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Abstract

Purpose Hyperprolactinemia (HPRL) has been reported in many autoimmune diseases. However, the serum autoantibody
profile and peripheral B-cell subset distribution in women with HPRL are largely unknown. The current study aimed to
investigate the autoantibody prevalence and cytokine levels as well as to further explore the B-cell subset distribution in
women with HPRL.

Methods Sera from 202 women with HPRL and 97 healthy women were included in this study. All sera were examined for
prolactin (PRL), anti-nuclear antibody (ANA), rtheumatoid factor, anticardiolipin (ACL), immunoglobulin G, immunoglo-
bulin M, complement 3, complement 4, interleukin 4 (IL-4) and interleukin 6 (IL-6). Peripheral blood was collected from 22
women with HPRL and 19 healthy women, and B-cell subsets were measured by flow cytometry.

Results At least one autoantibody was found in 47 out of 202 women with HPRL compared with 9 of 97 healthy women (p
<0.001). The levels of IL-4 (p <0.0001) and IL-6 (p <0.0001) were significantly higher in women with HPRL than in
healthy women. The percentages of naive IgD1tIgM™ B cells (Byp cells, p <0.0001), antibody-secreting cells (p = 0.007)
and unswitched memory B cells (p = 0.004) among the total B cells from HPRL women were significantly higher than those
from healthy women.

Conclusions Women with HPRL had a higher prevalence of autoantibodies, higher serum levels of IL-4 and IL-6, and more
Bnp cells, antibody-secreting B cells and unswitched memory B cells than healthy women. These data imply that a high
level of PRL is associated with autoimmune diseases.
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Introduction

Autoimmune diseases are well known to be more common
in women than in men, suggesting that female sex hormones
may regulate immune responsiveness [1, 2]. Prolactin (PRL)
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is a peptide hormone produced by lactotroph cells in the
anterior pituitary gland. In addition, PRL synthesis has been
detected from extra pituitary sources including immune
cells. PRL receptors have been identified on monocytes as
well as B and T lymphocytes. Therefore, PRL has the ability
to promote cell growth or differentiation in several tissues
and functions as an immune-stimulator [3, 4].

Over the years, the role of PRL in T and B cells mod-
ulation, cytokine regulation and antibody production has
been studied in vivo and in vitro [5]. Many studies have
shown that PRL has an important role in rheumatic diseases,
such as systemic lupus erythematosus (SLE), rheumatoid
arthritis (RA), reactive arthritis, Sjogren’s syndrome, sys-
temic sclerosis, psoriasis, Bechet’s disease and polymyositis
[6, 7].

Hyperprolactinemia (HPRL) is characterised by high
expression levels of serum PRL, and the expected rate of
HPRL is 0.4-3% in a healthy population [8]. Hashimoto’s
thyroiditis, which is the most common autoimmune disease
associated with HPRL, was detected more frequently in
patients with prolactinoma than in patients with acromegaly
[9]. In line with this observation, recent data from a cross-
sectional case—control study showed that autoimmune
hypothyroidism is three times more common in female
prolactinoma patients than in healthy women [10].

In fact, many autoantibodies may present a few years
before the onset of symptomatic autoimmune disease [11].
Therefore, exploring whether autoimmune markers are
altered in HPRL patients without autoimmune symptoms is
of interest. Some early studies have reported an increasing
prevalence of various autoantibodies in patients with HPRL
[12, 13]. However, these studies enroled rather small
cohorts of patients. Notably, a recent study revealed an
association between increased levels of IL-4 and anti-TPO
with HPRL [14]. At present, limited data are available in the
literature regarding the prevalence of various autoantibodies
in HPRL. The aim of the current study was to compare the
prevalence of autoantibodies, the levels of cytokines, and
the distribution of B-cell subsets between women with
HPRL and healthy controls.

Materials and methods
Patients and clinical information

Sera were obtained from 202 women with HPRL and 97
healthy women. Peripheral blood was obtained from 22
women with HPRL and 19 healthy women. Samples were
collected from female outpatients in the Department of
Reproduction, the Department of Endocrinology, the
Department of Head and Neck Surgery or the Center of
Health Examination from 2015 to 2018 at Changzheng

Hospital. HPRL was defined as a serum PRL level
>26.72 ng/ml. The healthy women were recruited from the
Center of Health Examination from 2015 to 2018, and age-
matched donors with normal examination results and nor-
mal PRL levels (<26.72 ng/ml) were selected. All patients
and controls underwent a full medical history and complete
physical examination. Women who were breastfeeding,
using oral contraceptives, undergoing menopause and those
who were pregnant were excluded from the study. Women
on medications or with a clear diagnosis of renal or liver
failure, hypothyroidism, chronic inflammatory diseases or
autoimmune disease were also not included. Written
informed consent was obtained from each individual in
agreement with the Declaration of Helsinki. The study was
reviewed and approved by the Medical Ethics Committee of
Shanghai Changzheng Hospital, Second Military Medical
University.

