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Abstract
Multiple sclerosis (MS) is one of the most common neurological disorders, which affects
mainly women. MS causes neuronal lesions in the brain and spinal cord. Clinical studies
were focused on the type, morphology and evolution of MS lesions on conventional MRI.
The effect of sex hormones function on MS disease course and their relationship in preg-
nant women with MS is still unclear. The objective of this investigation was to show clin-
ical significance of sex hormones in a patient with relapsing-remitting MS (RRMS) (before
and during the pregnancy and after delivery) and their influence on disease course in a 10-
year longitudinal MRI study. Our findings point out that during  the long term remission
period (7 years) there was no change observed in the MRI findings and no evidence for dis-
ease progression which suggests the possible role not only of  the female sex hormones dur-
ing and after pregnancy, but also of  the conducted neuroprotective therapy.
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INTRODUCTION
Multiple sclerosis (MS) is a common demyelinating

disorder of the central nervous system (CNS) and is
considered to be multifactorial with an autoimmune
component. There is growing evidence suggesting that
hormones, including sex hormones, can affect and be
affected by the immune system. MS affects females
more than males. Higher levels of testosterone in men
may partially account for the fact that women with MS
outnumber men by 2-3 to 1. The levels of two impor-
tant female sex hormones (estrogen and progesterone)
are very high during pregnancy and that may suppress
immune activity to some degree.

Myelination, the process in which oligodendrocytes
coat CNS axons with a myelin sheath, represents an

important but poorly understood form of neural plas-
ticity that may be sexually dimorphic in the adult
CNS[1,2]. MS is characterized by intermittent or chron-
ic damage to the myelin sheaths, focal inflammation
and axonal degeneration. The present pharmacological
treatment of MS is limited to the administration of
immunomodulatory and anti-inflammatory drugs,
which are only palliative and do not significantly slow
down the disease progression. Agents that target differ-
ent cell types in the CNS, protect axonal networks and
stimulate the endogenous capacity of myelin repair are
of specific need. Estrogens and progestins may be the
basis for such a new therapeutic approach and could
help protect against myelin loss.  Both types of hor-
mones have been shown to promote the viability of
neurons and the formation of myelin[3].
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Sex hormones have major effects on brain and
spinal  neurons. The theory of  hormones influencing
inflammation and neuronal and glial function has been
slowly unraveled. There is increasing evidence that
estrogen, progesterone, and testosterone contain
immune responses and influence damage repair in the
nervous system. Hormones such as prolactin and vita-

min D, and more recently identified ones, such as lep-
tin and gherlin, may be used to modulate the immune
response and may also influence the course of MS[4].
The effect of female sex hormones is associated with
hormonal alteration on the disease process. Sex
steroids (particularly estrogen, androgen, and proges-
terone) also play an important role in neuroprotection
following brain injury both in vivo and in vitro [5]. The
role of male steroids in neuroprotection is less clear. 

Prolactin (PRL) is a neuroendocrine peptide with
potent immunomodulatory properties. Significantly
higher prolactin levels in serum and cerebrospinal fluid
(CSF) were found in female RRMS  patients, but not in
males. The elevated PRL levels could be the result of
an increased predisposition of females to synthesize
and release PRL [6].

Lately the importance to detect the hormonal
changes in pregnant women with MS has grown. It is
known that hormonal changes during pregnancy pro-
mote increased oligodendrocyte production in the
maternal CNS. Remission of MS during this process
led to hypothesize that remyelination is enhanced in
the brain  [1,2]. The researchers demonstrated that preg-

nant mice (animal model of MS) have an
enhanced ability to remyelinate white mat-
ter lesions. The hormone prolactin regu-
lates oligodendrocyte precursor prolifera-
tion and mimics the regenerative effects of
pregnancy. What’s unique about prolactin
is that it promotes the formation of new
oligodendrocytes – cells that produce
myelin. Gregg et al. [1,2] suggest that pro-
lactin may be used as a potential therapeu-
tic agent for MS. A hormone produced dur-
ing pregnancy could reverse some of the
neurological damage associated with MS.
This finding could help explain why
women with MS suffer fewer symptoms
during pregnancy. The authors suspected
that rising levels of the hormone prolactin
which promotes breast development and
milk production might cause protective
effect and might be used to treat people
with MS [7].

The roles of progesterone (Pg), an
immunomodulatory sex steroid, are poorly
understood. Pg’s immunomodulatory
effects differ from those of estrogens and
androgens. At pregnancy levels, Pg may
suppress disease activity in MS [8].

During late pregnancy (third trimester)
there is a decrease in MS disease activity
due to the protective effect of testosterone
[9].

MS causes neuronal lesions in the
brain and the spinal cord. Hence, conventional magnet-
ic resonance imaging (MRI) has played a unique role
in the diagnosis and management of patients with MS.
It is an established tool in the monitoring of disease
evolution. Current techniques have allowed in vivo
assessment of the heterogeneity of MS pathological
features in focal lesions and in normal appearing tis-
sues [10]. Calabrese et al. [11,12] assessed the occur-
rence, extent, and frequency of formation of cortical
lesions in patients with PPMS (primary progressive
multiple sclerosis), RRMS and SPMS (secondary pro-
gressive multiple sclerosis) and their relationship with
cortical atrophy and disability progression after a 2-
and 3-year longitudinal MRI study. They found that
cortical lesions are a frequent finding in PPMS. The
extent of such abnormalities is associated with the

Figure 1. 
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extent of cortical atrophy and clinical disability. In
patients with RRMS and SPMS such lesions accumu-
late over time and are associated with disability pro-
gression. The quantification of cortical lesions might
represent an additional useful non-clinical tool to mon-
itor MS evolution.

