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The Central Vein Sign Relationship to the
Blood-Brain Barrier in Multiple Sclerosis
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Department of neuroradiology, University of Aberdeen, UK

The translation of Multiple Sclerosis from its pathological origins to its imaging manifestations has been
researched extensively. We analyzed the literature surrounding the phenomenon of the central vein sign found
within white matter lesions in magnetic resonance imaging of Multiple Sclerosis patients. Additionally, we
linked the central vein sign with the blood-brain barrier integrity, found supporting evidence showing veins are
structurally and physiologically more susceptible to inflammation. Another contributing factor we related with this
radiological phenomenon is the vascular endothelium growth factor and interleukin-1. Finally, we reviewed the
vascular implications during demyelination to relate the radiological representation of the central vein sign on
magnetic resonance imaging with the pathogenesis of Multiple Sclerosis.

Introduction

Multiple Sclerosis (MS) is a neurodegenerative disease, causing chronic demyelination across
the whole Central Nervous System (CNS) [1]. Its prevalence varies geographically and the North
of Scotland, specifically the Orkney Islands have prevalence rates of 402:100000, the highest in the
world [2]. Until relatively recently, the diagnosis of MS required multiplicity in time and place of
characteristic neurological episodes, such as optic neuritis and transverse myelitis. An important
aspect in the diagnosis of MS is the use of Magnetic Resonance Imaging (MRI) to identify White
Matter Lesions (WML) in typical locations of the spinal cord and brain [3]. The McDonald criteria
first published in 2001 [4] included clinical and imaging criteria and the most recently published
criteria allow multiplicity in time and space to be demonstrated in a single gadolinium-enhanced
MRI examination [5]. Although MRI has been used as the main diagnostic tool for MS, the diagnosis
remains uncertain for up to 5-10% of patients [6], while another study has found MS misdiagnosis
is largely contributed to ‘non-specificc WML on MRI [7]. Improved specificity of imaging would
avoid such diagnostic uncertainty for clinicians and patients with MS. The Central Vein Sign (CVS)
has been described as the presence of a vein centrally in an MRI detected lesion [8]. Improved
diagnostic specificity has been reported when using CVS to distinguish patients with MS from other
diseases causing WML on MRI such as cerebrovascular disease and confirming clinical definitive
MS in those with a clinically isolated syndrome [8]. In this review article, we will evaluate previous
literature regarding the Blood-Brain Barrier (BBB) and other vascular components surrounding the
phenomenon of the CVS in MS. Furthermore, we will assess any research that could potentially link
the pathogenesis of MS with the CVS or the vascular components associated with this sign.

Classification of Main Types of Multiple Sclerosis and Symptoms

The course and prognosis of patients with MS has been categorized based on the progression of
the disease. There are four main classifications of MS to help identify the prognosis and treatment
plans available [9]. Primary progressive MS shows symptom progression from onset without any
remissions. In contrast, relapsing and remitting MS starts with an initial acute presentation, followed
by a partial or complete recovery at the same level before the attack. This type lacks progressions
between attacks of MS. Secondary progressive MS presents initially with a relapsing and remitting
course that changes to a progressive form of the disease. Clinically Isolated Syndrome (CIS) is the
first clinical presentation that potentially could be MS yet, there is not enough evidence present to
support dissemination in space and time, therefore to reach the diagnosis.

The clinical symptoms of patients with MS are as follows [10]:

« Vision: Double vision, painful eye movements, reduced or loss of vision in 1 eye, reduced color
vision.

« Cognitive and personality: Depression, anxiety, cognitive decline.
« Balance and mobility: falling, weakness, and difficulty walking.
o Muscular: Muscle spasms, stiffness, difficulty speaking and swallowing.

o Sensory: Pins and needles, pain.

(03I A CCESS

How to cite this article Georgiou |, Kastora SL and Murray AD. The Central Vein Sign
Relationship to the Blood-Brain Barrier in Multiple Sclerosis. SM J Neurol Disord Stroke.
2017; 3(1): 1015s1.


