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Abstract
Objective

To verify the presence of hyper-PRL in SLE patients, its association with high disease activity, specific organ 
involvement or presence of anti-ds-DNA antibodies.

Methods
The group under study consisted of 80 patients with systemic lupus erythematosus (SLE), 28 patients with 

rheumatoid arthritis (RA) and 27 healthy controls. PRL serum levels were assayed using standard commercial kits
(Immunotech Prague) with the radioimmunometric method for testing three samples of each of the subjects. The 

samples were taken in the morning hours (9-11 a.m.) of absolute rest 30 minutes after the introduction of the cannula
at 30-minute intervals.

Results
A significantly higher rate of elevated PRL levels was found in SLE patients (40.0%) compared with the healthy 

controls (14.8%, p < 0.017). No proof was found of association with the presence of anti-ds-DNA or with specific
organ involvement. Similarly, elevated PRL levels were found in RA patients (39.3%). The PRL elevation tended to

decline from the 1st to the 3rd sample in the group of patients with SLE and RA but not in healthy controls.

Conclusion
As follows from our measurements of prolactin serum values in SLE patients they are varriable by definition. 

According to our opinion further investigations are needed
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Introduction
Prolactin (PRL) is a polypeptide hor-
mone of 23 kDa molecular we i g h t
made up of 199 amino acids, and pro-
duced by lactotropes, acidophilic cells
of the anterior lobe of the pituitary.
PRL is also synthetized in some other
parts of the brain and in certain periph-
eral blood elements (1). Whether this
ex t ra - p i t u i t a ry PRL, also known as
PRL-like hormone (2), interferes with
serum PRL radioimmunoassay (RIA)
and whether it also has a fe e d b a ck
effect on PRL secretion in the pituitary,
has yet to be elucidated. There is, how-
ever, proof of its apocrine and para-
crine function of cellular growth factor,
a function enhancing mitogenesis and
lymphocyte differentiation at the site
of inflammation and thereby their own
production of yet other mediators and
immunomodulators - including inter-
leukines (IL) and growth factors. PRL
also directly interferes with the synthe-
sis of some acute-phase proteins in the
liver (stimulating, e.g., alpha-2-macro-
globulin synthesis). As a result of these
discoveries, PRL was classed among
immunomodulators, and the hypothe-
sis was advanced of its part in the path-
ogenesis of autoimmune diseases (3).
While there are number of studies (4-
7) showing a frequent occurrence of
serum PRL elevation in SLE, only few
also take into account the physiologi-
cal properties and secretion control of
this hormone. PRL assumes the great-
est so far known relevance during preg-
nancy and subsequent lactation marked
by a gradual long-term increase in its
serum levels. Serum PRL also shows
s h o rt - t e rm elevation in situations of
s t re s s , e l evated temperat u re or as a
consequence of some other disease or,
last but not least, the intake of some
medicaments (8).
PRL secretion is not under the usual
feedback control. Instead, it is of the
pulse-type, episodic, and influenced by
a number of factors of humoral nature,
apparently also by nitrogen oxide. Be-
side this, it is subject to a certain di-
urnal and, in women, monthly rhythm,
reaching peak values in the early morn-
ing hours, close before waking up, in
the REM phase of sleep. Women show
m a x i mum values just befo re menses
(9).
For those reasons,samples of blood for

the estimation of basal serum PRL lev-
els are usually taken 1 - 2 hours after
awakening, in fertile women on days
12-14 of the menstrual cycle. However,
most of the studies (4, 6, 10) concern-
ing PRL re l at ive to SLE as published so
far fail to mention the conditions or
t e chnique of sample taking, and often
even fail to take into account the diffe r-
ent phy s i o l ogical norms for men, fo r
women in the ch i l d - b e a ring age, a n d
post-menopausal women. The majori t y
( 6 ,1 1 , 12) operate mere ly with moder-
ate hy p e r-PRL ra n ging from 20 to 30
ng/l (in our lab o rat o ry 600-1000 mUI/
l). To Bat rinos and others (13, 1 4 ) ,
higher PRL levels are not subject to the
c i rcadian rhythm of secretion; re s p o n-
s i ble for their secretion ap p e a rs to be a
p e rmanent sourc e, most like ly a micro-
adenoma. Neve rt h e l e s s , values lowe r
than that (20 ng/l) may rep resent but a
t ransient increase with rapid norm a l i z a-
tion caused, p ro b ably, by the subject´s
ove rall condition at the time of ex a m i-
n ation rather than by disord e rs of the
n e u ro e n d o c rine or immune systems. 
Stress, both psychic and physical, in-
duced , e.g., by mere intake of food or
needle entry into the vein, is another
significant, often ignored, factor likely
to influence PRL synthesis and secre-
tion (15).
We also aimed at finding out to what
extent the stress factor can affect the
serum levels of PRL. In essence, the
point was to see if an increased PRL
serum level is in any way associated
with SLE activity (rated in terms of
SLEDAI), with the presence of anti-ds-
DNA antibodies, or with the defined
organ involvement as lupus nephritis
(LN) and neuro p s y ch i at ric lupus
(NPSLE) as part of the underlying dis-
ease; diagnosed on the basis of 1999
ACR criteria (16). 

