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ABSTRACT

Introduction: Prolactin has been discussed as a factor likely to play a
mediating role in multiple sclerosis (MS). Our aim was to investigate the
possible association between prolactin production and clinical features
of autoimmune demyelinating central nervous system disorders.

Methods: Serum prolactin levels of 255 MS patients, |9 neuromyelitis
optica (NMO) patients, |5 clinically isolated syndrome (CIS) patients,
and 240 healthy controls were measured by a heterogeneous
sandwich magnetic separation assay.

Results: MS and NMO cohorts had a significantly higher number of
patients with hyperprolactinemia than healthy controls. Sera obtained
during attacks of both MS and NMO patients displayed higher

prolactin levels than those collected during remission. Prolactin level
elevations were found to be more prominent in myelitis attacks in MS.
No significant correlation was found between prolactin levels and age,
disease duration, disability status, number of attacks, and oligoclonal
band positivity. CIS patients who converted to MS had higher prolactin
levels than those who did not.

Conclusion: Our findings support the possible mediating role of
prolactin in the immunopathogenesis of MS, NMO, and conversion
from CIS to MS.

Keywords: Prolactin, multiple sclerosis, neuromyelitis optica, clinically
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INTRODUCTION

Multiple sclerosis (MS) is a demyelinating disease of the central nervous system (CNS) with abnormal immune regulation and activated im-
mune cells in the brain and peripheral blood. The etiology of MS and the factors triggering and mediating the immune response in this disease
are still under examination. Previously, the dysregulation of prolactin production has been discussed as a factor likely to play a mediating role in
autoimmune diseases (). Prolactin is synthesized and secreted by the anterior pituitary gland. Peripheral prolactin, the so-called immune re-
active prolactin or lymphocyte prolactin, is produced and secreted locally by lymphocytes (2). Prolactin has potent immunomodulating prop-
erties and is structurally related to members of the cytokine family. Cytokines IL-1, IL-2, and IL-6 stimulate prolactin production, while IFN-y
inhibits prolactin production. Prolactin plays a major role in T-cell development and influences the proliferation of pre-activated T-cells (3,4).
Alterations in prolactin production have been described in systemic lupus erythematosus, Reiter's syndrome, juvenile and adult rheumatoid
arthritis, autoimmune thyroiditis, and autoimmune uveitis (3,5). Increased plasma levels of prolactin have also been described in MS patients
(6,7), and increased prolactin production has been associated with an optico-spinal disease variant called Asian-type MS (8), suggesting that
hyperprolactinemia is involved in the pathogenesis of autoimmune demyelinating diseases of the brain.

To investigate the association of prolactin levels with clinical features of MS and neuromyelitis optica (NMO), two major autoimmune demye-
linating disorders, and to delineate whether prolactin levels can be used to predict conversion from CIS to MS, we conducted prolactin-level
measurements in consecutive MS, NMO, and CIS patients with or without conversion to MS.

METHODS

Subjects

A total of 255 consecutive patients with definite clinical relapse remitting MS, as per relevant diagnostic criteria (9), 19 consecutive NMO
patients fulfilling the revised diagnostic criteria (10), 15 CIS patients with a minimum follow-up period of 5 years (mean+standard deviation,
range; 6.9£1.6; 5-9 years), and 240 healthy control subjects were enrolled. CIS was diagnosed as indicated by relevant diagnostic criteria (9).
Since it may take several years for CIS to convert to MS, a minimum follow-up rule was applied for all potential MS patients to complete their
conversion from CIS to MS. We compared prolactin levels between CIS patients who converted to clinically definite MS (CIS-MS+) and
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those who did not (CIS-MS—). Six of 15 CIS patients developed clinically
definite MS in a follow-up period of 2-5 years. There were no significant
differences between groups by means of demographic features (Table ).

