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Abstract

Background: Multiple sclerosis (MS) is an inflammatory demyelinating disorder that affects the central nervous
system (CNS) of females more than males. The objective of the current study was to assess serum level of prolactin
(PRL) and tumor necrosis factor alpha (TNFa) in patients with relapsing remitting multiple sclerosis (RRMS) and to
explore their role in disease activity.

Subjects and methods: Fifty females were included in this study, 40 patients with RRMS were evaluated during
relapse and remission and 10 age-matched healthy subjects who served as controls. All patients were subjected to
neurological evaluation including Expanded Disability Status Scale (EDSS), brain, and spine magnetic resonance
image (MRI); serum PRL and TNFa levels were measured for all patients (during relapse and remission) and controls.

Results: Median serum PRL level was significantly higher in MS patients during relapse than remission and control
subjects (P = 0.041). TNFa level was significantly higher in MS patients in relapse than remission (P = 0.026) as well
as the healthy controls (P = 0.001). The area under the receiver operating characteristic curve (AUROC) was analyzed
for prediction of MS relapse, AUROC of serum TNFa was 0.811 and that of serum PRL was 0.678. Both serum PRL
and TNFa were positively correlated in MS patients in relapse with each other (r = 0672, P < 0.001) and also with

age, EDSS, number of relapses, and MRI lesion number (P value = 0.001).

Conclusion: Elevated serum PRL and TNFa levels are associated with relapse in MS patients. Moreover, they are
positively correlated with EDSS, disease duration, and MRI lesion number.
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Introduction

Multiple sclerosis (MS) is a chronic autoimmune dis-
order of the central nervous system (CNS). Its etiology is
not completely known but evidences suggested a com-
plex interaction between genetic, environmental [1], and
hormonal factors [2]. MS affects females more than
males with ratio of 3:1 [3]. The Pregnancy in Multiple
Sclerosis (PRIMS) study showed that MS relapse rates
increase in the first 3 months postpartum [4], which is
thought to be driven by rapid drop of estrogen and pro-
gesterone levels and the elevated levels of hormones in-
volved in breastfeeding during that period [3].
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PRL is secreted by the anterior pituitary and extrapi-
tuitary tissues including T and B lymphocytes and pos-
sess both anti-inflammatory as well as pro-inflammatory
properties [5]. Human PRL gene is located on the short
arm of chromosome 6, near the HLADRBI1 region and
tumor necrosis factor alpha (TNF«) which are involved
in PRL gene expression [6].

The HLADRB1 and TNFa have been associated with
the MS pathogenesis, while the role of PRL has been con-
troversial. On one hand, PRL can have neuroprotective
benefits, while on the other hand, it is thought to have
pro-inflammatory effects that may exacerbate MS [7].

PRL is secreted by the anterior pituitary gland under
tonic dopaminergic hypothalamic inhibition. The cyto-
kines interleukin 1 (IL-1), interleukin 6 (IL-6), and
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interleukin 2 (IL-2) stimulate its secretion, while inter-
feron y (INFy) and endothelin-3 inhibit PRL release [8].

PRL has a key role in both innate and adaptive im-
munological responses, via regulating the development
of CD4- CD8- thymocytes into CD4+ CD8+ T cells [5].
Hyperprolactinemia intervenes with the development of
B cell tolerance through hampering B cell clonal deletion
and lessening the activation threshold of anergic B cells.
Also, PRL facilitates the development of antigen-
presenting cells expressing co-stimulatory molecules
CD40 and MHC class II [9].

The relationship between HLA-DRB1, TNFqa, and PRL
gene has been documented in females with autoimmune
disorders, suggesting their possible interaction in the
pathogenesis of these disorders. Evidences suggested that
TNFa can increase pituitary PRL release by stimulating
the hypothalamus specifically during disease activity [10].

TNFa can trigger both cell death or survival pathways
depending on the pathophysiological conditions. In MS,
it exerts a dual role on the linkage with its receptors ei-
ther tumor necrosis factor-alpha receptors 1 (TNFR1) or
2 (TNFR2). Its neurodegenerative effects are mediated
by TNEFR1, while TNFR2 mediates the neuroprotective
effects [11].