Materials and methods
A total of 80 patients with definite SLE
were examined diagnosed on the basis
of ACR criteria. The results were com-
pared with 28 patients suffering from
rheumatoid arthritis in different stages
of diseases, and with 27 healthy con-
trols (Table I).
After 6 months, 34 SLE patients were
re - i nve s t i gat e d. All the SLE pat i e n t s
had their disease activity rated with the
SLEDAI score (regarded as “inactive”
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Table I. Demographic characteristics of the investigated SLE, RA patients and healthy controls.

SLE Mean age RA Mean age Healthy controls Mean age

Total 80 40.8 ± 11.34 28 54.64 ± 14.45 27 39.57 ± 19.75
Women in fertile age 49 34.4 ± 8.20 8 37.13 ± 11.84 11 29.72 ± 10.37 
Women in menopause 24 54.04 ± 3.07 15 62.2 ± 7.25 5 63.40 ± 13.61
Men 7 40.43 ± 9.14 5 60.0 ± 10.79 11 38.55 ± 20.99
Lupus activity (SLEDAI > 4) 62 - - - - - 
Lupus inactivity (SLEDAI ≤ 4) 18 - - - - - 
Anti-dsDNA positive 42 - - - - - 
Anti-dsDNA negative 38 - - - - - 
Lupus nephritis 27 - - - - - 
NPSLE* 31 - - - - - 

*Neuropsychiatric SLE.

were those with SLEDAI < 4); also
under scru t i ny we re the presence of
s p e c i fic anti-ds-DNA autoantibodies
and actual organ involvement. Exclud-
ed from the group were patients with
other causes of hyper-PRL (severe re-
nal insufficiency, hypothyroidism, pro-
l a c t i n o m a , p reg n a n cy, t re atment with
hyper-PRL-inducing medication). Pa-
tients and healthy subjects with highly
increased serum PRL (in men > 800
m I U / l , in wo m e n : > 1000 mIU/l) under-
went clinical examination as well as
MR imaging for the purpose of ruling
out the presence of pituitary adenoma.
All healthy individuals had basic
s c reening perfo rmed to rule out the
presence of any autoimune or endo-
crine involvement. 

Serum PRL assay
All samples of blood we re taken in the
m o rning hours (9-11 a.m.). After 30
m i nutes of the subjects' perfect re l a x-
at i o n , a cannula was introduced and
t h e n , after another 30 minu t e s , s a m p l e
No. 1 was taken. Samples 2 and 3 we re
t a ken at intervals of the same durat i o n ,
i . e. ,e a ch time after 30 minutes. The con-
c e n t rations of PRL we re measured in
d u p l i c ate by immu n o ra d i o m e t ric assay
( I R M A , I M M U N OT E C H , P rag u e ) .
S e rum samples (50 µl we re incubat e d
with 1 2 5I - l abelled antibody 150000 cpm/
500 µl) in tubes pre c o ated with mono-
clonal anti-prolactin antibody for one
hour at room temperat u re by continu o u s
s h a k i n g. The contents of tubes we re
a s p i rat e d. The tubes we re washed twice
with 2 ml of wash solution, and the
ra d i o a c t ivity bound to the tubes wa s
m e a s u red in a gamma counter.

The standards supplied with the kits
were calibrated using the international
standard WHO 84/500 (1 ng/ml = 30.3
mIU/l). The limit of sensitivity of the
a s s ay was 30 mIU/l. The intra- and
i n t e r- a s s ay coefficients of va ri at i o n
we re determined with the use of
pooled patients' serum samples 4.5 and
8.8%, respectively. 