In the MS cohort, attacks were clinically classified as brainstem, motor and/
or sensorial, optic neuritis, myelitis, or polysymptomatic attacks; where-
as in the NMO cohort, attacks were classified as optic neuritis or myeli-
tis attacks. All female subjects were premenopausal, non-menstruating,
non-lactating, and non-pregnant between the ages of 20 to 46. Patients
with potential causes of prolactin level alteration, such as thyroid or pitu-
itary gland disorders, other accompanying autoimmune disorders, liver or
kidney disease, and major psychiatric disorders, were excluded. All sub-
jects gave informed consent, which was approved by the local medical
research ethics committee.

Disability was assessed using the Expanded Disability Status Scale (EDSS)
in all patients. Magnetic resonance imaging (MRI) studies were performed
in patients with attacks and hyperprolactinemia to rule out hypothala-
mo-pituitary axis involvement using the same 3-T scanner.

In MS and NMO cohorts, sera were obtained during either attack or re-
mission periods, whereas all CIS sera were obtained during the attack
period. All sera were immediately centrifuged and stored in aliquots at
—70°C. During blood sampling, 12 patients in the NMO group and 242
patients in the MS group were under azathioprine and disease modify-
ing drug treatment (interferon-beta or glatiramer acetate), respectively.
None of the patients were receiving steroid treatments during blood sam-
pling. In the sera of NMO patients, antibodies to the extracellular region
of aquaporin-4 (Agp-4) were measured by a cell-based assay kit utilizing
human embryonal kidney cells transfected with Agp-4 (Euroimmun, Lu-
ebeck, Germany).

Serum Prolactin Assays

Serum prolactin level was measured by a heterogeneous sandwich mag-
netic separation assay (Beckman Coulter, CA, USA) as per the manufac-
turer's recommendations. Results were calculated with a standard curve.
Normal ranges were 2.6-13.1 ng/mL in males and 2.7-26.7 ng/mL in fe-
males.

Statistical Analysis

Fisher's exact test was used for comparison of incidences whereas all oth-
er parameters were compared with a non-parametric Mann-Whitney U
or Kruskal-Wallis and post-hoc Dunn tests due to the abnormal distribu-
tion of data. Spearman’s test was performed to seek a possible correlation
between prolactin levels and clinical-demographic features of the patients.
The statistical significance level was established at p<0.05.

RESULTS

Increased Serum Prolactin Levels in MS and NMO Patients

MS, NMO, and CIS groups had higher mean serum prolactin levels than
healthy controls (p<0.001 by Kruskal-Wallis test). However, the post-hoc
Dunn test yielded significant differences for only MS and NMO groups
(p<0.001 and p<0.05, respectively). When the percentages of patients
with prolactin levels higher than the normal range were compared with
Fisher's exact test, MS (p<0.001), NMO (p<0.001), and CIS (p<0.001)
groups showed significantly higher hyperprolactinemia incidences than
healthy controls. There were no significant differences between MS,
NMO, and CIS groups. Moreover, CIS-MS+ patients (n=6, 31.2+14.5 ng/
mL) had significantly higher prolactin levels than CIS-MS— patients (n=9,
16.7£9.7 ng/mL) (p=0.03 by Mann-Whitney U). Five of 6 CIS-MS+ pa-

Arch Neuropsychiatry 2016; 53: 353-356

Table I. Demographic characteristics and prolactin values of the study
population

MS NMO cis HC
(n=255) | (n=19) | (n=15) @ (n=240)
Age (mean+SD, range) |38.1+107 | 41396 | 354+8.1 (372105
(20-46) | (23-42) | (21-39) | (20-44)
Sex (FM) 174/81 |5/4 /4 | 17268
Prolactin levels (ng/mL) | 247+132 | 2354114 205+13.5| 152457

(mean+SD, range) (94-664) | (66-855) | (29-574) | (46-24.7)

Cases with increased 97 (380%) | 8 (42.1%) | 8 (33.3%) | 21 (8.7%)

prolactin levels (n, %)

Number of attacks 4.8+2.1 53459 NA NA

(mean=£SD, range) (1-9) (1-14)

