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SUMM A R Y

Hyperprolactinemia that is not associated with gestation or the puerperium is usu-
ally due to tumors in the anterior pituitary gland and occurs occasionally in he-
reditary multiple endocrine neoplasia syndromes. Here, we report data from three 
sisters with hyperprolactinemia, two of whom presented with oligomenorrhea and 
one with infertility. These symptoms were not associated with pituitary tumors or 
multiple endocrine neoplasia but were due to a heterozygous mutation in the pro-
lactin receptor gene, PRLR, resulting in an amino acid change from histidine to 
arginine at codon 188 (His188Arg). This substitution disrupted the high-affinity 
ligand-binding interface of the prolactin receptor, resulting in a loss of downstream 
signaling by Janus kinase 2 (JAK2) and signal transducer and activator of transcrip-
tion 5 (STAT5). Thus, the familial hyperprolactinemia appears to be due to a germ-
line, loss-of-function mutation in PRLR, resulting in prolactin insensitivity.

Prolactin, a hormone that is secreted predominantly by lacto-
trophs in the anterior pituitary gland, is required for the induction and main-
tenance of lactation in the peripartum and postpartum periods.1 However, 

hyperprolactinemia unrelated to pregnancy occurs in approximately 0.1 to 0.3% of 
the general population2,3 and may result in infertility, hypogonadism, and galactor-
rhea. Such nonphysiologic hyperprolactinemia is caused mainly by drugs or by tu-
mors in the anterior pituitary gland, which are usually identifiable by means of 
magnetic resonance imaging (MRI). Approximately 50% of cases of nonphysiologic 
hyperprolactinemia are due to prolactinomas4; a smaller percentage is due to le-
sions in the pituitary stalk or systemic disorders (Table S1 in the Supplementary 
Appendix, available with the full text of this article at NEJM.org).2,3 However, 10 to 
60% of patients with hyperprolactinemia who undergo investigation for a pituitary-
based lesion have normal findings on MRI of the pituitary gland,2,3,5,6 and these 
patients with idiopathic hyperprolactinemia may have a microadenoma below the 
limit of MRI detection (<2 mm in diameter) or a different cause of the disorder.2

The occurrence of idiopathic hyperprolactinemia in families has suggested a 
genetic cause, although investigations for mutations of the multiple endocrine 
neoplasia type 1 gene (MEN1), which are associated with prolactinomas, have not 
detected abnormalities.7 We hypothesized that familial idiopathic hyperprolac-
tinemia may be due to either abnormalities of the prolactin gene (PRL), with the 
secretion of biologically inactive forms of prolactin, or to prolactin insensitivity 
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caused by a mutation of the prolactin receptor 
gene (PRLR). Such prolactin insensitivity would 
be analogous to growth hormone insensitivity 
and parathyroid hormone resistance resulting in 
pseudohypoparathyroidism, which are associated 
with high serum hormone concentrations and 
have various clinical manifestations.8,9 We there-
fore performed genetic studies to determine 
whether there were PRL or PRLR mutations in 
three sisters with familial idiopathic hyper
prolactinemia (Table 1).

C A SE R EPORT S

The proband (Family Member II.2) (Fig. 1) was a 
41-year-old woman with a 2-year history of oligo-
menorrhea and menorrhagia who was found to 
have idiopathic hyperprolactinemia (prolactin 
level, 186.3 ng per milliliter [3950 mU per liter]; 
normal value, <29.7 ng per milliliter [630 mU per 
liter]) (Table 1). Between 18 and 31 years of age, 
she had borne four children, and after the cessa-
tion of breast-feeding after each pregnancy, she 
had required dopamine agonist therapy to termi-
nate persistent galactorrhea. She had no clinical 
features of hypopituitarism and was not taking 
any medication. MRI of the pituitary gland was 
normal (Fig. S1 in the Supplementary Appendix).