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

SMGr&up

Copyright © Georgiou |

o General: Sleep disorders, respiratory function reduced generalized
fatigue.

o Bladder and Bowel: Urinary and fecal incontinence.

o Uhthoff's phenomenon: Clinical presentation characterized as a
short acute manifestation of MS symptoms brought about with
exercise, infection, fever and psychological stress [11].

o Lhermitte’s syndrome: Short duration of an ‘electric shock’
starting from the cervical spine and traveling down to the lower
limb brought up when patients flex their necks [12].

While extensive research hasbeen madearound the understanding
of CVS, no correlation has been found between the number of CVS
within WML and the clinical phenotypes of MS [13]. Even more
intriguing is the fact that the number of WML on MRI could not
predict adequately long-term disability; however, the rate of volume
growth of WML had been correlated with disease progression [14].
This finding could potentially be linked to a prolonged BBB disruption
that allows constant migration of leucocytes, however, without any
research to support this idea, our suggestion remains a theory.

What is the Central Vein Sign?

The Central Vein Sign (CVS) is a manifestation seen within WML,
which are the imaging representations of MS plaques visualized on
MRI, and found in pathologies causing myelin degradation [15].
A consensus statement made by the North American Imaging in
Multiple Sclerosis Cooperative was made to define the CVS on MRI
[16] as illustrated in Table 1. The importance of the CVS is that it
could distinguish MS from other pathologies that cause WML [17]
and the CVS can be used to diagnose MS in those with CIS [16]. Figure
1 depicts the presentation of primary progressive MS and relapsing-
remitting MS and compares it to that of a migraine and ischemia on
3T Fluid Attenuation Inversion Recovery (FLAIR) images, which
clearly demonstrate a central vein within the WML [16].

Vascular aspect of MS and the Blood-Brain barrier

The location of plaques around central veins and not arteries
within the CNS is puzzling, even though the activation of the immune
response responsible for MS is initiated peripherally [18]. Based on
the physiology of blood circulation, the inflammatory response should
be peri-arterial rather than peri-venular. Therefore, the pathogenesis
of MS should be logically related to the blood-brain barrier and its
structural heterogeneity.

Experimental Allergic Encephalitis (EAE) has been an
established animal model of MS pathophysiology [19]. Gadolinium-

DTPA enhancement on MRI is an indicator of blood-brain barrier
breakdown and occurs during the active demyelinating stage of MS
[20]. Ultra-Small Particles of Iron Oxide (USPIO) contrast has also
been used to quantify macrophage-mediated inflammation [21]. In
a study, where researchers induced EAE in Lewis rats, blood-brain
barrier disruption displayed by the gadolinium-DTAP was greatest
during the first development of clinical signs from the rat samples,
while surprisingly no correlation was made between clinical signs and
cellular infiltrates represented by USPIO [22]. Evidence showing that
the BBB initial pathogenic factor related to clinical symptoms in EAE
rather than leucocytes migration [22] points towards an underlying
vascular component being involved in MS.

Histological patterns of demyelination have also been gathered.
Four histopathological patterns have been described thus far with
patterns I, II and IV all occurring around venules or small veins [23].
Pattern III, however, exhibited the distribution of demyelination
around inflamed vessels where myelin was still maintained thus no
central vein appeared histologically, yet this histological pattern was
only found present in pathogenesis lasting for a year or less [24]. Breij
etal hypothesized that pattern III could be the initial histopathological
presentation because in chronic MS plaques pattern IIT disappeared
[24]. Considering that, pattern III will evolve to patterns I, II and
IV which all have peri-venous extensions points again to a vascular
component that influences the demyelinating progression.

Functions and Components of Blood-Brain Barrier

The Blood - Brain Barrier (BBB) has a range of functions all
stemming from its ability to regulate molecular traffic from the
periphery to the CNS like; toxins, peripheral neurotransmitters, free
ions, preserves the health of neurons and restricts protein influx [25].
Regulation of entry of immunological components from the periphery
to restrict inflammation within the CNS is another important function
of the BBB [25]. The BBB consists of 3 layers as seen in figure 2A
starting with the innermost consisting of, continuous non-fenestrated
capillaries [26] containing endothelial cells with tight junctions and
pericytes (mural cells, colored green in figure 2A) around them. The
innermost layer is surrounded by a layer of the basal lamina and the
last layer consists of the end-feet of astrocytes, linking the BBB with
the neurons of the CNS [27].