Estimation of circulating anti-ds-DNA
autoantibodies
Anti-ds-DNA autoantibodies were de-
tected by the indirect immunofluores-
cence method (SEVAT E S T, S E VAC ,
Prague) at the Immunological Labora-
tory of the Rheumatological Institute
in Prague. Trypanosomes were used as
substance on the slides containning the
kinetoplast consisting of nat ive ds-
D NA. After ove rl aying the substrat e
with patients’ sera, the complex of ds-
DNA and specific antibodies was visu-
a l i zed by FITC labelled anti-human
g l o bulin conjugat e. The slides we re
examined under a fluorescente micro-
scope and the fluorescence of kineto-
plasts was evaluated.

Statistics
The results were expressed in terms of
the mean value ± standard deviation in
all the subjects investigated. To prove
the higher rate of increased hyper-PRL
(increase in all three samples) in pa-
tients with SLE, with rheumatoid arth-
ritis, as well as in the healthy controls
( i n t e rc o m p a ri s o n ) , the χ2 - s q u a re test
was used. The test was also used to
show hyper-PRL relative to the disease
activity, presence of anti-ds-DNA auto-
antibodies, or specific organ involve-

ment (kidney and/or central nervo u s
system – CNS). The Friedmanns test
was employed for the statistical differ-
ence between the mean values in sam-
ples No. 1 and 3. Hyper-PRL changes
after the given period of time (6
months) were rated by means of the
MacNamara test.

Results
A signifi c a n t ly higher rate of incre a s e d
PRL levels was found in patients with
S L E , and with rheumatoid art h ritis than
in the healthy controls group (Table II).
A c c o rding to the serum PRL re a d i n g s ,
the patients found to have the s.c. “ i d i o-
p at h i c ” hy p e r-PRL with elevated seru m
values in all three blood samples, we re
d ivided into three groups according to
the degree of hy p e r-PRL into those
with mild, m o d e rate and high hy p e r-
PRL (Table II). Simu l t a n e o u s ly we
o b s e rved that the highest mean va l u e s
of serum PRL we re signifi c a n t ly more
often found in the fi rst of the three sam-
ples taken from all the groups under
s t u dy - in SLE pat i e n t s , in patients with
r h e u m atoid art h ri t i s , as well as in heal-
t hy individuals (Fi g. 1). In patients with
SLE and RA, a significant diffe re n c e
was found in the mean PRL values of
samples 1 and 3 (p < 0.001). This fa c t
was not confi rmed for healthy indiv i d u-
a l s .

Elevated serum PRL levels and lupus
disease activity (SLEDAI-rated)
Sixty-two SLE patients were found to
be “ a c t ive ” a c c o rding to our cri t e ri a
(SLEDAI > 4). 26 of them (i.e.,41.9%)
had increased PRL levels (in all three
samples). Eighteen we re “ i n a c t ive ” ,
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Table II . Distribution of mild, moderate and high serum hyper-PRL estimated in all three blood samples in SLE and RA patients and
healthy controls.

Mild Moderate  High
Hyper-PRL Men > 200 -450 mIU/l Men > 450 - 850 mIU/l Men > 850 mIU/l

Menopausal women Menopausal women > 450 - 850 mIU/l Menopausal women
> 200 - 450 mIU/l > 450 - 850 mIU/l > 850 mIU/l

Fertile women > 450 - 600 mIU/l Fertile women > 600 - 1000 mIU/l Fertile women > 1000 mIU/l

SLE (n = 80) 32 (40,0%) * 20 (25.5%) 9 (11.3%) 3 (3.8%)
Fertile (n = 49) 12 4 6 2
Memopausal (n = 24) 16 12 3 1
Men (n = 7) 4 4 0 0

RA (n = 28) 11 (39.4%) ** 8 (72.7%) 3 (27.3%) 0
Fertile  (n = 8) 1 0 0 0
Memopausal (n = 15) 9 8 1 0
Men (n = 5) 1 1 1 0

Controls (n = 27) 4 (14.8%) 4 (100.0%) 0 0
Fertile (n = 11) 0 0 0 0
Menopausal (n = 5) 1 1 0 0
Men (n = 11) 3 3 0 0

χ2-square test: *p < 0.017; ** p < 0.041

PRL elevation was seen in 6 of them
(i.e. 33.3%). No association was found
between the disease activity and PRL
readings (p < 0.512). 

Elevated serum PRL levels and the
presence of anti-ds-DNA autoanti-
bodies
Forty-two SLE patients were found to
h ave anti-ds-DNA autoantibodies in
circulation at the time of blood sample
taking for serum PRL assay. Out of
these, 42.9% had increased levels of
PRL. No evidence was found of an
a s s o c i ation between the presence of
anti-ds-DNA and serum PRL levels in
SLE patients (p < 0.0583). 