Two years after the proband received her di-
agnosis, her 38-year-old sister (Family Member 
II.4) presented with a 3-year history of primary 
infertility. She had persistent hyperprolactinemia 
(prolactin level, 125 ng per milliliter [2643 mU 
per liter]), with a normal MRI of the pituitary 
gland and no other clinical findings (Table 1). 
Evaluation of family members identified another 
sister (Family Member II.3), 43 years of age, with 
longstanding oligomenorrhea, who had hyper
prolactinemia (prolactin level, 99 ng per milliliter 
[2100 mU per liter]), with a normal MRI of the 
pituitary gland (Table 1). In addition, the pro-
band’s father (Family Member I.1) and son 
(Family Member III.2) were found to have persis-
tent hyperprolactinemia, with prolactin levels of 
20 ng per milliliter (429 mU per liter) and 21 ng 
per milliliter (439 mU per liter), respectively 
(normal reference value in men, <19 ng per mil-
liliter [400 mU per liter]) (Table S2 in the Supple-
mentary Appendix).

The family members with hyperprolactinemia 
did not have MEN1 mutations (Table 1) or im-
munologic abnormalities (Table S3 in the Sup-

plementary Appendix). The latter may have been 
expected from suggested roles in immunity of 
prolactin and the prolactin receptor, which is a 
member of the class 1 cytokine receptor family 
that signals predominantly through the JAK2–
STAT5 pathway (Fig. S2 in Supplementary Ap-
pendix).14,15 Four other family members had nor-
mal prolactin levels (Fig. 1, and Table S2 in the 
Supplementary Appendix).

ME THODS

PATIENTS, FAMILY MEMBERS, AND CONTROLS

Informed consent for DNA sequence analysis was 
obtained from 124 persons (oral consent from 
110 unrelated persons and written consent from 
14 persons [9 family members and 5 unrelated nor-
mal persons]) with the use of protocols approved 
by local and national research ethics committees. 
DNA samples from the 110 unrelated persons 
were used as controls for assessing the presence 
of sequence polymorphisms. A total of 4 of the 
5  family members with hyperprolactinemia and 
all 5 unrelated normal persons also provided writ-
ten consent for immunologic studies.

MUTATIONAL ANALYSIS

DNA sequence analysis was performed with the 
use of leukocyte DNA and gene-specific primers 
(Table S4 in Supplementary Appendix). Polymor-
phic variants were identified from public data-
bases (Table S5 in the Supplementary Appendix).

Structural and FUNCTIONAL STUDIES  
OF PRLR MUTATIONS

Mutations were introduced by means of site-
directed mutagenesis into the pdEYFP–PRLR con-
struct (Source Bioscience), which expresses the 
normal prolactin receptor, and human embryonic 
kidney 293 (HEK293) cells transiently transfected 
with nonmutant or mutant PRLR constructs. Phos-
phorylated JAK2–STAT5 was assessed by means of 
Western blot analysis and a STAT5-amplified lu-
minescence proximity homogeneous assay (Alpha
Screen, PerkinElmer), and STAT5-dependent gene 
expression was studied with the use of the cyto-
kine-inducible SRC homology 2 domain protein 
(CISH) pGL4.10 reporter vector and dual lucifer-
ase reporter assay, as described previously.16 Pro-
tein sequence alignments and three-dimensional 
modeling were performed with the use of ClustalW 
software and the PyMOL Molecular Graphics 
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Table 1. Clinical Characteristics of the Proband and Affected Sisters.*

Characteristic Family Member II.2 Family Member II.3 Family Member II.4

Age at presentation (yr) 41 43 38

Clinical presentation Oligomenorrhea Oligomenorrhea Infertility

Gravida 4 0 0

Parity 4 0 0

Body-mass index† 27.8 33.3 30.5

Menarche (yr) 15 15 13

Thelarche (yr) 14 14 12

Current medication None Mirtazapine, diazepam,  
and pizotyline

None

Prolactin level (ng/ml)‡ 136–186 95–99 102–158

Macroprolactin level§ Negative Negative Negative

Luteinizing hormone level (U/liter)¶ 2.0 3.8 2.0

Follicle-stimulating hormone level (U/liter)‖ 3.3 5.6 5.6

Estradiol level (pg/ml)** 39 129 80

Thyrotropin level (mU/liter)†† 2.7 4.1 1.9

Free thyroxine level (ng/dl)‡‡ 0.9 1.2 1.2

Progesterone level at day 21 (ng/ml)§§ NA NA 17

Results of MRI of the pituitary gland Normal Normal Normal

Results of transvaginal ultrasonography Normal ovaries and 
no PCOS

Corpus luteum cyst and 
no PCOS

Corpus luteum cyst and  
no PCOS

Response to dopamine agonist¶¶ Prolactin level normalized  
with cabergoline,  
0.5 mg/wk

