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Abstract 
Introduction

Lymphocytic prolactin (PRL) gene expression is detected in the majority of the immune cells and it is  not known if this 
source contributes to hyperprolactinemia in systemic lupus erythematosus (SLE). We have therefore evaluated lymphocytic 

PRL secretion and gene expression in SLE and healthy controls. 

Methods
Thirty SLE patients (ACR criteria) and 10 controls were selected for the study. Serum levels of PRL and macroprolactin 
were detected by immunofluorometric assay and gel filtration chromatography, respectively. The lymphocytic biological 

activity was determined by Nb2 cells bioassays. Lymphocytic PRL gene expression was evaluated by RT-PCR assay. 

Results
The median serum PRL levels of the 30 SLE patients was higher than the control group (9.65 (1.9–38.9) vs. 6.40 (2.4–10.3) 

ng/mL, p=0.03). A significant difference was detected between median serum PRL levels of active SLE, inactive 
SLE and controls (10.85 (5–38.9) vs. 7.65 (1.9–15.5) vs. 6.40 (2.4–10.3) ng/mL), p=0.01). The higher frequency of mild 

hyperprolactinemia was detected among active SLE in comparison with inactive SLE and controls (7(38.9%) vs. 1 (8.3%) 
vs. 0(0%)), with statistical significance (p=0.02). Nb2 cells assay revealed uniformly low levels of lymphocytic PRL 
in active, inactive and control groups without statistical significance among them (24.2 (8–63) vs. 27 (13.6–82) vs. 

29.5 (8–72) ng/mL), p=0.84). Furthermore, median lymphocytic PRL gene expression evaluated by RT-PCR assay was 
comparable in both active and inactive SLE groups (p=0.12). 

Conclusion
This is the first study to exclude a lymphocytic source of PRL, pointing out a pituitary etiology for hyperprolactinemia in 

SLE. However, other sources from the immune system cannot be ruled out. 
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Introduction
Prolactin (PRL) is known to have a dou-
ble activity, functioning not only as a 
hormone but also as a cytokine. Human 
prolactin (PRL) consists of three main 
isoforms: monomeric (23KDa, consid-
ered to be the biological active mol-
ecule), dimeric (“big prolactin”, bPRL 
~50Kda) and macroprolactin (“big big 
prolactin”, bbPRL >100Kda)
In fact, PRL gene expression can be 
determined in many sites including the 
majority of immune cells where it prob-
ably acts as a cytokine. In this regard, 
previous studies have suggested the role 
of PRL as an immunomodulator, but the 
precise contribution of this “cytokine-
hormone” in the complex immune sys-
tem is not completely understood (1-3). 
Data from experimental animal models 
and some clinical trials suggest that in-
creased PRL levels could be related to 
autoimmune diseases (4-7). Indeed, the 
prevalence of mild hyperprolactinemia 
in systemic lupus erythematosus (SLE) 
is around 20–30% and it was demon-
strated that high PRL levels may or 
may not be associated to disease activ-
ity (SLE) (8-20).
These data raise the hypothesis that PRL 
could be involved in the pathogenesis of 
autoimmune diseases, mainly by local 
lymphocyte production (12). As a matter 
of fact, lymphocytic PRL gene expres-
sion is found in the majority of the im-
mune cells, where it acts as a cytokine, 
via paracrine and autocrine regulation 
(3) reinforcing the possible contribution 
of a lymphocytic source in SLE.
We therefore evaluated lymphocytic 
PRL secretion and its biological activ-
ity and PRL gene expression in patients 
with SLE. 

Patients and methods
Patients
Thirty consecutive SLE patients were se-
lected among our lupus patients attend-
ing the outpatient clinics of the Rheuma-
tology Division of the University of São 
Paulo. All of them fulfilled 4 or more of 
the revised American College of Rheu-
matology criteria for the classification 
of SLE (21, 22). Exclusion criteria were 
presence of physiologic, pharmacologic 
or pathologic causes of hyperprolactine-
mia such as pregnancy, prolactinoma, 

hypothyroidism, renal failure and PRL 
raising drugs. Ten healthy controls with 
the same exclusion criteria were select-
ed for comparison. SLE manifestations 
included cutaneous and/or articular in-
volvement, neuropsychiatric disease, 
renal disease, cardiopulmonary disease, 
and haematologic complications. Clini-
cal activity was measured according 
to the Systemic Lupus Erythematosus 
Disease Activity Index (SLEDAI) (23) 
and were arbitrarily divided into active 
(SLEDAI ≥4) and inactive (SLEDAI<4) 
disease. Most patients were on medi-
cal treatment for SLE, taking one or 
more drugs (chloroquine, mycopheno-
latemofetil, azathioprine, methotrexate, 
prednisone) Regarding the glucorticoid 
dose, one patient was on 60mg/day, three 
patients were on 40mg/day, four patients 
on 30mg/day, twelve patients from 2.5 
to 25mg/day, and the remaining 10 were 
not taking glucorticoid at all. 
The study was approved by the lo-
cal Ethics Committee and informed 
consent was obtained from all partici-
pants.