Endothelial cells play a critical role within the BBB by forming
tight junctions and lacking transcellular pathways for vesicles to
pass through [28], providing a fence of protection to the CNS from
the peripheral circulation. The tight junctions close the intercellular
spaces with a variety of proteins which include Junctional Adhesion
molecules, Cadherins, Claudin and PECAM, Zonulae Occludens

Table 1: The suggested radiological criteria for the identification of a central vein in T2-weighted images [16].

A central vein showing has to show the following

Exclusion criteria for lesions

A thin hypo-intense line or small Hypo-intense dot

Lesion is <3mm in diameter in any plane

Seen in 22 perpendicular MRI planes, and appears as a thin line in 21 plane

Lesion merges with another lesion (confluent lesions)

Small apparent diameter (<2mm)

Lesion has multiple distinct veins

Runs partially or entirely through the lesion

Lesion is poorly visible (owing to motion or other MRI-related
artifacts)

Central position within lesion (that is, located approximately equidistant from the lesion’s edges and
passing through the edge at no more than two places), regardless of the lesion’s shape
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Relapsing-remitting MS

Primary progressive MS

Figure 1: Images from 3 T FLAIR (an imaging technique used by
radiographers called fluid attenuated inversion recovery with T2-weighte
MRI) indicating 4 transverse images with varying white matter plagues.
Relapsing-Remitting and Primary Progressive MS both show distribution
around a central vein, while Ischaemia and Migraine show no CVS within
their white matter plaques. On the right-hand side, there are another 4
images showing the axial and coronal orientation of the white matter plagues
in Primary progressive MS compared to Migraine [16].

(ZO-1, ZO-2 and ZO-3), all of which play a significant role in the
maintenance of the tight junction’s integrity [29], as seen in figure 2B.

Attached to a common basement membrane with the endothelial
cells are the pericytes, located on the abluminal surface of small
vessels. A range of functions has been exhibited by pericytes including;
angiogenesis during development, reinforce the stability of the blood-
brain barrier and potentially playing a role in aspects of the immune
responses of the CNS [30].

Astrocytes have end-feet processes attached on the BBB which
have been shown to influence the capillary endothelium. These
have been shown to have several influences on the BBB including;
homeostasis of water, ions, neurotransmitters and amino acids,
act as a mediator to neurological input between CNS neurons, the
endothelial cells and even the blood capillary size [27].

The basal lamina is composed of 3 layers, one containing laminin-1
and -2, the middle with collagen IV and the last one produced by
endothelial cells with laminin-4 and -5. All layers are made of
glycoproteins, proteoglycans and collagen. Dynamic regulators of
the BBB like the Matrix Metalloproteases and Tissue Inhibitor of
Metalloproteases are both located on the basal lamina [31].

Post-Capillary Venules Susceptibility to Inflammation

As previously explained, the histopathology and imaging have
revealed that the pathology is predominantly around veins. Reviewing
the literature around the susceptibility of veins to inflammation could
direct us to understand why the CVS is more prevalent in MS and
allow new ways of treating these patients.

The heterogeneity of the BBB’s structure was investigated using
TEER technique (Trans-Endothelial Electrical Resistance) - which

is used to quantify the integrity of tight junctions of the endothelial
monolayers [32] - to measure the normal electrical resistance of
the endothelial layer of rats during later stages of their lives. The
results have shown a significant difference between arterial electrical
resistance (1490 +/- 170 Qcm?) and venous electrical resistance (918
+/-136 Qcm?) in normality [33]. A similar experiment that took place
2 years later, measured the influence of histamine on the electrical
resistance on the BBB. The results showed an approximate 71%
decrease in electrical resistance in both arteries and veins within the
BBB with the arteriole electrical resistance dropping from 2000 to
500 Qcm?, while the venular electrical resistance dropped from 800
to 170 Qcm? [34], almost a third lower than the electrical resistance
of arterioles. At 170 Qcm? of electrical resistance, venules tend to
become leaky and display increased permeability to solutes with
larger molecular weight [33]. Even more interesting was the fact
that cimetidine a histamine receptor antagonist showed protective
capabilities against the effects of histamine on these vessels [34].