No treatment Prolactin level normalized  
with quinagolide,  
75 μg/day

*	 Family Member II.2 is the proband; Family Members II.3 and II.4 are the proband’s sisters. The patients did not have any clinical or serum 
biochemical abnormalities related to multiple endocrine neoplasia type 1 (MEN1). DNA sequence analysis did not identify any mutations 
of MEN1 or the aryl hydrocarbon–interacting protein gene (AIP), which is associated with the familial isolated pituitary adenoma syn-
drome. The occurrence of marked hyperprolactinemia (prolactin level, >95 ng per milliliter [2000 mU per liter]), which was not associated 
with pituitary abnormalities or another identifiable cause but which resulted in various clinical expressions that included oligomenorrhea 
and infertility, suggested that this disorder of familial isolated hyperprolactinemia may be due to prolactin insensitivity. For Family Member II.4, 
the samples for luteinizing hormone, follicle-stimulating hormone, estradiol, and progesterone were obtained on day 21 of the cycle (i.e., 
during the luteal phase). It is not possible to state what stage of the cycle Family Members II.2 and II.3 were in because they have oligo-
menorrhea (i.e., infrequent, irregular menstrual cycles), so the timing of the blood samples is uncertain. MRI denotes magnetic resonance 
imaging, NA not applicable, and PCOS the polycystic ovary syndrome.

†	 The body-mass index is the weight in kilograms divided by the square of the height in meters.
‡	 The range of serial readings at the time of diagnosis is shown (normal value, <29.7 ng per milliliter [630 mU per liter]). To convert values 

for prolactin to milliunits per liter, multiply by 21.2.
§	 The polyethylene glycol precipitation assay was performed to rule out the presence of clinically significant amounts of macroprolactin.
¶	 The normal ranges are as follows: follicular phase, 2 to 13 U per liter; mid-cycle phase, 34 to 115 U per liter; and luteal phase, 1 to 16 U per liter.
‖	 The normal ranges are as follows: follicular phase, 3 to 8 U per liter; mid-cycle phase, 2 to 16 U per liter; and luteal phase, 1 to 5 U per liter.
**	 The normal ranges are as follows: follicular phase, 21 to 251 pg per milliliter (77 to 920 pmol per liter); midcycle phase, 38 to 648 pg per 

milliliter (140 to 2370 pmol per liter); and luteal phase, 21 to 312 pg per milliliter (80 to 1150 pmol per liter). To convert values for estradiol 
to picomoles per liter, multiply by 3.671.

††	The normal range is 0.4 to 5.0 mU per liter.
‡‡ 	The normal range is 0.7 to 1.6 ng per deciliter (9 to 21 pmol per liter). To convert values for free thyroxine to picomoles per liter, multiply 

by 12.87.
§§	 The normal value is greater than 6 ng per milliliter (19 nmol per liter), which is consistent with the range associated with ovulation (6 to 

23 ng per milliliter [19 to 73 nmol per liter]). To convert values for progesterone to nanomoles per liter, multiply by 3.180.
¶¶	The hyperprolactinemia in these women responded to dopamine agonist therapy, thereby indicating preservation of dopamine D2–recep-

tor signaling; this is consistent with the findings in mice null for the prolactin receptor gene, which had reduced hypothalamic dopaminer-
gic tone, indicating a probable loss of negative feedback.10
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System, version 1.6 (Schrödinger), respectively. 
T cells were evaluated from four patients and five 
normal controls.