Methods
-PRL assay
Serum PRL was quantitatively deter-
mined between 08:00h and 10:00h to 
avoid variation due to circadian rhythms. 
Serum was kept frozen (-20oC) for hor-
mone assays which were performed by 
an immunofluorometric assay (Auto 
DELFIA Prolactin Perkin Elmer Life 
and Analytical Sciences, Wallac Oy, 
Turku, Finland). The normal reference 
value is up to 14.5ng/mL. Intra and in-
ter-assay coefficients of variation were 
1.2 and 3.1%, respectively.

-Macroprolactinemia assessment
Macroprolactinemia was investigated 
in all hyperprolactinemic patients by 
polyethylene glycol (PEG) precipita-
tion (24), and confirmed by gel-filtra-
tion chromatography, using a column 
of 1.6x30cm Superdex 200 (Pharmacia, 
Uppsala, Sweden), eluted by FPLC with 
20mM Na2HPO4/NaH2PO4, 15nMNaCl, 
and 10mg/liter of gentamicin (pH 7.5).

-Cell preparation and cultures
Peripheral blood mononuclear cells 
(PBMNC) were obtained by Ficoll 
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gradient centrifugation (Ficoll-Paque®, 
GE Healthcare) (25, 26), with slight 
modifications. PBMNC were recov-
ered from the interface and cultured 
at a concentration of 2.0x106 cells/mL 
in serum-free culture medium AIM-
V (GibcoTM AIMV Medium liquid). 
This technique yields up to 95% of 
lymphocytes. Viability of cells, as de-
termined by Trypan blue exclusion, 
was always above 95%. Cells were in-
cubated for 72 hours at 37oC and 5% 
CO2. Culture media were separated 
from cells by centrifugation at 1000g 
and kept at 80oC until it was analysed 
for PRL bioactivity, while cells were 
prepared for RNA extraction. 

-Bioassays 
Nb2 bioassay
Cells were routinely maintained as 
suspension cultures in RPMI 1640 me-
dium supplemented with 10% horse se-
rum, 10% foetal bovine serum, 50U/ml 
penicillin, 50μg/ml streptomycin (In-
vitrogen, Carlsbad, CA), and 0.1mM 
ß-mercaptoethanol. The Nb2 bioassay 
was performed as described by Tanaka 
et al. (27), with some modifications: the 
cells were prepared immediately before 
assay and diluted in colourless RPMI. 
The cells were incubated at 37oC and 
5%CO2. Cell number was assessed 72h 
after plating by MTS (3(4,5-dimethyl-
thiazol-2-yl)-5(3-carboxymethoxyphe-
nyl)-2-(4-sulfophenyl)-2H- Tetrazoliu-
minner salt) (Promega Corp., Madison, 
WI) assay. MTS dye at 2mg/ml in PBS 
was mixed at a 20:1 ratio (vol/vol) 
with phenazinemethosulfate (Sigma, 
St. Louis, MO), 0.92mg/ml in PBS. 
Twenty microfibers of the mixture were 
then added to each well, and kept there 
for 2h after incubation at 37oC, before 
reading the absorbance at 490nm in a 
microplate reader (model MR4000; 
Dynatech, Chantilly,VA). 
The recombinant PRL (rPRL) prepa-
ration (97/714) of Human PRL WHO 
was used as reference in bioassays. 
This rPRL was diluted in the same 
lymphocytes culture medium (AIM 
V). A standard curve with rPRL was 
constructed in each assay. The bioac-
tivity and lymphocytic PRL level for 
each case was calculated according to 
a standard curve.