Disease duration (years) | 54+3.6 71457 NA NA

(mean=£SD, range) (1-14) (1-17)

EDSS (mean£SD, range)| 2.3+14 3318 | 1.4+05 NA
(1.0-60) | (1.0-70) | (1.0-20)

Pl (mean+£SD, range) 0.6+0.6 0.7+08 NA NA
0.1-24) | (02-30)

MS: multiple sclerosis; NMO: neuromyelitis optica; CIS: clinically isolated syndrome; HC: healthy
controls; F: female; M: male; SD: standard deviation; EDSS: expanded disease status scale; Pl:
progression index (disability score divided by the duration of MS in years); NA: not applicable

tients and 3 of 9 CIS-MS— patients had prolactin levels above the normal
range (p=0.1 18 by Fisher's exact test).

Impact of Clinical Features on Prolactin Levels

Sera were obtained during attacks in 75 of 255 MS and 8 of 19 NMO
patients. In both disease groups, prolactin levels in the attack sera were sig-
nificantly higher than those in the remission sera (Table 2). Prolactin levels
were above the normal range in 45/75 (60%) of MS attack sera and 6/9
(66.7%) of NMO attack sera. New enhancing lesions were detected in the
MRI of some relapsing MS and NMO patients with hyperprolactinemia,
but none of them were related to the hypothalamo-pituitary axis. There
were also no chronic lesions in the diencephalon and brainstem regions of
these patients. Based on predominant clinical features, MS patients’ attacks
were classified as brainstem (n=9), motor and/or sensorial (n=25), op-
tic neuritis (n=9), myelitis (n=12), and polysymptomatic (combination of
more than one attack type) (n=20) attacks. None of the polysymptomatic
patients showed myelitis findings. While MS patients with myelitis attacks
(n=12) displayed significantly higher prolactin levels than those without
myelitis findings (n=63) (p<0.00! by Mann-Whitney U test) (Table 2),
there were no significant prolactin level differences between patients with
other types of attacks (not shown). Similarly, NMO patients with optic
neuritis (n=2) and myelitis (n=8) attacks showed comparable prolactin
levels (p=0.305 by Mann-Whitney U test) (Table 2).

Female NMO and MS patients had higher prolactin levels than male pa-
tients, as expected. However, no difference could be found between oli-
goclonal band positive and negative MS and NMO patients and Agp-4
antibody positive and negative NMO patients (Table 2). Similarly, no sig-
nificant correlation was found between prolactin levels, age, number of
attacks, disease duration, EDSS, and progression index scores in MS and
NMO cohorts (R=0.041-0.136, p>0.05 for all tests).

DISCUSSION

Our results have confirmed the well-known association between pro-
lactin level changes and MS. We have also found elevated prolactin levels
in NMO and CIS patients for the first time, suggesting that altered pro-
lactin production is not exclusively seen in MS but in other autoimmune
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Table 2. Distribution of prolactin levels (ng/mL, meantstandard deviation)
according to demographic and clinical features of MS and NMO patients

MS (n=255) p
292+130vs. 151469 | <0.00!
3474105 vs. 206+11.9 | <0001

Female (n=174) vs. male (n=81)

Attack serum (n=75) vs. remission
serum (n=180)

Myelitis attack serum (n=12) vs. 483%10.1 vs. 322484 | <0.00|
non-myelitis attack serum (n=63)
Oligoclonal band positive (n=198) | 22.2+11.7 vs. 255+13.7 | 0.103
vs. negative (n=57)

NMO (n=19) )
Female (n=15) vs. male (n=4) 244£199vs. 11.8+47 | 0027
Attack serum (n=8) vs. remission | 33.7+23.3 vs. [3.0£5.6 | 0.020
serum (n=11)
ON attack serum (n=2) vs myelitis | 27.6£14.3 vs. 35.8£264 | 0.305
attack serum (n=6)
Oligoclonal band positive (n=5) 641128 vs. 23.6420.1 | 0.189
vs. negative (n=14)
Agp-4 Ab positive (n=10) vs. 2244235vs. 2101119 | 0438

negative (n=9)