Laboratory analyses

Venous blood samples were drawn between 8 am and 9 am,
whereas the participants were fasting. PRL was detected by
the Department of Laboratory Diagnosis, Shanghai
Changzheng Hospital on a DXI 800 analyser (Beckman
Coulter Inc., USA).

All sera were screened by ANA Screen ELISA
(EUROIMMUN, Liibeck, Germany), which can detect the
presence of autoantibodies against 10 different antigens,
including double-stranded DNA (dsDNA), histones, ribo-
some ribonucleoprotein (rRNP), Smith (Sm), nuclear ribo-
nucleoprotein (nRNP), SSA, SSB, Scl-70, Jo-1 and
centromere B (CENP-B). The sera those were positive for
anti-nuclear antibody (ANA) were then confirmed for the
specific types by a Euroline ANA profile test (EURO-
IMMUN, Liibeck, Germany). Anticardiolipins (ACL) were
measured by immunoassay using an ACL ELISA (IgA/G/
M), (EUROIMMUN, Liibeck, Germany). Rheumatoid fac-
tor (RF), immunoglobulin (Ig), complement 3 (C3), com-
plement 4 (C4) were detected by the Department of
Laboratory Diagnosis, Shanghai Changhai Hospital on an
IMMAGE 800 analyser (Beckman Coulter Inc., USA). The
serum levels of interleukin 4 (IL-4) and interleukin 6 (IL-6)
were measured by immunoassay using commercial Kkits
from R&D (Minneapolis, MN, USA).

Flow cytometry

Peripheral blood mononuclear cells (PBMCs) were isolated
from freshly collected blood samples using a Ficoll density
gradient. Cells were washed in Iscove’s Modified Dulbec-
co’s Medium supplemented with 5% foetal bovine serum
and incubated with Fc block (Biolegend) for 30 min at 4 °C.
After washing, cells were stained with APC-anti-human
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CD19 (HIB19, Biolegend), PE-anti-human IgD (IA6-2,
BD), PE-Cy7-anti-human CD38 (HIT2, Biolegend), PE-
Cy5.5-anti-human CD27 (M-T271, Biolegend), BV421-
anti-human IgM (G20-127, BD), BV605-anti-human CD10
(HI10a, Biolegend), and Fixable Viability Dye eFluor 520
(eBioscience). Fluorescence-activated cell sorting analysis
was performed using BD LSRFortessa, and results analysis
was performed with FlowJo Cytometric software (Tree Star,
Inc.).

Statistical analyses

Comparisons between women with HPRL and healthy
women were performed using the Mann—Whitney U test.
Relationships were calculated using Spearman’s correlation.
Fisher’s exact test was used to detect group differences in
the prevalence of autoantibodies. Data were analysed using
SPSS 16.0 software or GraphPad Prism 7. Values of p <
0.05 were considered indicative of statistical significance.

Results
General characteristics of participants

Sera from 202 women with HPRL and 97 healthy women
were collected in this study (Table 1); no significant dif-
ference in ages was found between the two groups (37.04 =
11.16 and 38.76 £ 13.09 years, respectively). The women
with HPRL had a significantly higher level of PRL (49.11 +
34.62 ng/ml) compared with healthy women (15.15=
6.73 ng/ml). The highest PRL level among the patients was
201 ng/ml. All 202 women with HPRL were pre-
menopausal. In this group, 50 of 202 (24.75%) women had
evidence of pituitary adenoma on computerised tomography
(CT) or magnetic resonance imaging evaluation. All of the
tumours had a diameter <10 mm. In the remaining 75.25%
of patients with HPRL, two had craniopharyngioma, three
had ovarian cysts, 14 had polycystic ovarian syndrome, and
133 had idiopathic HPRL. No allergic history was found in
their medical records. All patients had normal thyroid, liver
and renal function tests. None of the women were taking
drugs known to cause HPRL, and none of the women with
HPRL presented with symptoms or signs related to auto-
immune disorders.

Autoantibody profile in women with HPRL

Sera from the 202 women with HPRL and the 97 healthy
women were tested for the presence of ANA, RF and ACL
(Table 1). Of the 202 HPRL serum samples tested for the
presence of autoantibodies, 47 (23.27%) were found to be
positive for at least one autoantibody, whereas only 9
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Table 1 Demographic characteristics and laboratory parameters of 97
healthy women and 202 women with HPRL

Healthy Women with P value
women HPRL
No. of subjects 97 202
Age (years) 38.76 £13.09 37.04+11.16 0.4621
PRL (ng/ml) 15.15+6.73 49.11 +34.62 <0.0001
1gG (g/) 13.61 +2.47 13.34 +2.86 0.0624
IgM (g/1) 1.49+0.59 1.48 £059 0.7664
C3 (g/) 1.09£0.28 1.03x0.15 0.0863
C4 (g 0.236 £0.084 0.225+0.071 0.3538
IL-4 OD 0.056+£0.049 0.155+0.110 <0.0001
IL-6 OD 0.053+0.111  0.171+£0.197 <0.0001
RF positive 8 (8.25%) 36 (17.82%) 0.036
ANA positive 1 (1.03%) 15 (7.43%) 0.021
ACL positive 0 (0%) 1 (0.50%) 1
> 1 autoantibody 9 (9.28%) 47 (23.27%) <0.001

positive

PRL: prolactin; IgG: immunoglobulin G; IgM: immunoglobulin M;
C3: complement 3; C4: complement 4; RF: rheumatoid factor; ANA:
anti-nuclear antibody; ACL: anticardiolipin