Ba/F-LLP bioassay
Ba/F-LLP cells are derived from Ba/
F-3 (murine pro-B cells dependent on 
IL-3 for growth; they were previously 
transfected with a plasmid encoding the 
long isoform of the human PRLR) and 
depend on PRL for their growth (28, 
29). Cells were routinely maintained 
in suspension in RPMI 1640 medium 
supplemented with 10% heat-inactivat-
ed foetal calf serum; 2mM glutamine; 
50U/ml penicillin; 50μg/ml streptomy-
cin; 700μg/ml geneticin, and 1μg/liter 
rPRL. Before being submitted to pro-
liferation assay, cells were starved for 
6h in 1% foetal calf serum colourless 
RPMI 1640 medium with additives and 
then distributed in a flat-bottom 96-well 
plate at a density of 2.5x104 cells/well 
and in a final volume of 200μl. After 
72h at 37oC and 5% CO2, the number 
of viable cells was assessed using the 
MTS assay. 
The same recombinant PRL (rPRL) 
preparation (97/714) of Human PRL 
WHO was used as reference in Nb2 
bioassay. This rPRL was diluted in the 
same medium as lymphocyte cultures 
(AIM V). A standard curve with rPRL 
was constructed in each assay. The bio-
activity and lymphocytic PRL level for 
each case was calculated with basis on 
the standard curve. These procedures 
were similar by carried out for Nb2 bio-
assays. 

-Quantitative RT-PCR
After culture, total lymphocyte RNA 
was isolated from the SLE and control 
groups, the latter forming a pool of nor-
mal control RNA, through guanidin-
iumthiocyanate-chloroform extraction 
(Trizol Reagent, Invitrogen, Carlsbad, 
CA) (30).
Specific exon-primers for PRL and 
glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) (Table I) used as 
an internal endogenous control were 
designed using the software Primer3 
(http://frodo.wi.mit.edu/primer3/).

 Real time RT PCR was carried out in a 
fluorometric thermal cycle (ABI Prism 
7000 Sequence Detection System). 
Fluorescence was monitored during 
every RT PCR cycle at the annealing 
step.
Real-time RT-PCR was performed 
in a single step method (31), using 
Quantitect SYBR® Green RT PCR kit 
(Qiagen; GmbH, D Hilden). Reverse 
transcription was performed at 50°C 
for 5 minutes, followed by 5 minutes 
at 95°C. After that time, the reverse 
transcriptase is destroyed and DNA 
polymerase is activated. Reactions 
were performed in a 25μL volume 
with 150ng RNA; 0.5nM forward and 
reverse primers for the housekeeping 
gene (GAPDH) and for the PRL gene 
and 2x Quant Text Syber Green and 
Quant Text RT mix (Qiagen; GmbH, D 
Hilden). Forty RT-PCR cycles (20 sec-
onds at 95°C, 30 seconds at 55°C, 30 
seconds at 72°C) were run in an ABI 
PRISM 7000 rotor. 
All Real-time RT-PCR assays were per-
formed in triplicate on material from 
the same RNA and its counterpart; no 
RT mRNA samples were included as 
negative control and a normal pool of 
control group was included as positive 
control. The internal endogenous con-
trol (GAPDH) sample was included in 
every plate. PCR efficiency was exam-
ined by serially diluting the template 
cDNA for a pool of normal RNA of 
lymphocytes; at the end of the PCR, a 
melting curve analysis was performed 
by gradually increasing the tempera-
ture from 65°C to 95°C (0.1°C/sec) to 
confirm amplification specificity of the 
PCR products. 
The relationship between the threshold 
cycle (Ct) and the logarithm of RNA 
concentration was studied for deter-
mining the correlation coefficient and 
the slope. The Ct indicates the fraction-
al number at which the amount of am-
plified target reaches a fixed threshold 
(32, 33). 

Table I. exon-primers (PRL and GAPDH).
                           
 Sense Anti-sense

PRL 5’ GAAGTGTGTTTCCTGCAACG 3’ 5’ GGTCAAACAGGTCTCGAAGG 3’
GAPDH 5’ CGCTCTCTGCTCCTCCTGTT 3’ 5’ TGAGGTCAATGAAGGGGTCA 3’
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The 2-ΔΔCt method was used to calculate 
the relative expression of lymphocytic 
PRL gene for active and inactive SLE 
(34).
The quality of individual pairs of prim-
ers was confirmed by real-time PCR 
analysis followed by agarose gel elec-
trophoresis to ensure that there was only 
one product of the expected size and no 
detectable primer-dimer formation. 

Statistical analysis
Data are presented as median and range. 
Statistic analyses were made using the 
Mann-Whitney and Kruskal-Wallis 
methods. Spermann method used for 
correlations. Statistical significance 
was set at p<0.05.

