiology of endothelial 
dysfunction2,3 by different mechanisms; 16-kDa PRL 
downregulates inducible NO synthase expression in en-
dothelial cells, inhibits endothelial urokinase activity, 
and activates PAI-1 expression.16 In vitro, infusion of 
PRL can cause regional vasoconstriction by the inhibi-
tion of a vasodilatory β2-adrenergic receptor-mediated 
effect.17 Impaired endothelial function measured by 
flow-mediated dilation on a brachial artery with high-
resolution ultrasonography could be seen in women 
with hyperprolactinemia.4

	 There are hints of inflammatory processes in PAH 
and CTEPH. Proinflammatory cytokines can induce 
the expression of PRL receptors in pulmonary f ibro-
blasts, and the stimulation of these receptors by PRL 
inhibits cytokine-induced NO production. Prolactin 
stimulates the synthesis of immunoglobulins and the 
production of anti-dsDNA antibodies and immuno-
globulin M rheumatoid factors.18 This effect is more 
distinctive in physiologic than in supraphysiologic con-
centrations and could be in line with the observed nor-
mal range of PRL, especially in patients with idiopathic 
PAH. Proinflammatory cytokines can induce the ex-
pression of PRL receptors in pulmonary f ibroblasts, 
thereby enabling PRL to inhibit cytokine-induced NO 
production and the expression of the inducible NO syn-
thase (iNOS).10 In this manner, PRL and PRL receptors 
may play a modulating role during immune-inflamma-
tory processes.
	 Intact human PRL has angiogenic activities, whereas 
16-kDa PRL inhibits the development of capillaries, 
as shown in rat corneas.9 Whether there are similar ef-
fects on pulmonary capillaries is unknown to date, but 
this could be of interest in regard to a conceptual shift: 
understanding the pathogenesis of PAH as vasoprolif-
erative remodeling, rather than a predominantly vaso-
constrictive process.
	 Differences in the expression of PAI-1 in CTEPH 
thrombi (compared with thrombi seen in acute pul-
monary embolism) have been shown in patients with 
CTEPH.7 Moreover, 16-kDa PRL can activate PAI-1.16

	 The intracellular transduction after activation of the 
PRL receptors is performed by a tyrosine kinase.19 In 
line with this, substances like imatinib, which have 
blocking effects on the activity of tyrosine kinase, are 
examined for the treatment of PAH.20

	 Underlining the possible relevance of prolactin in the 
pathophysiology of PAH, terguride, approved for ovu-

Fig. 5  Box plot shows median and interquartile range of serum 
levels of prolactin in pulmonary hypertension subgroups: control, 
idiopathic pulmonary artery hypertension (IPAH), chronic throm-
boembolic pulmonary hypertension (CTEPH), and portopulmo-
nary hypertension (PoPH). Four extremes for prolactin are not 
shown in the figure due to the scaling. 
 

° = outliers;  * = extremes
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lation disorders due to hyperprolactinemia,21,22 amelio-
rates monocrotaline-induced pulmonary hypertension 
in rats, as previously published.23 The animal mono-
crotaline precapillary pulmonary hypertension model 
is typically used to examine the pathophysiology of 
human PAH. Consequently, it might be speculated 
that prolactin is a factor involved in the pathogenesis of 
PAH.
	 Limitations. Our study was limited by the relatively 
small number of patients. The cohort of patients under 
study was quite inhomogeneous in regard to the un-
derlying type of pulmonary hypertension. Patients with 
comorbid conditions and medication known to affect 
PRL levels were excluded from the study. However, be-
cause our patients received different PAH medications 
and co-medications (like diuretics), unknown interac-
tion of medications and comorbidities with PRL levels 
cannot be ruled out.
	 In addition, the hemodynamic values obtained dur-
ing right-sided heart catheterization were not measured 
at the time of drawing the blood samples. Furthermore, 
follow-up measurements of PRL in each individual pa-
tient were not performed but might be of interest to gain 
insights into the natural course of PRL concentration in 
patients with emerging pulmonary hypertension.
	 The impact of PRL in the pathogenesis of pulmonary 
hypertension is unknown, and our data describe only 
the association. In summary, PRL and 16-kDa PRL 
might be involved in several pathophysiologic processes 
that play a role in developing pulmonary hypertension 
and offer starting points for new treatments. Due to 
the fact that terguride,23 an approved drug for treatment 
of disorders due to hyperprolactinemia,21,22 ameliorates 
experimental precapillary pulmonary hypertension, 
one might speculate that PRL is a factor involved in the 
pathogenesis of PAH. Further studies are necessary to 
clarify the role of PRL.
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