The aim of this investigation was to show clinical
significance of sex hormones in a patient with RRMS
and their influence on the disease course in a 10-year

longitudinal MRI study of brain and spinal cord
(before and during the pregnancy and after delivery).
Similar studies have not been performed so far. MRI
was designed to assess the frequency, extent, and rate
of cortical lesions formation in RRMS and their rela-
tionship with T2 lesion volume, white matter atrophy,
and disability.

MATERIALS AND METHODS
MRI was performed in a patient at age 28 (year

2002) with a confirmed clinical diagnosis of MS,
relapsing-remitting variant, satisfying McDonald MRI
criteria, with assigned level 1,5-2 Kurtzke Disability
Status and no contraindications for therapy with
Copaxon. She was found to be pregnant at age 34 (year
2007). From conception until delivery she had an inter-
ruption in her usual neuroprotective therapy, which

eventually was restarted 2 weeks postpartum with
Copaxon, Milgamma N and Nivalinå. From 2005 until
present (year 2012) the patient has been in remission.
Pre - and postnatal development of her child was nor-
mal. The study was conducted in compliance with the
principles of the Declaration of Helsinki 1964 and its
amendments (Tokyo 1975, Venice 1983, Hong Kong
1989).

RESULTS AND DISCUSSION
In the current investigation, clinical

studies were focused on the type, morphol-
ogy and evolution of MS lesions using con-
ventional MRI in a patient with RRMS
before pregnancy (Fig.1) and after delivery
(Fig.2).  

MRI results from a 10-year longitudi-
nal study

Year 2002: MRI brain and spinal cord
in axial and sagittal planes

Multiple, predominantly small hyperin-
tense foci in the brain white matter located
bilaterally periventricularly and subcortical-
ly towards the convexity, in the basal gan-
glia and capsula interna, in all parts of cor-
pus callosum, in the cerebellum, pons, cran-
iospinal junction and along the cervical
medulla spinalis. These changes are usually
seen in a demyelinating process such as MS
with cranial and spinal involvement with
corresponding clinical and immunologic
evidence (Fig.1).

Year 2005: Brain MRI in axial plane
and cervical spine in sagittal plane

Compared to previous MRI study from
2002 – no dynamic changes; no evidence of
disease progression based on “lesion load
on T2”.

Year 2009: MRI brain and spinal cord
in axial and sagittal planes with gadolinium con-
trast enhancement (0,1 mmol Gd/kg)

Compared to previous MRI findings from 2005 –
no evidence of disease progression based on “lesion
load on T2”. Intact blood-brain and blood-spinal fluid
barriers (Fig.2).

Year 2011: MRI brain: T2 imaging in axial and
sagittal planes, FLAIR axial and T1 sagittal planes

Subarachnoid  space and brain ventricles – normal.
Supra- and subtentorial  hyperintense foci documented
previously on T2 and FLAIR imaging from 2009 per-
sist. Hyperintense foci noted in cervical cord at C2
level. Pontocerebellar angles appear normal. Brain
ventricular system – normal shape, size and location.
No evidence of MRI findings progression compared to
MRI study from 2009 – cerebrospinal demyelinating
process.

Figure 2. 
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Apstrakt

Multiple skleroza (MS) je jedan od naj~e{}ih neuroloskih poreme}aja, koji uglavnom
poga|a `ene. MS uzrokuje pojavu lezija neurona u mozgu i ki~menoj mo`dini. Klini~ke
studije se fokusiraju na tipove, morfologiju i revolucije lezija vi|enih na slikama na kon-
vencionalnoj magnetnoj rezonanci (MR). Efekti polnih hormona na tok bolesti i njihov
odnos kod trudnih `ena sa MS je jo{ uvek nedovoljno jasan. Cilj ovog istra`ivanja je bio
da se poka`e klini~ki zna~aj polnih hormona kod bolesnice sa relapsno-remitentnom MS
(RRMS) (pre i za vreme trudno}e i posle poro|aja) i njihov uticaj u 10-godi{njoj longitu-
dinalnoj studiji u kojoj je kori{}ena MR. Na{a istra`ivanja pokazuju da tokom du`eg peri-
oda remisije (7 godina) nisu uo~ene promene na MR i nije bilo znakova progresije bolesti,
{to ukazuje na mogu}u ulogu ne samo `enskih polnih hormona za vreme i nakon trudno}e,
ve} i sprovedene neuroprotektivne terapije. 
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The fact that there is no progression on MRI imag-
ing findings from 2005 until 2012 based on brain “T2
lesion load” suggests the protective role not only of the
conducted therapy until pregnancy onset, but also of
the female sex hormones during pregnancy. Our
assumptions coincide  with those by Paavilainen et al.
[13] who report that the relapse frequency of MS
decreases during pregnancy.

Moreover, our previous findings of significantly
elevated titers of serum IgM antibodies to GM1 and
GD1a gangliosides of the same patient before pregnan-
cy suggest immune-mediated demyelination and neu-

rodegeneration as an underlying pathogenetic mecha-
nism in MS.  Unchanged IgM antiganglioside antibod-
ies titers during long-term postpartum disease period
(in comparison with healthy subjects) support the con-
cept of possible beneficial effect of pregnancy on dis-
ease progression [14,15] .