A physiological effect called shear stress is the frictional drag
created in the direction of blood flow while blood pressure exerts
a circumferential stress on vessels [35]. Based on the location and
type of vessel, the shear stress magnitude changes, for arteries shear
stress reaches 4-30 dynes cm?® while veins exhibit 1-4 dynes cm? [35].
Furthermore, shear stress interaction with the endothelial layer seems
to promote RNA levels of genes related to the tight junction formation
of; the Zonula Occludens 1 and 2, VE-cadherins and Claudin 3 and
5 [36], meaning that veins have weaker tight junctions compared
to arteries. Additionally, at high shear stress levels experienced by
arteries, capturing of neutrophils to the endothelial layer was nullified
compared to the low level exposed at venules [36]. The glutamate-
leucine-arginine (ELR) tripeptide CXC chemokine, a critical
regulator of leucocyte transmigration to tissues has been shown to be
activated in post-capillary venules because of low shear stress [37]. By
beginning to understand the locations where shear stress influences
veins/venules the most, within the cerebral circulation, we could
potentially predict and map the locations of newly developed white
matter plaques.

A multistep adhesion process of margination, tethering, rolling
and finally, transmigration of leucocytes occurs primarily in post-
capillary venules [38]. Transmigration of white blood cells from the
circulation to the CNS is crucial in the pathology of MS [39]. The
process starts with margination, which is caused by hemodynamic
forces creating a radial direction for leukocytes to move towards the
venular walls [38]. The rolling process of leukocytes has been linked
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Figure 2: (A) Represents the BBB with its different layers. (B) Closeup
image of the different constituents forming the endothelial tight junctions
[27].

Citation: Georgiou |, Kastora SL and Murray AD. The Central Vein Sign Relationship to the Blood-Brain

Barrier in Multiple Sclerosis. SM J Neurol Disord Stroke. 2017; 3(1): 1015s1.

=3



SMGr&up

Copyright © Georgiou |

with histamine, Interleukin-1 and a lectin-like molecule expressed
by activated leucocytes known as L-selectin [40]. Immunoglobulin-
like molecules known as intercellular and vascular cell adhesion
molecules-1, (ICAM-1and VCAM-1) are responsible for the adhesion
of incoming rolling leucocytes to the vascular endothelium [38].
The platelet and endothelial cell adhesion molecule 1 (PECAM-1)
is the molecule involved in the transport of leucocytes through the
endothelial cell layer [38]. The expression of cell adhesion molecules
previously mentioned are far more prevalent in venules compared to
arterial endothelium [38], prompting the idea that the CVS sign could
be linked to the pathogenesis of MS. During the active demyelinating
phase of MS when there is marked blood-brain barrier damage, the
serum levels of ICAM-1 [41], PECAM-1 [42] and L-selectin [43]
were higher for MS patients compared to the normal population.
With these evidence in hand, we can unite the CVS with the fact that
veins are more susceptible to inflammation as they promote leucocyte
transmigration, have higher levels of receptors which promote this
process and during the disease progression of MS the levels of some
of these important molecules are increased.

Interleukin-1 in post-capillary venules and in MS

Interleukin-1 (IL-1) isa member of the cytokine interleukin family
involved in the regulation of immune responses to inflammation and
infection [44]. Post-capillary venules across the CNS, brainstem, and
choroid plexus have been shown to have an increased expression
of type I IL-1 mRNA receptors within mouse brains [45]. These
locations are related to the dissemination in space specification, used
to diagnose patients with Multiple sclerosis (5) (with the exception of
the spinal cord which in Cunningham’s experiment only the cervical
regions 3 and 4 were examined [45]).