Data are presented as the means = SDs. P values were determined by
the two-tailed Mann—Whitney test for continuous data and by Fisher’s
exact test for count data

(9.28%) samples from healthy women were found to be
positive (p < 0.001). The autoantibody profile distribution in
women with HPRL is shown in Table 2. Notably, the most
frequently detected autoantibodies in HPRL women were
RF (17.82%), SSA (5.45%), Ro-52 (3.47%), nRNP/Sm
(3.47%) and CENP-B (1.98%) (Fig. 1). Surprisingly,
among the HPRL women who were autoantibody positive,
78.72% (37/47) of them had a PRL level between 26.72 and
50 ng/ml, and 13 of the 15 ANA-positive women (86.67%)
had a PRL level between 26.72 and 50 ng/ml. The mean
level of PRL in HPRL women who were ANA-positive was
41.13 £2.62 ng/ml (35.51-46.75, 95% CI). Therefore, we
divided women with HPRL into two groups: a group
showing a mild increase with PRL levels between 26.72 and
50 ng/ml, and one exhibiting a moderate-to-severe increase
with PRL levels over 50ng/ml. However, the results
showed that the autoantibody-positive rate in the group with
a mild increase in PRL was not significantly higher than that
in the group with a moderate-to-severe increase (23.9% vs.
21.3%, p =0.712).

Immune indexes in women with HPRL

To further investigate the clinical index for autoimmune
diseases, the levels of IgG, IgM, C3, C4, IL-4 and IL-6 were
tested (Fig. 2a). Interestingly, the levels of IL-4 (OD:
0.155+0.110 vs 0.056 £0.049, p <0.0001) and IL-6 (OD:
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Table 2 Distribution of autoantibodies in women with HPRL Autoantibody distribution
No. PRL (ng/ml) ANA panel RF 123: 17.82 B HC W HPRL
1 36.02 SSA+ Ro-52++ - ol
2 40.08 SSA++ SSB+ nRNP/Sm+ + =]
3 71.03 - + 8 5%
4 30.90 Ro-52+4 SSA+ - 6 5.45
4 4 3.47 3.47

5 60.27 - + 24 1.03, 1.03 198 149 149 149 (g9 090  os0
6 34.76 - + o : ] . . ] . . :

_ C X & o 2P @ P F O
9 57.05 - + N
10 35.17 SSA+ _ Fig. 1 Distribution of autoantibodies in women with HPRL and
1 32.29 Ro-52+++ SSA+++ SSB+ _ healthy women. The numbers represent the positivity rate of each
12 33.90 _ 4 autoantibody in each group. RF: rheumatoid factor; nRNP/SM: ribo-
13 30.81 B " nu.cleoprotein/Smith; CENP-B: centromere B; AMI.A M2.: Tn%tochon—
14 35.32 B N drial M2; dsDNA: double-stranded DNA; ACL: anticardiolipin
15 11522 - +
16 4152 - +
7 2809 ~ N le?/els of IgG, IgM, C3 and C4 were found between women
18 3643 CENP-B-+ SSB+ Ro-524+++ SSA4L+ nRNP/  — with HPRL and healthy women. Furthermore, the correla-

Sm+ tions between IgG, IgM, C3, C4, IL-4 and IL-6 levels and
19 113.03 - + the level of PRL were analysed. Interestingly, IgG, IgM, C3
20 4131 - + and C4 did not show a correlation with the PRL level;
; :g:ii /jMA M2 CENP-B-+++ nRNP/Sm- ; h(?wever, significant positive corre.lations of IL-4 and IL-6
23 60.14 nRNP/Sm+ Histone+ Nucleosome+ dsDNA+ - with PRL levels were observed (Flg' 2b)
24 3530 - T
25 4554 _ i B-cell subset distribution in women with HPRL
26 30.57 - +
27 4253 - + To verify whether the distribution of B-cell subsets was
28 2940 SSA++ nRNP/Sm+ - different between women with HPRL and healthy women,
29 2890 SSA+++ SSB+Ro-52+++ nRNP/Sm ~ 22 additional women with HPRL and 19 healthy controls
30 46.94 SSA+ - . .
3 2865 - N were recruited for flow cytometry analysis. The percen-
2 4390 _ N tages of transitional (CD197CD27 IgD"CD10~, Tr),
33 6835 _ " naive IgD'IgM~ (CD197CD27 IgD'IgM~, Byp),
34 2724 - + unswitched memory (CD197CD27%IgD ", UM), switched
35 8284 - + memory (CD197CD277IgD~, SM) and antibody-
36 43.62 - + secreting (CD19"IgD CD27t7CD38"", ASC) B cells
372953 - + among the total B cells were measured by flow cytometry.
33 1;‘;?3 : 1 The gating strategy is shown in Fig. 3a. Byp (14.05 %
0 42.09 B N 1.65% vs 2.63 +£0.30%, p <0.0001), ASC (2.59+0.33%
41 38.93 _ 4 vs 1.28 +£0.22%, p =0.007) and UM (16.83 +1.48% vs
42 47.46 _ + 10.15+1.00%, p = 0.004) B cells in HPRL women were
43 4864 -8 + significantly increased compared to those in healthy
44 42.02 AMA M2++ CENP-B+++ - women (Flg 3b).
45 50.00 Ro-52+++ SSA+++ nRNP/Sm+ +
46 48.14 Histone + CENP-B+++ +
47 60.17 AMA M2+ rRNP++ Histone ++ Nucleosome+  +