Results
Serum PRL assay
The median age (32 (20–48) vs. 31.5 
(24–42) years, p=0.97) and female 
gender predominance (90% vs. 90%, 
p=1.0) were similar in SLE patients 
and controls. The median serum PRL 
level of the 30 SLE patients was higher 
than the control group (9.65 (1.9–38.9) 
vs. 6.40 (2.4–10.3) ng/mL, p=0.03). 
Mild hyperprolactinemia (<50ng/mL) 
was detected in 8 patients and none of 
the controls (8 vs. 0, p=0.16). Macro-
prolactinemia was confirmed by gel-
filtration chromatography in one pa-
tient. Levels of monomeric PRL were 
similar in SLE and healthy individuals 
(9.35 (1.9–38.9) vs. 6.4 (2.4–10.3) ng/
mL), p=0.06).
Active disease was identified in 18 pa-
tients (60%) and inactive disease in 12 
(40%), with a median SLEDAI of 8.5 
(4-23) and 0, respectively. Frequen-
cies of lupus manifestations were simi-
lar between SLE patients with active 
and inactive disease: cutaneous mani-
festations (100% vs. 75%, p=0.10), 
joint involvement (94.4% vs. 91.7%, 
p=0.65), neuropsychiatric disease 
(22.2% vs. 16.7%, p=0.92), renal dis-
ease (38.9% vs. 33.3%, p=0.93), car-
diopulmonary involvement (22.2% vs. 
41.7%, p=0.46), and hematologic com-
plications (50% vs. 33.3%, p=0.59). 
Significant difference was detected 
among median serum PRL levels of 
active SLE in comparison with inac-
tive SLE and controls (10.85 (5–38.9) 

vs. 7.65 (1.9–15.5) vs. 6.40 (2.4–10.3) 
ng/mL), p=0.01). The higher frequency 
of mild hyperprolactinemia was de-
tected among active SLE, inactive SLE 
and controls (7 (38.9%) x 1 (8.3%) x 
0 (0%)), with statistical significance 
(p=0.02). (Table II). Nevertheless, no 
correlations were detected between 
SLE manifestation and PRL level.

Bioassays and Quantitative RT-PCR
Nb2 cells assay revealed a uniformly 
low levels of lymphocytic PRL in ac-
tive, inactive and control groups with-
out statistical significance amongst 
them (24.2 (8–63) vs. 27 (13.6–82) 
vs. 29.5 (8–72) ng/mL), p=0.84) (Fig. 
1). There was no correlation between 
glucorticoid treatment (independent of 
the doses employed) and the level of 
lymphocytic PRL (r=-0.44, p=0.10). 
Furthermore, median lymphocytic PRL 
gene expression evaluated by RT-PCR 
assay was comparable in both active 
and inactive SLE groups (p=0.12) (Fig. 
2). 

Of note, a positive correlation was 
found between lymphocytic PRL gene 
expression and lymphocytic PRL bio-
activity in Nb2 assay, showing that 
lymphocytic PRL production is propor-
tional to its bioactivity (Fig. 3).
In our study, Ba /F-LLP cells assay was 
performed in all patients and controls; 
however the values obtained were bel-
low the sensitivity of the method and 
therefore not reliable for evaluating 
lymphocytic PRL (data not shown).

Discussion
This study suggests that lymphocytic 
PRL does not contribute to hyperprol-
actinema of SLE, supporting a pituitary 
origin for PRL hypersecretion. 
In the last 10 years, there has been a 
growing body of evidence that strongly 
supports a close link between hyperpro-
lactinemia and autoimmunity. In fact, 
most of the studies in SLE reinforce 
this possibility since hyperprolactine-
mia was described in about 20%–30% 
of lupus patients, usually with mildly 

Table II. Laboratorial findings in active/inactive SLE patients and controls.

 Active SLE Inactive SLE Control p-value
 
 n=18 n=12 n=10 –
Serum PRL (ng/mL) 10.85 (5-38.9) 7.65 (1.9-15.5) 6.4 (2.4-10.3) 0.01
Hyperprolactinemia (%) 7 (38.8%) 1 (8.33%) 0  0.02
Macroprolactinemia (%) 0 (0%) 1 (8.33%) 0 (0%) Not applicable
Monomeric PRL (ng/mL) 10.85 (5-38.9) 7.1 (1.9-12.3) 6.4 (2.4-10.3) 0.06
Lymphocytic PRL (ng/mL) 24.2 (8-63) 27 (13.6-82) 29.5 (8-72) 0.84