In this study, we aimed to assess the serum level of
PRL and TNFu« in patients with relapsing remitting MS
(RRMS) and to verify their role in disease activity.

Subjects and methods

This is a hospital-based prospective study carried out at
Neuropsychiatry Department, Tanta University Hospitals
throughout a 12-month period, started from June 2018.
The study protocol was approved by the ethical committee
in Tanta University, Egypt, under the code number (3226/
04/18) on April 2018. Participation was voluntary and all
contributors received detailed information about the aims
of this research work and an informed written consent was
obtained prior to the commencement of the study.

Forty female patients with RRMS aged from 20 to 45
years old fulfilling McDonald criteria of MS 2017 [12],
without a history of receiving disease-modifying therapy
in addition to 10 age-matched healthy females were in-
cluded in the study who served as a control group.

Patients with other autoimmune disorders, primary or
secondary progressive MS, breastfeeding patients, and
patients receiving medications that affect the hormonal
status (antipsychotics, antiemetic, or antidepressants)
were excluded from the study.

All patients were subjected to the following: history
taking (age, disease duration, number of relapse and full
past, and current medical history) general, neurological
examination, and assessment by Expanded Disability Sta-
tus Scale (EDSS) [13]. A relapse was defined as an in-
crease of two points in one or more Kurtzke Functional
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Systems, or an increase of one point in two or more KFS
(except changes in bowel or bladder function or cogni-
tion), in the absence of fever, lasting for at least 24 h,
preceded by at least 30 days of clinical stability or im-
provement. Remission considered on return to base line
score [14].

Magnetic resonance image (MRI) of the brain and
spinal cord were carried out for all patients using Mag-
netom Sempra 1.5 Tesla, Siemens, Germany, to detect
site, size, and number of MS plaques and to exclude
other structural lesions. The MRI examination included
axial T1-weighted sequences as well as T2-weighted dual
fast spin echo sequence and a FLAIR sequence. Axial
and coronal T1-weighted sequences were acquired 6 min
after intravenous injection of 0.1 mmol/kg gadolinium
chelate (Omniscan®).

Laboratory assessment

Serum levels of PRL and TNFa were measured for all
patients (during the relapse phase before steroid pulse
therapy administration, then during the remission phase)
and control subjects included in this study. Serum PRL
was estimated mainly during the follicular phase of the
menstrual cycle [15, 16]. This was performed at Unit of
Clinical Chemistry, Clinical Pathology Department,
Tanta University. Peripheral blood samples were col-
lected without anticoagulant. All of the samples were
immediately centrifuged at 3000 rpm for 15 min, and the
sera aliquots were stored in — 20 °C for TNF«a and PRL
estimation. Serum PRL level was measured by immuno-
fluorescence techniques on AIA 1800, Tosoh Bioscience,
Tokyo, Japan. TNFa level in the serum was estimated by
ELISA double antibody sandwich technique using BT
LAB, Shanghai Crystal Day Biotech CO., LTD. Shanghai,
China, Cat.no: EO082Hu. The assay was performed fol-
lowing the manufacturer’s instructions and the devel-
oped color was measured at 450 nm on a Tecan Spectra
II microplate reader (Switzerland). The results were cal-
culated from the standard curve. The sensitivity was
1.52 pg/ml, the intra-assay CV was < 10%, and the inter-
assay CV was < 12%.

Statistical analysis

The collected data were organized, tabulated, and statis-
tically analyzed by SPSS version 19, 2011 created by
IBM, Illinois, Chicago, USA. Parametric numerical data
were expressed as mean and standard deviation and
compared among the groups using ANOVA test and
Tukey post hoc test. Non-parametric data were
expressed as median and range and compared among
the studied groups using the Kruskal-Wallis test. The
performance characteristics of serum PRL and TNFa
were assessed by AUROC analysis and their optimal cut-
off was determined via Youden index. Serum PRL and
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TNFa were correlated with the studied parameter using
Pearson correlation. For all statistical tests done, the
threshold of significance was fixed at 5% level (P value),
i.e., when < 0.05 significant results are indicated.