+ dsDNA-++-+ Ro-52+4+ SSA++

ANA: anti-nuclear antibody; ACL: anticardiolipin; dsDNA: double-
stranded DNA; AMA M2: mitochondrial M2; CENP-B: centromere B;
nRNP/SM: ribonucleoprotein/Smith; RF: rheumatoid factor

0.171+£0.197 vs 0.053x0.111, p<0.0001) were sig-
nificantly higher in the sera of women with HPRL than in
healthy women. However, no significant differences in the

Discussion

The immune and neuroendocrine systems are intimately
linked and involved in bidirectional communication [15].
Furthermore, a complete regulatory loop between the
immune and neuroendocrine systems has been postulated
[15, 16]. To clarify the possible role of PRL in humoural
immunity in HPRL women, we detected various auto-
antibodies, IgG, IgM, complements, cytokines and B-cell
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Fig. 2 Immune index assays in women with HPRL and healthy
women. a Levels of immunoglobulin G (IgG), immunoglobulin M
(IgM), complement 3 (C3), complement 4 (C4), IL-4 and IL-6 com-
pared between women with HPRL (n = 202) and healthy women (n =

subset distributions in women with HPRL and healthy

women.
Our results showed that 23.27% of women with HPRL
present with at least one autoantibody, which was

@ Springer

97). The data shown are the means + SDs. P values were determined
using the two-tailed Mann—Whitney test. b Correlation between con-
centration of prolactin and immune indexes (HPRL n =202; HC n =
97). P values were calculated with Spearman’s correlation

significantly higher than the percentage of healthy women.
However, this prevalence of autoantibodies in HPRL is
relatively lower than that reported in earlier published stu-
dies. Buskila reported that 25 of 33 (75.7%) HPRL women
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The data shown are the means+ SEMs. P values were determined
using the two-tailed Mann—Whitney test
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were found to have at least one autoantibody, while none of
the 19 women with normal PRL had any [12]. Krause
studied anti-endothelial cell antibodies in the sera of 25
HPRL women and found that 76% of the participants were
positive for these autoantibodies [13]. One possible expla-
nation for the discrepancy was that we did not detect thyroid
autoantibodies and had ruled out patients with known
hypothyroidism. Autoimmune thyroid disease (Hashimoto’s
thyroiditis) was the most common autoimmune disease
associated with HPRL. Unlike most of the published studies
focused on thyroid autoantibodies, our study aimed to
reveal the association of HPRL with rheumatic disease
related autoantibodies. In addition, genetic, methodological
or other factors could also contribute to the disparity.

Knowing whether the autoantibody-positive rate could
vary with different levels of PRL is of considerable interest.
A previous study showed that in vitro, the physiological
concentration of PRL (20 ng/ml) induced IgG production in
PBMCs more effectively than PRL at 100 ng/ml. These
results indicated a potential role for mild HPRL in influ-
encing IgG production [17]. However, in our study, the IgG
level in women with HPRL was not significantly different
from that in healthy women. In addition, no significant
difference in the autoantibody-positive rate was found
between the PRL mild increase group and the PRL
moderate-to-severe increase group. However, the factors
affecting the production of antibodies were much more
complex in vivo than in vitro.

Although a high prevalence of serum autoantibodies was
found, none of the HPRL patients presented with clinical
manifestations of autoimmunity. Some studies have shown
that the responsiveness of the immune system to PRL is
genetically determined. PRL was demonstrated to enhance
the in vitro production of IgG in PBMCs from patients with
SLE but not in those from healthy controls [17]. Treatment
of transgenic female BALB/c mice with PRL for 4 weeks
induced a lupus-like phenotype with elevated serum anti-
DNA antibody titres but this finding was not observed in
C57BL/6 mice [18]. These data could help explain why no
correlation was found between PRL and IgG, IgM, C3 or
C4. A recent meta-analysis demonstrated that the PRL
—1149 G/T polymorphism was associated with suscept-
ibility to RA, but not SLE, in Caucasians [19]. In line with
these findings, our results showed that RF was the most
prevalent autoantibody in HPRL women.