R ESULT S

MUTATIONAL ANALYSIS OF PRL AND PRLR

DNA sequence analysis of PRL and PRLR in the 
proband and in an unrelated normal person did 

not detect PRL abnormalities but did identify a het-
erozygous A-to-G substitution at c.635 in PRLR in 
the proband (Fig. 1A, and Fig. S3 in the Supple-
mentary Appendix). This A-to-G substitution re-
sulted in a His188Arg substitution (Fig. 1A) within 

D Extracellular Domains of Prolactin Receptor
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A Predicted Outcome of DNA Sequence Analysis

B NcoI Restriction Maps
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Figure 1. Missense Mutation in the Prolactin Receptor 
Gene, PRLR, Resulting in a Change from Histidine  
to Arginine at Codon 188, and Its Location within a 
Three-Dimensional Model of the Prolactin Receptor.

Panel A shows the predicted outcome of DNA sequence 
analysis, which revealed an A-to-G substitution in the 
proband (Fig. S3 in the Supplementary Appendix). The 
A-to-G substitution at codon 188 of the mature pro-
tein is predicted to result in a missense amino acid 
change from histidine (His) to arginine (Arg) and in a 
loss of an NcoI restriction endonuclease site (C/CATGG). 
Panel B shows the NcoI restriction maps of nonmu-
tant and mutant polymerase-chain-reaction products. 
Panel C shows the use of NcoI to confirm the A-to-G 
substitution and to show its cosegregation with disease 
and its absence in two alleles from each of 110 unrelat-
ed normal persons (N1 and N2 are two representatives 
of these 110 unrelated normal persons). Data from 
three of the four children of the proband (Family Mem-
ber II.2; arrow) who were available are shown. The age 
at the time of genetic testing is shown. Squares indicate 
male family members, and circles female family mem-
bers. Filled symbols indicate affected persons, and open 
symbols unaffected persons; the open symbol with the 
dot indicates a mutation carrier with a normal pro
lactin level. S denotes size marker. Panel D shows a 
three-dimensional model of the extracellular domains 
of the prolactin receptor that is based on the crystal 
structure of prolactin (PRL; green) bound to the dimer-
ized prolactin receptor,11 indicated as prolactin recep-
tor 1 (PRLR1; blue) and prolactin receptor 2 (PRLR2; 
maroon). The His188 residue of prolactin receptor 1 
(red dashed circle) occurs within the high-affinity 
(nanomolar range) binding site-1 interface; the His188 
residue of prolactin receptor 2 (black dashed circle) is 
not at the ligand-binding sites but may establish a van 
der Waals interaction between domains 1 and 2 (D1 
and D2, respectively) and be involved in a ligand-in-
duced conformational change that is important for 
receptor activation.11,12 Panel E shows that His188 
forms a noncovalent bond with Asp183 in prolactin and, 
along with additional histidine residues from prolac-
tin, including His180, contributes a critical imidazole 
group that stabilizes the ligand-receptor interaction.13 
Panel F shows that the mutant Arg188 results in dis-
ruption to the prolactin receptor 1 binding site 1 inter-
face through loss of the noncovalent bond with Asp183 
in prolactin and loss of the key imidazole group.
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the mature receptor, which lacks the 24-amino-
acid signal peptide, and a loss of an NcoI restric-
tion endonuclease site that was used to confirm 
the abnormality and show its cosegregation with 
hyperprolactinemia in the family (Fig. 1B and 1C).

Family members with normal prolactin levels 
were homozygous for nonmutant alleles, where-
as affected family members were heterozygous, 
with 1 nonmutant allele and 1 mutant allele, 
which is consistent with an autosomal dominant 
inheritance for the disease. A mutation carrier 
(Family Member III.3), who was 13 years of age 
and prepubertal at the time of testing, did not 
have hyperprolactinemia, probably owing to an 
age-related penetrance for the disease, as observed 
in the case of other autosomal dominant disor-
ders, as well as in Prlr-null mice.10,17 In addition, 
the absence of this DNA sequence abnormality 
in 2 alleles from each of 110 controls (Fig. 1C) 
matched for ethnic group and in more than 
13,000 alleles from databases (Table S5 in the 
Supplementary Appendix), together with the 
conservation of the His188 residue in all lactating 
mammal and marsupial orthologues (Fig. S3 in 
the Supplementary Appendix), indicates that the 
His188Arg abnormality probably represents a PRLR 
mutation rather than a polymorphic variant.