Asssociation between serum PRL 
and specific organ involvement
SLE patients were divided into three
groups according to manifest specific
o rgan invo l vement – lupus nep h ri t i s
(LN), neuropsychiatric SLE (NPSLE)
and other (i.e. with skin disease, pul-
monary disease, vasculitis and/or with-
out any specific organ manifestation of
the underlying disease). No association
was found between increased PRL
readings and any specific organ in-
volvement.

Re-investigated SLE patients
Th i rt y - four SLE patients we re re -
i nve s t i gated after the elapse of six
months. A change in serum PRL levels

had occurred in 8 patients. Five exhib-
ited spontaneous improvement in their
i n i t i a l ly diagnosed hy p e rp ro l a c t i n a e-
mia, while in four of them hyper-PRL
had developed a new by the time of
repeated blood sample taking, and that
independently of the activity of the dis-
ease or the presence of anti-ds-DNA.
Hence the overall profile of hyper-PRL
in SLE patients showed no particular
ch a n ge after those six months (p <
0.7398).

Discussion
As follows from our continual moni-
toring of PRL secretion, its serum lev-
els are variable by definition. As al-
ready pointed out in the Introduction,
PRL secretion is subject to a number of
reg u l at o ry mechanisms. Ap a rt fro m
that, physiological serum PRL levels
a re diffe rent for men and for fe rt i l e
women. At the time of menopause, the
values drop to those typical of men, a
fact attributable to decreasing estrogen
levels. 
Apart from that, there are external in-
fluences, e.g., stress; PRL has been in-
cluded among the so called stress hor-
mones (such as AC T H , c o rt i s o l , grow t h
h o rmone and others) and re s e a rch
cl e a rly demonstrates links bentwe e n
the stress system alterations in disease
activity, and associaated outcomes in
p atients with rheumatic disease (17,
18). Some studies indicate that major

life events may be implicated in the
onset and exacerbation of RA (19, 20).
Da Costa et al. examined the link be-
tween major and minor stressors, dis-
ease activity and damage va ri abl e s ,
and changes in functional disability in
women with SLE over an eight-month
p e riod and concluded that va ri o u s
forms of stress may play different roles
in SLE-related outcomes (21). Hence,
s t ressor and the components of the
stress response seem to be inextricably
i nvo l ved in the disease process of
r h e u m atic autoimmune conditions
(22). 
A c c o rding to endocri n o l ogi s t s , s a m-
ples should be taken repeatedly for any
correct estimation of stress hormones.
Dostál et al. (15) made sure that blood
samples we re taken rep e at e d ly fro m
SLE patients to assay serum PRL.
Thus they were able to prove not only a
higher rate of hyper-PRL in SLE pa-
tients but also a statistically significant
difference between the mean values of
samples 1 and 3. Similarly, serum PRL
ought to be assayed in the morn i n g
hours (9-11 a.m.); however, not even
this is always mentioned in the authors'
c o m mu n i c ations (23-25). As in our
own study, a number of others are con-
c e rned with hy p e r-PRL in SLE pa-
tients, but also with hyper-PRL relative
to such factors as disease activity or
specific organ involvement. For exam-
ple Buskila et al. failed to prove its
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Fig. 1. Mean serum prolactin values in SLE,RA patients and healthy controls taken in three
consecutive samples.

Table III. SLE patients-association of serum hyper-PRL with SLEDAI activity score, anti-
dsDNA and specific organ involvement  (lupus nephritis, NPSLE).

SLEDAI Anti-dsDNA Organ involvement

SLE Lupus nephritis NPSLE
score > 4 + + + 

Total (n = 80) 62 (77.5%) 42 (52.5%) 27 (33.75) 31 (38.75)

Hyper-PRL (n = 32) 26 (41.9%)* 18 (42.9%)* 12 (44.4%)* 10 (32.3%)*
p < 0.512 p < 0.583 p < 0.563 p < 0.261

*χ2 test - not significant

relation to disease activity (6), unlike
others who did prove this interrelation-
ship in their study. El-Garf et al.
d e s c ribed hy p e r-PRL association in
SLE patients with CNS involvement,
though only in its infantile form (26),
Miranda et al. again found a hyper-
PRL association in SLE patients suf-
fe ring simu l t a n e o u s ly from active
lupus nephritis (27). 
In our own study, we could not demon-
strate any association with the disease
activity, specific organ involvement or
even the presence of anti-ds-DNA anti-
bodies; we found 40% of our SLE
group to have serum PRL elevat e d
above the usual norm, but only 11.3%
to have moderate hy p e r-PRL (Tabl e
II). This range of values is regarded by
the majority of authors as significant in
connection with the immune system or
its disorders. While this discovery is in
the agreement with the conclusions of
some recent studies showing hy p e r-
PRL in SLE patients at a rate of 20 -
3 1 % , the diffe rences in the ove ra l l
number of patients with hy p e r- P R L
and those who exhibit moderate values