ON: optic neuritis; Agp-4 Ab: aquaporin-4 antibody

demyelinating disorders as well. Although prolactin is primarily known as
a lactogenic hormone, it is also considered to be a potent immunomod-
ulator (1,2,3). Prolactin abnormalities have been observed in a number
of multi-organ diseases such as systemic lupus erythematosus, rheuma-
toid arthritis, systemic sclerosis, Sjdgren’s syndrome, and organ-specific
autoimmune diseases such as uveitis (5). Our findings further confirm
the notion that prolactin production is altered in autoimmune disorders
presumably as a universal immunomodulating or compensating mecha-
nism.

The findings of our study confirm previous studies that have found mild
to moderate hyperprolactinemia in MS cohorts (6,7,1 1) and other studies
that have not found an association between prolactin levels, oligoclonal
band status, or disease duration (12,13,14,15). However, the association
between disease activity and prolactin levels is more controversial and
many previous studies conducted with relatively smaller MS cohorts have
failed to show a correlation between prolactin levels and disease activity
(13,14,15). In contrast to these studies, we observed higher prolactin lev-
els in MS patients during relapse. In resemblance to our findings, prolactin
levels have been elevated during MS and optico-spinal MS attacks in two
separate Japanese cohorts (7,8). These conflicting results can be explained
with variations in patient inclusion criteria, subject size, treatment status,
and ethnogeographic features involved in the different MS studies.

Kira et al. (7) has demonstrated the presence of hypothalamic lesions in
MS patients. In this study, 4 of 8 patients with hyperprolactinemia were
determined to have diencephalo-hypothalamic lesions. Therefore, the au-
thors have speculated that hyperprolactinemia in these patients can be
explained by MS lesions affecting the hypothalamus that interfere with
release of the prolactin inhibitory factor dopamine (7). However, we failed
to find any active or old lesions in the diencephalon, hypothalamus, or
brainstem regions of MS and NMO patients, indicating that hyperprolac-
tinemia observed during attacks is not necessarily a consequence of dis-
inhibition of prolactinergic neurons due to damaging of the dopaminergic
neurons.
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Notably, prolactin levels were found to be particularly elevated in the
myelitis attacks of MS patients as well as in patients with NMO (our
study) and optico-spinal MS (8), both of which predominantly affect spi-
nal cord functions. Elevated prolactin levels have also been observed in
other forms of spinal cord injury (16,17). The suckling stimulus from the
mechanoreceptors of the nipples is delivered to the spinal cord and then
projected to specific diencephalic nuclei, ultimately leading to increased
prolactin secretion (18). It is thus tempting to speculate that affliction of
these sensory pathways during autoimmune myelitis attacks might be dys-
regulating prolactin production mechanisms.

In parallel with a previous study, CIS patients did not show significantly
elevated prolactin levels as opposed to MS patients in our study (14).
However, prolactin production was significantly increased in CIS patients
that converted to MS in due course. CIS is characterized with a single
attack and objective clinical evidence for a single brain lesion. MS diagnosis
is established by the demonstration of new T2 and/or contrast enhancing
lesions, or a second clinical attack (9). Prediction of CIS patients that will
convert to MS, or that are at high risk for conversion to MS, is critical
for starting immunomodulating treatment methods as early as possible.
Prolactin levels might thus serve as potential predictors of MS conversion.
This assumption should be tested with further studies performed on larg-
er CIS cohorts.

Prolactin level elevations in MS and NMO attacks, especially the more
prominent elevations in myelitis attacks, support prolactin's possible
mediating role in the immunopathogenesis of autoimmune demyelin-
ating disorders. Prolactin level screening might be helpful in the differ-
ential diagnosis of pseudo-attacks and prediction of conversion from
CIS to MS.
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