PREDICTION OF EFFECTS OF THE PRLR MUTATion

Crystallographic and in vitro studies have identi-
fied a critical role for His188, which lies within 
the extracellular domain, in affecting the func-
tion of the prolactin receptor.13,18,19 Prolactin in-
teracts with each extracellular domain of the di-
meric prolactin receptor, first by means of a 
high-affinity (nanomolar range) binding site 1, 
and second, by means of a low-affinity (micro-
molar range) binding site 2 (Fig. 1D).11,14,18 
His188 is found at the interface of the high-affin-
ity binding site 1,12,13,18 where it forms a polar 
contact (i.e., a noncovalent bond) with prolactin 
(Fig. 1E) and contributes to a four-member histi-
dine ring, formed by His188 in the prolactin re-
ceptor and three histidines of prolactin (His27, 
His30, and His180), which stabilizes ligand bind-
ing and determines the pH dependence of recep-
tor activation.13

Structural modeling of the PRLR mutation as-
sociated with familial idiopathic hyperprolac-
tinemia, which results in the His188Arg substi-
tution, predicts the loss of both the polar contact 

with Asp183 in prolactin and the critical imida
zole ring that contributes to the high-affinity 
binding site 1 (Fig. 1F). The importance of this 
histidine ring has also been observed in studies 
of engineered mutants showing that a change 
from histidine to alanine at codon 188 (His188Ala) 
in the prolactin receptor results in a reduction in 
ligand binding by a factor of approximately 100 
at physiologic pH.13 In addition, mutant prolac-
tin that shows a change from histidine to aspar-
tic acid at codon 180 (His180Asp) results in a 
complete loss of ligand binding.13

FUNCTIONAL CHARACTERIZATION OF HIS188ARG 
MUTANT

Three-dimensional modeling predicted that the 
His188Arg substitution would result in a loss of 
function of the prolactin receptor. To investigate 
this possibility, we used HEK293 cells, which ex-
press components of the JAK2–STAT5 pathway 
and have been used previously as a model for as-
sessing PRLR variants.20 HEK293 cells that were 
transfected with nonmutant and mutant PRLR con-
structs had similar levels of expression and cel-
lular localization of the respective prolactin re-
ceptors (nonmutant His188 and mutant Arg188 
or Ala188) (Fig. 2A, and Fig. S4 in the Supple-
mentary Appendix).

However, nonmutant His188, but not mutant 
Arg188 or Ala188, prolactin receptors showed a 
significant increase in phosphorylated JAK2 and 
STAT5A when treated with prolactin (Fig. 2A and 
2B, and Fig. S5 and S6 in the Supplementary Ap-
pendix). Thus, the mutant His188Arg substitution 
that is associated with familial idiopathic hyper-
prolactinemia resulted in a loss of function. Pro-
lactin treatment did not induce any of the follow-
ing effects: activation of the mitogen-activated 
protein kinase or extracellular signal-regulated 
kinase pathways in HEK293 cells transfected with 
nonmutant or mutant PRLR constructs; prolifer-
ation of phytohemagglutinin-stimulated or non-
stimulated peripheral-blood mononuclear cells, 
helper T (CD4) cells, or cytotoxic T (CD8) cells 
isolated from patients with the mutant His188Arg 
prolactin receptor; or expression of CD69 or 
CD25, which are early T-cell activation markers, 
in these phytohemagglutinin-stimulated and non-
stimulated cells (Fig. S6, S7, and S8 in the Sup-
plementary Appendix).

Therefore, we performed further time-course 
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Figure 2. Role of PRLR Mutation in Disruption of the Janus Kinase 2 (JAK2) and Signal Transducer and Activator  
of Transcription 5 (STAT5) Pathway.