The association between PRL and cytokines has been
suggested in animal studies. Furthermore, PRL has been
reported to increase the release of IL-4 in mouse spleno-
cytes and the mRNA expression of IL-6 in bovine thymic
stromal cells and murine spleen CD11c-positive dendritic
cells [20-22]. Moreover, increased levels of IL-4 and IL-6
were detected in the lungs of rats when HPRL was induced
[23]. PRL-R knockdown Jurkat cells showed decreased
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secretion of IL-4 and IL-2, supporting a mechanism invol-
ving the expression of inflammatory cytokines by the
autocrine pathway of PRL in lymphocytes [24]. A recent
clinical study, which included 102 patients with HPRL,
reported that the serum level of IL-4 was significantly
higher in patients with HPRL than in healthy controls [14].
Consistent with this study, our results provided evidence for
the association of HPRL and inflammatory cytokines (IL-4
and IL-6). Future studies are needed to clarify the possible
mechanism of PRL in autoimmune conditions via regula-
tion of specific cytokines.

The B-cell phenotype is considered an important auto-
immune marker. However, few studies of this have been
reported in HPRL human peripheral blood. In our study, the
observation of a high prevalence of autoantibodies and
increased cytokines in HPRL women indicated that their B-
cell subset distribution could also be altered. Antibody-
secreting cells are considered the main effector B cells in
humoural immunity. The expansion of antibody-secreting
cells has been described in autoimmune diseases such as
lupus flare [25], and rheumatoid arthritis [26]. Previous
studies of antibody-secreting cells identified anti-apoptotic
genes associated with increased PRL [27]. Moreover, IL-6,
a key cytokine in the differentiation of antibody-secreting
cells [28] was significantly elevated in women with HPRL
in our study. However, whether the increase in antibody-
secreting cells in women with HPRL was associated with
pathogenic autoantibodies remains unclear.

B-cell anergy represents a key mechanism of peripheral
immune tolerance in autoreactive B cells [29]. Persistently
elevated PRL was found to promote autoimmune responses
by decreasing the threshold for activation of anergic B cells.
In addition, in the presence of IL-4, the anergy of B cells
could be reversed and contribute to autoimmune patho-
genesis in patients with SLE [30]. A reduction in anergic B
cells (Byp) was recently reported in patients with Hashi-
moto disease [31] and type 1 diabetes [32]. However, in
contrast to these results, we observed that the Byp cells
were increased in women with HPRL. Notably, although a
high prevalence of serum autoantibodies was found in
women with HPRL, none of the women presented with
symptoms related to autoimmune disorders. The increase in
anergic B cells may represent a compensatory response in
effort to maintain immune homoeostasis. Similarly, a loss of
unswitched memory B cells is characteristic of rheumatic
diseases, as observed in SLE, pSS and RA [33]. However,
our data showed that HPRL women have more unswitched
memory B cells in their peripheral blood. The meaning of
the increase in unswitched memory B cells in HPRL women
remains to be formally explored.

To our knowledge, the detection of autoantibodies in
women with HPRL in such a large cohort has not been
performed previously. However, our study had limitations.



Endocrine (2019) 64:648-656

655

Long-term follow-up of HPRL patients with high auto-
antibody titres should be performed to clarify whether these
patients are at high risk of developing symptomatic auto-
immune diseases. In addition, an abnormal distribution of
peripheral B-cell subsets was found in the relatively small
sample of women with HPRL in our study. Mechanistic
studies are needed to explore the possible role of PRL in B-
cell differentiation in HPRL in the future. In addition,
macroprolactin, which is actually PRL bound to IgG, can
lead to a falsely elevated PRL results [34]. However, the
gold standard test for diagnosing macroprolactin was not
performed in this study. Although a recent study showed
that macroprolactin may also have a lower biological
activity, no significant difference in autoimmune factors
was observed between macroprolactin and true HPRL [14].
Screening to identify macroprolactin is important to avoid
misdiagnosis of HPRL.

Conclusion

Our cross-sectional case—control study identified a higher
prevalence of autoantibodies (particularly, RF and ANA),
increased serum levels of cytokines (IL-4 and IL-6) and
elevated peripheral B-cell subset levels (Bynp cells,
antibody-secreting cells and unswitched memory B cells) in
women with HPRL compared with those in healthy women.
Although no autoimmune disease symptoms or signs were
presented in women with HPRL, the altered autoimmune
markers, especially the autoantibodies, indicated the exis-
tence of an autoimmune response in these women. Con-
sidering that many autoantibodies may be present a few
years before the onset of autoimmune disease, patients with
HPRL may require long-term follow-up, especially for
genetically predisposed individuals.

Acknowledgements We thank all participating subjects who provided
the blood samples and clinical information necessary for this study.
We thank Dr. Fei Ye from the Department of Endocrinology,
Changzheng Hospital, and Dr. Hu Peng from the Department of Head
and Neck Surgery, Changzheng Hospital, for clinical medical history
collection.