Results

The mean age of the studied patients in years was 34.10
+ 7.18 and for controls was 34.90 + 6.51. There was no
statistically significant difference between patients and
controls regarding age (P = 0.920).The duration of ill-
ness in patient group was 6.20 *+ 3.63 years, while the
total number of relapses was 2.27 + 0.98, while the EDSS
was 2.62 + 1.59.

The median serum PRL level was significantly higher
in MS patients during relapse (12.5ng/ml) than those
during the remission periods (9.6 ng/ml) (P = 0.023).
There was no statistically significant difference between
patients in relapse and healthy controls regarding serum
PRL level (P = 0.792) (Table 1, Fig. 1).

There was a significantly high level of serum TNFa in
MS patients in relapse compared to MS patients in re-
mission (P = 0.026) as well as to healthy controls (P =
0.001). There was no statistically significant difference in
serum TNFa level between MS patients in remission
and healthy controls (P = 0.107) (Table 1, Fig. 2).

ROC curve analysis was performed and the perform-
ance characteristics of serum PRL and TNFa were pre-
sented in Fig. 3. Youden index was used to determine
the optimal cutoff value that achieves the highest sensi-
tivity and specificity. The AUROC of serum PRL was
0.647 and the optimal cutoff was > 10.0 ng/ml (sensitiv-
ity of 65.0% and specificity of 42.5%), whereas the
AUROC of TNFa was 0.645 and the optimal cutoff was
> 49.1 pg/ml (sensitivity of 55.0% and specificity of
52.5%) for differentiating the patients with MS relapse
from those with remission. For differentiating the pa-
tients with MS relapse from the healthy controls, the
AUROC of serum PRL was 0.678 and the optimal cutoff
was > 9.1 ng/ml (sensitivity of 85.0% and specificity of
45.5%), whereas the AUROC of TNFa was 0.811 and the
optimal cutoff was > 40.1 pg/ml (sensitivity of 80.0% and
specificity of 72.7%).

There was a significant positive correlation of serum
PRL with age (P = 0.049), number of relapses (P =
0.003), EDSS (P = 0.001), and MRI lesion number (P <
0.001) (Fig. 4a—e). Serum TNFa had a statistically signifi-
cant positive relation with age (P = 0.023), number of
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relapses (P = 0.023), EDSS (P = 0.025), and MRI lesion
number (P < 0.001) (Fig. 4f—j). A significant positive cor-
relation was found between serum PRL and TNFa in
MS patients in relapse (r = 0.672, P < 0.001) (Fig. 4k).

Discussion

PRL and TNFa were investigated in MS patient in order
to explore their possible role in the disease pathogenesis.
However, there was no clear conclusion regarding their
relation to disease activities [17-19]. Our study objective
was to assess PRL and TNFa serum levels in RRMS pa-
tients in addition to explore their potential role in MS
disease activity.

In the current study, patients with RRMS had elevated
median PRL levels during relapse period in comparison
to the remission period. For differentiating the patients
with MS relapse from those with remission and the
healthy controls, AUROCs of serum PRL were 0.647 and
0.678 respectively. Serum PRL had statistically significant
positive correlations with age, EDSS, MRI lesion num-
ber, and number of relapses in MS patients. Our results
were similar to the previous work of Belal and colleagues
[20] who reported no statistically significant difference
between patients with MS and healthy subjects regarding
PRL levels, and proposed that PRL levels have no rela-
tion with the phenotype of MS.

In our study, serum TNF« level was significantly ele-
vated in MS patients during relapse compared to remis-
sion state. On the other hand, there were no differences
between MS patients during the remission phase and
healthy female regarding serum TNF« level. For differ-
entiating the patients with MS relapse from those with
remission and the healthy controls, AUROCs of serum
TNFa were 0.645 and 0.811 respectively. Serum TNFa
had statistically significant positive correlations with age,
EDSS, MRI lesion number, and number of relapses in
MS patients in relapse. Both serum PRL and TNFa level
were correlated with each other. Our finding may give a
clue to the link between cytokines and PRL interaction.