Human embryonic kidney 293 cells were transfected with nonmutant His188 or mutant Arg188 or Ala188 PRLR con-
structs. Panel A shows a representative Western blot analysis to detect phosphorylated STAT5 (pSTAT5), total 
STAT5, prolactin receptor, and α-tubulin, which was used as a loading control for the amount of cellular protein 
content. Panel B shows the mean change in pSTAT5 expression, as assessed by means of Western blot densitomet-
ric analysis, from four independent experiments. Error bars indicate 1 SE. Panel C shows pSTAT5 expression, as as-
sessed by means of an AlphaScreen assay. Cells transfected with nonmutant His188, but not mutant Arg188, PRLR 
constructs or with an empty control vector, showed a sigmoidal dose–response curve in response to prolactin 
treatment with concentrations of 25 to 1000 ng per milliliter. Dose–response curves show means from four inde-
pendent transfections for each construct and at each prolactin concentration; error bars indicate ±1 SE. Statistical 
significance was calculated with the use of Tukey’s multiple-comparisons test in analysis of variance (ANOVA) to 
generate estimated P values with 95% confidence intervals (Table S6 in the Supplementary Appendix). Panel D 
shows the dose–response curves of the cytokine-inducible SRC homology 2 domain protein (CISH) reporter gene in 
cells transfected with PRLR constructs. Transfection with nonmutant His188, or combined nonmutant His188 and 
mutant Arg188 in a 50:50 ratio, but not mutant Arg188 PRLR constructs alone or empty control vector, resulted in 
significant increases in the expression of the CISH reporter gene. However, combined transfection with nonmutant 
His188 and mutant Arg188 PRLR constructs was associated with a significant rightward shift of the dose–response 
curve. Each symbol represents a value obtained from an independent transfection, and the results from three such 
independent transfections at each prolactin concentration are shown. Statistical significance was calculated with 
the use of Tukey’s multiple-comparisons test in ANOVA to generate estimated P values with 95% confidence inter-
vals (Table S7 in the Supplementary Appendix). To convert values for prolactin to milliunits per liter, multiply by 21.2. 
UT denotes untransfected.
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and dose–response studies only on the JAK2–
STAT5 signaling cascade. Prolactin stimulation 
of HEK293 cells that had been transfected with 
nonmutant His188, but not mutant Arg188, 
PRLR constructs induced STAT5 phosphorylation 
over a range of time periods and at physiologi-
cally relevant concentrations (Fig. 2C, and Fig. S9 
and S10 and Table S6 in the Supplementary Ap-
pendix). Moreover, cotransfections with nonmu-
tant His188 and mutant Arg188 PRLR constructs 
resulted in a reduction of STAT5 phosphoryla-
tion, which was consistent with haploinsuffi-
ciency or an inhibitory action of the mutant 
prolactin receptor on the nonmutant receptor, 
which is referred to as a dominant-negative ac-
tion of the mutant prolactin receptor (Fig. S10 in 
the Supplementary Appendix).

In addition to these effects on STAT5 phos-
phorylation, the His188Arg substitution associ-
ated with familial idiopathic hyperprolactinemia 
had similar effects on STAT5-mediated gene 
expression. Thus, 24 hours after the stimulation 
of transfected HEK293 cells with prolactin, 
nonmutant His188, but not mutant Arg188, pro-
lactin receptors resulted in the increased expres-
sion of a CISH reporter gene, thereby confirm-
ing the loss-of-function effects of the mutant 
Arg188 prolactin receptor (Fig. S10 in the Supple-
mentary Appendix). Cotransfection with non-
mutant His188 and mutant Arg188 PRLR con-
structs resulted in a reduction of CISH reporter 
expression, which is consistent with a loss of 
function and a probable dominant-negative ac-
tion of the mutant prolactin receptor (Fig. 2D, 
and Fig. S10 and Table S7 in the Supplementary 
Appendix).

DISCUSSION

Our results show that a germline PRLR mutation, 
which results in a loss of function, is a cause of 
familial idiopathic hyperprolactinemia, a condi-
tion that is associated with oligomenorrhea and 
infertility. The familial idiopathic hyperprolac-
tinemia–associated His188Arg substitution in 
the prolactin receptor, which leads to prolactin 
insensitivity, is located in the extracellular do-
main and affects a histidine residue, which is 
within the high-affinity ligand-binding interface 
and is critical for prolactin-receptor function.13,18 
This PRLR mutation did not result in altered im-
mune function, a finding that is consistent with 

findings in Prlr-null mice that indicate that prolac-
tin is not an obligate lymphopoietic hormone.21,22

To date, one other nonsynonymous PRLR vari-
ant, causing a change from isoleucine to leucine 
at codon 146 in the extracellular domain of the 
mature protein and resulting in an increased 
basal JAK2–STAT5 signaling in vitro, has been 
reported in women with benign breast fibroad-
enomas.20 However, the in vivo significance of 
this variant in breast disease remains to be es-
tablished, because it is also reported to be a 
common polymorphism, occurring in approxi-
mately 5% of European American populations.