Funding This study was funded by the National Natural Science
Foundation of China (Grant 81430031, 81302578 and 81501401), the
Major State Basic Research Development Program of China (973
Program, 2014CB541800) and the Pujiang Rheumatologist Training
Program (SPROG201703).

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval All the recruited subjects who participated in the
study provided informed consent. The study was reviewed and

approved by the Medical Ethics Committee of Shanghai Changzheng
Hospital, Second Military Medical University.

Publisher’s note: Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

References

1. G. Zandman-Goddard, E. Peeva, Y. Shoenfeld, Gender and
autoimmunity. Autoimmun. Rev. 6(6), 366-372 (2007). https://
doi.org/10.1016/j.autrev.2006.10.001

2. E. Ortona, M. Pierdominici, A. Maselli, C. Veroni, F. Aloisi, Y.
Shoenfeld, Sex-based differences in autoimmune diseases. Ann.
Ist. Super. Sanita 52(2), 205-212 (2016). https://doi.org/10.4415/a
nn_16_02_12

3. LY. Yu-Lee, Prolactin modulation of immune and inflammatory
responses. Recent Prog. Horm. Res. 57, 435-455 (2002)

4. N. Ben-Jonathan, J.L. Mershon, D.L. Allen, R.W. Steinmetz,
Extrapituitary prolactin: distribution, regulation, functions, and
clinical aspects. Endocr. Rev. 17(6), 639-669 (1996). https://doi.
org/10.1210/edrv-17-6-639

5. G. Recalde, T. Moreno-Sosa, F. Yudica, C.A. Quintero, M.B.
Sanchez, G.A. Jahn, A.M. Kalergis, J.P. Mackern-Oberti, Con-
tribution of sex steroids and prolactin to the modulation of T and
B cells during autoimmunity. Autoimmun. Rev. 17(5), 504-512
(2018). https://doi.org/10.1016/j.autrev.2018.03.006

6. S. Shelly, M. Boaz, H. Orbach, Prolactin and autoimmunity.
Autoimmun. Rev. 11(6-7), A465-A470 (2012). https://doi.org/10.
1016/j.autrev.2011.11.009

7. V.V. Borba, G. Zandman-Goddard, Y. Shoenfeld, Prolactin and
autoimmunity. Front. Immunol. 9, 73 (2018). https://doi.org/10.
3389/fimmu.2018.00073

8. S. Melmed, F.F. Casanueva, A.R. Hoffman, D.L. Kleinberg, V.M.
Montori, J.A. Schlechte, J.A. Wass, Diagnosis and treatment of
hyperprolactinemia: an Endocrine Society clinical practice
guideline. J. Clin. Endocrinol. Metab. 96(2), 273-288 (2011).
https://doi.org/10.1210/jc.2010-1692

9. S.C. Dogansen, O.S. Selcukbiricik, B.E. Bilir, S. Yarman, The
higher incidence of autoimmune thyroid disease in prolactinomas
than in somatotrophinomas. Growth Horm. IGF Res. 29, 4549
(2016). https://doi.org/10.1016/j.ghir.2016.04.004

10. A. Elenkova, C.I. capital A, C.G. capital Ka, C. Natchev capital Ie,
R. Ivanova, C.R. capital Ka, S. Vandeva, D. Tcharaktchiev, S.
Zacharieva, Autoimmune hypothyroidism is three times more fre-
quent in female prolactinoma patients compared to healthy women:
data from a cross-sectional case-control study. Endocrine 57(3),
486-493 (2017). https://doi.org/10.1007/s12020-017-1372-8

11. Z.D. Hu, A.M. Deng, Autoantibodies in pre-clinical autoimmune
disease. Clin. Chim. Acta 437, 14-18 (2014). https://doi.org/10.
1016/j.cca.2014.06.015

12. D. Buskila, M. Berezin, H. Gur, H.C. Lin, I. Alosachie, J.W.
Terryberry, N. Barka, B. Shen, J.B. Peter, Y. Shoenfeld, Auto-
antibody profile in the sera of women with hyperprolactinemia. J.
Autoimmun. 8(3), 415424 (1995). https://doi.org/10.1006/jaut.
1995.0033

13. 1. Krause, Z. Blumenfeld, M. Malchinsky, S. Cohen, M. Blank, A.
Eldor, B. Weksler, K. Schweitzer, Y. Shoenfeld, Anti-endothelial
cell antibodies in the sera of hyperprolactinemic women. Lupus 7(6),
377-382 (1998). https://doi.org/10.1191/096120398678920316

14. Kalsi, A.K., Halder, A., Jain, M., Chaturvedi, P.K., Mathew, M.,
Sharma, J.B., Association of raised levels of IL-4 and anti-TPO
with hyperprolactinemia. Am. J. Reprod. Immunol., e13085
(2019). https://doi.org/10.1111/aji.13085