Grinsted and colleagues’ previous research in 1989
[21] showed substantially elevated levels of PRLs in the
serum of 14 MS female patients compared to controls.
Similarly, Awerbuch and Sandyk [22] found elevated
serum PRL levels in patients with MS. Their work did
not confirm any correlation between serum PRL levels
and MS disease duration among their studied cohort.

Table 1 Comparison of serum PRL and TNFa among the studied groups

MS patients in relapse MS patients in remission Control subjects P value
Median serum PRL (ng/ml) 12.5 (54-39.9)° 96 (43-23.9) 1145 (41-24.0) 0.041*
Serum TNFa (mean + SD) (pg/ml) 59.77 + 21.27%° (286-102.7) 48.79 + 1455 (29.1-88.1) 37.87 + 1402 (21.6-62.3) 0.001*

Significant P value (MS patients in relapse vs MS patients in remission)

bSignificant P value (MS patients in relapse vs control subjects MS multiple sclerosis, PRL prolactin, TNFa tumor necrosis factor alpha)
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Fig. 1 Comparison of serum prolactin (PRL) level among the studied groups

An interesting study compared Asian and Western MS
patients revealed that serum PRL levels are significantly
elevated in Asian patients [23]. Another study found ele-
vated serum and cerebrospinal fluid PRL level in female
patients with RRMS, while male patients had normal
PRL levels [24]. This finding could be suggestive of a
sexually dimorphic response to CNS injury; also, it can
explain the high prevalence of MS in females and their
good prognosis relative to male patients. These two
studies show the racial and gender effect on PRL secre-
tion and its role in MS.

The dual role of PRL in MS immune pathogenesis was
further confirmed by two studies; the first one was done
by Correale and colleagues 2014 [25], who studied the
role of PRL in MS patients and its effect on B lympho-
cytes; they reported that PRL induces CD40 expression
in B cells and promotes B cell autoreactivity in MS. The
second one was conducted by De Giglio and colleagues
[16] who studied the relationship between PRL plasma
levels and brain damage; they concluded that PRL may
potentiate myelin repair. Another study by Gregg [26]
reported that PRL signaling plays a role in generation of
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Fig. 2 Comparison of serum tumor necrosis factor alpha (TNFa) level among the studied groups
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new oligodendrocytes in the maternal central nervous
system.

From a therapeutic perspective, the dual nature of this
hormone suggests great caution when trying to manipu-
late PRL levels in MS, as it has been postulated that in-
creasing systemic PRL levels improve remyelination and
neuronal survival in animal models of multiple sclerosis
(MS), but it has been suggested that this therapeutic strat-
egy may also increase inflammatory responses and poten-
tially harm patients [27]. TNF-a-targeting immune-
biologicals are extremely successful in treating a number
of immune-mediated diseases; however, clinical trials
using anti-TNF-a monoclonal antibodies as therapy in
MS patients resulted in disease exacerbation [28].

Finally, we need more extensive research to explore
the complex interactions of PRL, immune system, and
CNS autoimmune disorders.

Conclusion

Both serum PRL and TNFa level are significantly higher
in patients with RR MS during relapse than during re-
mission and positively correlated EDSS, MRI lesion
number, and number of relapses.

Recommendations

Further studies are needed to clarify the mechanisms be-
hind a possible role of PRL in MS and to explore the or-
chestrated interaction of PRL, immune system, and
CNS.

Limitations

The study is only on RRMS patients and only on females
at childbearing period and the limited number of pa-
tients. And limited number of control subjects as
recruiting healthy female and ask them for blood sample
at 8am during the follicular phase of their menstrual
cycle was very difficult. The long duration of disease
course in some patients without receiving DMT was due
to initial misdiagnosis.

Abbreviations
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