of elevation may account for the differ-
ent results obtained in different studies. 
Another, no less important fact arising
from our study is that serum PRL ob-
tained from subsequent samples taken
at 30-minute intervals showed a ten-
dency toward decrease or even normal-
ization, and that the mean values of the
first and third samples taken showed a
significant difference in patients with
SLE or RA, but not in the healthy con-
trols (Fig. 1). This may indicate that an
i m mune system disorder re s p o n s i bl e
for inflammatory processes may result
in lower resistance and higher lability
vis-à-vis stress. 
Differences in the results of the partic-
ular studies published so far may, in
part, be due also to differences in the
techniques of estimation. Similarly, the
recently described presence of antibod-
ies against PRL in some SLE patients
may have a share in the different read-
ings obtained because on binding with
the antibody, p rolactin ap p e a rs to
change its biological activity (28,29).
Whether those autoantibodies are also
found in connective tissue diseases

other than SLE is as yet not quite clear.
Nor is it clear whether these autoanti-
bodies actually set off hyper-PRL in
SLE patients. Another moot question is
whether the presence of autoantibodies
against PRL has any bearing on the
clinical course of the disease and if so,
in which sense. Leanos et al. found a
higher rate of hyper-PRL in SLE pa-
tients with autoantibodies against PRL
than in patients without such autoanti-
bodies; their patients were also found
to have a lower activity of the under-
lysing disease (30). 
Extrapituitary secretion of PRL is ano-
ther phenomenon re q u i ring elucida-
tion. The conventional techniques of
serum PRL assaying fall short of dif-
ferentiating PRL produced by inflam-
m at o ry elements and, c o n s e q u e n t ly,
fail to take a closer view of its function
and effect on the autoimmume process.
PRL secretion by polymorphonuclears
has already been proved by a number
of authors (2,3,31), both in SLE pa-
tients and in healthy controls. Gutiérez
et al. found this secretion to be higher
in SLE patients than in the healthy
c o n t rols group (2). Its share in the
pathogenesis and course of the disease
still remain unaccounted for; hence, it
will be necessary not only to define
precisely the actual function of PRL
produced in this way, but also to assess
its share in the control and secretion of
PRL in the adenohypophysis.
Last but not least, there is the question
of diagnosing the so-called moderate
PRL (ra n ging from 600 to 1000
ml/IU/l 20-30 ng/l), in wh i ch the
immunological power of PRL is pre-
sumed (32). Is a moderate elevat i o n
only a transient factor caused by physi-
ological mechanisms, or is it already a
pathological conditions requiring ther-
apeutical interve n t i o n ? This is still
open to discussion. Besides, to take the
e n d o c ri n o l ogical consensus into ac-
c o u n t , i d i o p athic hy p e r-PRL within
this ra n ge re q u i res monitoring alone
rather than suppressive therapy (13).
L i kew i s e, it is also unclear wh e t h e r
this applies to patients with idiopathic
hyper-PRL and autoimmune disease. 
Summarizing the findings of our study,
we abided by certain phy s i o l ogi c a l ,
pathophysiological and endocrinologi-
cal rules in studying the PRL serum
levels, hormones and a potential agent
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interconnecting the neurohumoral and
immune systems. The blood samples
were taken repeatedly after a period of
time following the introduction of the
cannula, while the subjects were in a
perfectly relaxed condition, and in the
morning hours. We observed different
p hy s i o l ogical norms for men, fo r
women in the child-bearing age, and
for menopausal women. As positive
results were regarded solely increased
values in all three samples. However,
even these aspects taken into account
in our study are far from all the factors
that call for closer examination if the
PRL-SLE interconnection is to be fully
elucidated. Jara et al. in their study re-
fe r, among other things, to the phe-
nomenon of persisting hy p e r- P R L
( e. g. , in microadenoma or under the
effect a hereditary disorder of the PRL
secretion inhibitory mechanism) as a
potential triggering mechanism of the
disease as such (33). Another problem
to deal with, are PRL receptors and
their proliferation in the course of the
disease (34). Nobody has as yet studied
their connection with the disease activ-
i t y. In this way, our study has only
added to the number of potential fac-
tors likely to help expose the PRL rela-
tive to the immune system and, conse-
quently, to autoimmune processes and
SLE as such.
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