@ Springer


https://doi.org/10.1016/j.autrev.2006.10.001
https://doi.org/10.1016/j.autrev.2006.10.001
https://doi.org/10.4415/ann_16_02_12
https://doi.org/10.4415/ann_16_02_12
https://doi.org/10.1210/edrv-17-6-639
https://doi.org/10.1210/edrv-17-6-639
https://doi.org/10.1016/j.autrev.2018.03.006
https://doi.org/10.1016/j.autrev.2011.11.009
https://doi.org/10.1016/j.autrev.2011.11.009
https://doi.org/10.3389/fimmu.2018.00073
https://doi.org/10.3389/fimmu.2018.00073
https://doi.org/10.1210/jc.2010-1692
https://doi.org/10.1016/j.ghir.2016.04.004
https://doi.org/10.1007/s12020-017-1372-8
https://doi.org/10.1016/j.cca.2014.06.015
https://doi.org/10.1016/j.cca.2014.06.015
https://doi.org/10.1006/jaut.1995.0033
https://doi.org/10.1006/jaut.1995.0033
https://doi.org/10.1191/096120398678920316
https://doi.org/10.1111/aji.13085

656

Endocrine (2019) 64:648-656

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

M.W. Tang, S. Garcia, D.M. Gerlag, P.P. Tak, K.A. Reedquist,
Insight into the endocrine system and the immune system: a
review of the inflammatory role of prolactin in rheumatoid arthritis
and psoriatic arthritis. Front. Immunol. 8, 720 (2017). https://doi.
org/10.3389/fimmu.2017.00720

N.T. Ashley, G.E. Demas, Neuroendocrine-immune circuits,
phenotypes, and interactions. Horm. Behav. 87, 25-34 (2017).
https://doi.org/10.1016/j.yhbeh.2016.10.004

A.M. Jacobi, W. Rohde, H.D. Volk, T. Dorner, G.R. Burmester,
F. Hiepe, Prolactin enhances the in vitro production of IgG in
peripheral blood mononuclear cells from patients with systemic
lupus erythematosus but not from healthy controls. Ann. Rheum.
Dis. 60(3), 242-247 (2001)

E. Peeva, D. Michael, J. Cleary, J. Rice, X. Chen, B. Diamond,
Prolactin modulates the naive B cell repertoire. J. Clin. Invest. 111
(2), 275-283 (2003). https://doi.org/10.1172/jci16530

Y.H. Lee, S.C. Bae, G.G. Song, Meta-analysis of associations
between functional prolactin -1149 G/T polymorphism and sus-
ceptibility to rheumatoid arthritis and systemic lupus erythema-
tosus. Clin. Rheumatol. 34(4), 683-690 (2015). https://doi.org/10.
1007/s10067-015-2904-3

Y.H. Tseng, M.A. Kessler, L.A. Schuler, Regulation of interleukin
(IL)-lalpha, IL-1beta, and IL-6 expression by growth hormone
and prolactin in bovine thymic stromal cells. Mol. Cell Endocri-
nol. 128(1-2), 117-127 (1997)

P. Scarfogliero, M. Vitiello, M. Galdiero, F. Brancaccio, L. Som-
mese, Prolactin regulates IL-1 alpha, IFN-gamma and IL-4 release
from mouse splenocytes stimulated with some staphylococcal and
streptococcal toxins. New Microbiol. 19(4), 301-308 (1996)

L. Yang, Y. Hu, X. Li, J. Zhao, Y. Hou, Prolactin modulates the
functions of murine spleen CD11c-positive dendritic cells. Int.
Immunopharmacol. 6(9), 1478-1486 (2006). https://doi.org/10.
1016/j.intimp.2006.05.001

J.E. Ochoa-Amaya, E.K. Hamasato, C.N. Tobaruela, N. Queiroz-
Hazarbassanov, J.A. Anselmo Franci, J. Palermo-Neto, F.R.
Greiffo, A.A. de Britto, R.P. Vieira, A.P. Ligeiro de Oliveira, O.
Massoco Cde, L.F. Felicio Short-term hyperprolactinemia
decreases allergic inflammatory response of the lungs. Life. Sci.
142, 6675 (2015). https://doi.org/10.1016/j.1fs.2015.10.016

D. Xu, L. Lin, X. Lin, Z. Huang, Z. Lei, Immunoregulation of
autocrine prolactin: suppressing the expression of costimulatory
molecules and cytokines in T lymphocytes by prolactin receptor
knockdown. Cell Immunol. 263(1), 71-78 (2010). https://doi.org/
10.1016/j.cellimm.2010.02.018

C.M. Tipton, C.F. Fucile, J. Darce, A. Chida, T. Ichikawa, I
Gregoretti, S. Schieferl, J. Hom, S. Jenks, R.J. Feldman, R. Mehr,

@ Springer

26.

217.

28.

29.

30.

31.

32.

33.

34.