Fig. 1. Median lymphocytic PRL levels in active (n=18) and inactive (n=12) SLE patients and controls 
(n=10) as determined by Nb2 cell assay. 
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elevated PRL levels (13), as also ob-
served in our study. 
Importantly, a positive relationship 
between hyperprolactinemia and dis-
ease activity has been demonstrated 
in some studies, but not confirmed by 
others (17). Our data support that PRL 
levels are influenced by the inflamma-
tory status of the disease. Some of the 
previous association may be explained 
by different methods of measuring dis-
ease activity and more importantly, the 
use of PRL assays that did not exclude 
macroprolactin (bbPRL) (14, 35, 36).
This latter isoform (bbPRL) shows less 
in vivo and in vitro bioactivity as com-
pared to monomeric PRL (29), and in 
SLE it was suggested to be a possible 
“protective factor” (35, 37). The esti-
mated prevalence of macroprolactine-

mia in subjects with normal PRL levels 
is 0.15%–1.3% in contrast to 15.4%–
46% in subjects with hyperprolactine-
mia(38). The low prevalence in our 
SLE patients supports the notion that 
macroprolactinemia is not an autoim-
mune phenomenon (39).
Another important issue of the present 
study was to define the origin of hy-
perprolactinemia in SLE. Some studies 
pointed out the possibility of an extra-
pituitary source but this is still a matter 
of debate. Nb2 assay used herein has 
the advantage to be extremely sensitive 
and able to detect minimum amounts of 
PRL, such as 8pg/mL or less and should 
therefore be considered a reliable 
measurement. Ba/F-LLP assays would 
be of great help in clarifying some 
bioactivity differences among groups 

since it is a homologous assay (28, 29). 
However, our bioassay with Ba/F-LLP 
cells revealed to be inadequate for the 
evaluation of lymphocytic PRL bioac-
tivity due to its low sensitivity (data 
not shown). Actually, in the literature, 
Ba/F-LLP bioassay is described as less 
sensitive than Nb2 bioassay to evaluate 
serum PRL bioactivity (29). 
The finding of low and comparable 
lymphocytic PRL levels in all stud-
ied groups suggests that lymphocyte 
is not directly implicated in SLE hy-
perprolactemia. Furthermore, active 
and inactive SLE patients had similar 
lymphocytic PRL production which 
supports the notion that they are not as-
sociated with disease activity. In fact, 
secretion was too little to justify an in-
crease in serum PRL level which is in 
accordance with the hypothesis of Ben-
Jonathan et al. (40).
The possibility of a reduction in bio-
activity due to the freezing and throw-
ing of the samples (41) (supernatants 
of cultures) which would justify the 
low activity observed in all groups is 
unlikely. In this regard, similar lym-
phocytic PRL gene quantitative ex-
pressions (qRT-PCR) were detected in 
active and inactive SLE emphasising 
the consistency of the Nb2 assay find-
ings. Additionally, there was a positive 
correlation between lymphocytic PRL 
gene expression and its bioactivity 
showing that transcript was translated 
into protein and that the determination 
of lymphocytic PRL from its bioactiv-
ity is, indeed, reliable. Moreover, qRT-
PCR demonstrated similar expression 
of lymphocytic PRL gene in SLE re-
gardless disease activity status. 
Immunossupressive therapy does not 
seem to account for our findings since 
previous studies have demonstrated 
that these drugs do not affect pituitary 
PRL levels (42-46).On the other hand, 
steroid therapy reduces pituitary PRL, 
an effect largely dose-dependent. This 
effect was minimised in the present 
study, since few patients were under 
high doses, and their inclusion in the 
analysis may have underestimated PRL 
serum levels in active SLE patients. 
Previous studies have suggested 
good response with bromocriptine (a 
dopaminergic agonist) in lupus experi-

Fig. 2. Median lymphocytic PRL gene expression in active (n=18) and inactive (n=12) SLE patients. 
Control group is represented by a lymphocytic PRL gene expression =1 (horizontal line).

Fig. 3. Correlation between lymphocytic PRL levels and its gene expression in active (n=18) and 
inactive (n=12) SLE patients.
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mental models (NZB/NZW) (47) and 
in active SLE patients (48, 49). The use 
of this drug would be an indirect way 
to show pituitary involvement lupus 
hyperprolactinemia since extrapituitary 
PRL is not controlled by dopaminergic 
tonus (50). The molecular and cellular 
experiments performed herein provid-
ed strong evidence to exclude the role 
of lymphocytic PRL in the etiology of 
high PRL levels in lupus. Other sourc-
es from the immune system, however, 
cannot be ruled out.
In conclusion, we have demonstrated 
by gene expression and bioactivity as-
says strong evidence of pituitary eti-
ology for hyperprolactinemia in SLE. 
The role of lymphocytic PRL recep-
tor expression needs to be further in-
vestigated in order to define if distinct 
lymphocyte sensitivity to this pituitary 
PRL enables a direct endocrine, para-
crine or autocrine PRL actions in im-
mune system cells.
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