The extracellular domain is a common loca-
tion for mutations affecting cytokine receptors, 
including the growth hormone receptor, in which 
mutations effecting inactivation result in growth 
hormone insensitivity.8 Persons with mutations 
resulting in the homozygous or compound het-
erozygous states of the growth hormone recep-
tor gene have the severe growth hormone–insen-
sitivity phenotype of Laron dwarfism, whereas 
persons with mutations resulting in the hetero-
zygous state of the growth hormone receptor 
gene may have milder phenotypes of idiopathic 
short stature,8 thereby suggesting that familial 
idiopathic hyperprolactinemia may be the milder 
variant of a continuum of phenotypes that are 
due to PRLR mutations.

The hyperprolactinemia in this pedigree was 
found only in postpubertal family members, and 
the serum prolactin concentrations were higher 
in women than in men, findings that are consis-
tent with those in studies in Prlr-null mice.10,23 
Substantial hyperprolactinemia developed in 
Prlr-null mice in adulthood (i.e., 6 months of age 
or older), with infertile female mice having se-
rum prolactin concentrations that were 5 to 10 
times as high as those in male mice.10,23 These 
observations suggest a role for sex-specific fac-
tors, such as increased estrogen levels during 
puberty, in determining the onset and severity of 
hyperprolactinemia.1 The onset of postpubertal 
hyperprolactinemia, with a continuing age-relat-
ed increase in serum concentrations of prolac-
tin, may also provide a possible explanation for 
the observed variation in fertility among these 
three sisters; one sister had, between 18 and 31 
years of age, four successful pregnancies with 
lactation, and the other two sisters, who were 38 
and 43 years of age at the time of the study, had 
primary infertility and oligomenorrhea, respec-
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tively. Hyperprolactinemia is known to induce 
hypogonadism owing to the loss of hypotha-
lamic pulsatile secretion of the gonadotropin-
releasing hormone; thus, the marked increase in 
age-related serum concentrations of prolactin in 
older women (>35 years of age) with familial 
idiopathic hyperprolactinemia may contribute to 
the observed oligomenorrhea and infertility.1,24 
Younger postpubertal women with this condi-
tion may remain fertile until the onset of severe 
hyperprolactinemia.

However, the 38-year-old sister described here 
had infertility but normal ovulatory cycles, thereby 
implicating another role for prolactin and the pro-
lactin receptor in regulating fertility. Indeed, pro-
lactin and the prolactin receptor have been reported 
to have roles in the luteal phase and peri-implan-
tation period, and abnormalities of circulating 
prolactin have been associated with early preg-
nancy loss.1,24,25 Furthermore, the balance among 
the normal prolactin-receptor homodimers, mu-
tant homodimers, and heterodimers within cells 
of the hypothalamic–pituitary–gonadal axis may 
also contribute to these phenotypic variations.

The absence of abnormal findings on MRI of 
the pituitary gland in the sisters reported here 
contrasts with findings in female Prlr-null mice, 
which had pituitary hyperplasia by 6 months of 
age and large tumors by late adulthood (i.e., 14 
months of age), as compared with male Prlr-null 

mice, which had moderate pituitary enlargement 
only at 18 to 21 months of age.10 However, the 
three sisters are only in their 30s or 40s, so it 
seems plausible that they may have pituitary 
hyperplasia that is still below the limit of detec-
tion on MRI or that such abnormalities may de-
velop in later life.

In conclusion, we identified a human germline 
PRLR mutation that effects a loss of function of 
the prolactin receptor and results in familial 
isolated hyperprolactinemia, a condition that is 
associated with oligomenorrhea and infertility.
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