C. Wei, F.E. Lee, W.C. Cheung, A.F. Rosenberg, 1. Sanz, Diver-
sity, cellular origin and autoreactivity of antibody-secreting cell
population expansions in acute systemic lupus erythematosus. Nat.
Immunol. 16(7), 755-765 (2015). https://doi.org/10.1038/ni.3175
Germar, K., Fehres, C.M., Scherer, H.U., van Uden, N., Pollastro,
S., Yeremenko, N., Hansson, M., Kerkman, P.F., van der Voort,
E.ILH., Reed, E., Maassen, H., Kwakkenbos, M.J., Bakker, A.Q.,
Klareskog, L., Malmstrom, V., de Vries, N., Toes, REM,,
Lundberg, K., Spits, H., Baeten, D.L., Generation and character-
ization of anti-citrullinated protein antibody-producing B cell
clones from rheumatoid arthritis patients. Arthritis Rheumatol.
(2018). https://doi.org/10.1002/art.40739

A.R. Buckley, Prolactin, a lymphocyte growth and survival factor.
Lupus 10(10), 684-690 (2001). https://doi.org/10.1191/
096120301717164912

C.A. Hunter, S.A. Jones, IL-6 as a keystone cytokine in health and
disease. Nat. Immunol. 16(5), 448-457 (2015). https://doi.org/10.
1038/ni.3153

J.A. Duty, P. Szodoray, N.Y. Zheng, K.A. Koelsch, Q. Zhang, M.
Swiatkowski, M. Mathias, L. Garman, C. Helms, B. Nakken, K.
Smith, A.D. Farris, P.C. Wilson, Functional anergy in a sub-
population of naive B cells from healthy humans that express
autoreactive immunoglobulin receptors. J. Exp. Med. 206(1),
139-151 (2009). https://doi.org/10.1084/jem.20080611
Szodoray, P., Stanford, S.M., Molberg, O., Munthe, L.A., Bottini,
N., Nakken, B., T-helper signals restore B-cell receptor signaling
in autoreactive anergic B cells by upregulating CD45 phosphatase
activity. J. Allergy Clin. Immunol. (2016). https://doi.org/10.
1016/j.jaci.2016.01.035

Smith, M.J., Rihanek, M., Coleman, B.M., Gottlieb, P.A., Sar-
apura, V.D., Cambier, J.C., Activation of thyroid antigen-reactive
B cells in recent onset autoimmune thyroid disease patients. J.
Autoimmun. (2017). https://doi.org/10.1016/j.jaut.2017.12.001
Smith, M.J., Packard, T.A., O’Neill, S.K., Henry Dunand, C.J.,
Huang, M., Fitzgerald-Miller, L., Stowell, D., Hinman, R.M.,
Wilson, P.C., Gottlieb, P.A., Cambier, J.C., Loss of anergic B
cells in pre-diabetic and new onset T1D patients. Diabetes (2014).
https://doi.org/10.2337/db13-1798

C. Wei, S. Jenks, I. Sanz, Polychromatic flow cytometry in
evaluating rheumatic disease patients. Arthritis Res. Ther. 17, 46
(2015). https://doi.org/10.1186/s13075-015-0561-1

A. Shimatsu, N. Hattori, Macroprolactinemia: diagnostic, clinical,
and pathogenic significance. Clin. Dev. Immunol. 2012, 167132
(2012). https://doi.org/10.1155/2012/167132


https://doi.org/10.3389/fimmu.2017.00720
https://doi.org/10.3389/fimmu.2017.00720
https://doi.org/10.1016/j.yhbeh.2016.10.004
https://doi.org/10.1172/jci16530
https://doi.org/10.1007/s10067-015-2904-3
https://doi.org/10.1007/s10067-015-2904-3
https://doi.org/10.1016/j.intimp.2006.05.001
https://doi.org/10.1016/j.intimp.2006.05.001
https://doi.org/10.1016/j.lfs.2015.10.016
https://doi.org/10.1016/j.cellimm.2010.02.018
https://doi.org/10.1016/j.cellimm.2010.02.018
https://doi.org/10.1038/ni.3175
https://doi.org/10.1002/art.40739
https://doi.org/10.1191/096120301717164912
https://doi.org/10.1191/096120301717164912
https://doi.org/10.1038/ni.3153
https://doi.org/10.1038/ni.3153
https://doi.org/10.1084/jem.20080611
https://doi.org/10.1016/j.jaci.2016.01.035
https://doi.org/10.1016/j.jaci.2016.01.035
https://doi.org/10.1016/j.jaut.2017.12.001
https://doi.org/10.2337/db13-1798
https://doi.org/10.1186/s13075-015-0561-1
https://doi.org/10.1155/2012/167132

	Hyperprolactinemia is associated with a high prevalence of serum autoantibodies, high levels of inflammatory cytokines and an abnormal distribution of peripheral B-cell subsets
	Abstract
	Introduction
	Materials and methods
	Patients and clinical information
	Laboratory analyses
	Flow cytometry
	Statistical analyses

	Results
	General characteristics of participants
	Autoantibody profile in women with HPRL
	Immune indexes in women with HPRL
	B-cell subset distribution in women with HPRL

	Discussion
	Conclusion
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