The receptor type I IL-1 mRNA has been shown to promote post-
capillary venular leakage when exposed to interleukin-1 because of
neutrophil activation and accumulation on the affected capillaries
[46]. Disease progression and severity of MS patients has been
associated with IL-1 loci polymorphisms [47]. Furthermore, IL-1
could potentially be a major component in the disease progression of
MS as peripheral mononuclear cells during the active demyelinating
stage in relapse-remitting patients produced significantly higher
levels of IL-1 compared to both the normal control population and
MS patients in their inactive stage of relapse-remitting course [48].

Another member of the Interleukin family, Interleukin-1p (IL-
1pB) has been linked with MS [29]. IL-1p increases BBB permeability,
as it has the potential of reducing the expression of tight junctions
of the endothelium and increasing the cerebral blood volume in rat
samples, a finding that is prominent in MS and could potentially be
linked to the appearance of CVS [49] (Read in Vascular Endothelial
Growth Factor and MS pathology section). Furthermore, IL-1p has
been shown to stimulate astrocytes to produce a molecule called
Vascular Endothelial Growth Factor (VEGF) which has been linked
with increased BBB leakage [50]. In another research, where EAE
was induced in rats, IL-1B was present in cerebral white matter
lesions, spinal cord, gray matter and cerebellum [51], all of which are
locations where MS pathology is exhibited [5]. More importantly,
IL-B was expressed mostly close to veins or ventricles [51], which
comes in conjunction with the presentation of the CVS. The levels
of IL-1p were also increased during active demyelination in the EAE
samples and have also been found to be raised in patients with MS
[51].

With further research, a solid relationship can be established
between the immunology interacting with the vascular aspect of the
CNS, which combined produce MS. We extrapolated based on the
literature that the IL-1 family is closely related to the inflammation
occurring in veins which are closely related to the areas where MS
attacks commonly. In addition, seeing a relationship between IL-1p
and VEGF, we could infer that this relationship could promote the
presence of CVS on MRL

Vascular Endothelial Growth Factor and MS pathology

Having in mind that the pathogenesis of MS could be
predominantly related to the breakdown of the BBB and its
endothelial layer, another potentially implicated molecule is the
Vascular Endothelial Growth Factor. VEGFinduces the formation of
new blood vessels during adulthood and promotes the development
of vessels during embryogenesis while specific VEGF receptors like
Vascular Endothelial Growth Factor Receptor 1 (VEGFR-1) facilitate
the upregulation of monocyte and macrophage migration [52].

Data of patients with CIS and active demyelinating stage of
relapsing-remitting MS revealed that there was an increased cerebral
blood volume when compared to the normal population [53]. VEGF
has receptors 1 and 2 (VEGFR-1 and VEGFR-2) which have been
shown to be expressed on leukocytes, microglia, astrocytes and
neurons, while increased expression of VEGF has been found in
the serum of MS patients during active demyelination and chronic
inactivated demyelinated lesions [54]. Even more intriguing is
the positive correlation between VEGF levels and the length of the
demyelinated lesion in the spinal cord of patients with MS [55].
Furthermore, VEGF expression has been linked with increased BBB
permeability in animal studies replicating the effects of stroke, where
VEGF in early stages of the pathology causes increased BBB leakage
while in later stages shows to improve neurological recovery [56].
Expression of VEGF within the brain was localized with specific
patterns on the choroid plexus and cerebellum while non-specific
patterns were exhibited in the brainstem and cerebral parenchyma
[57] and pathological relationship of demyelination was also related
to VEGF and the spinal cord. These findings are related to the
dissemination in space of the revised 2010 McDonald criteria [5]
which potentially could be related.

Here, we employed the STRING Protein Association Network
analysis online platform to enquire the putative VEGF and IL1
interaction as shown in Figure 3. Intriguingly, the association network
retrieved depicted the positive effect of IL1-B upon VEGF regulation
(Figure 3A). Additionally, we sought to perform a functionality-
analysis of the STRING network retrieved by employing the Cytoscape
platform ClueGO plugin [58] which confirmed the retrieval of the
vascular endothelial growth factor production and positive regulation
(B) pathway. These bio-informatic findings along with the previously
presented literature review further support a putative association
between IL1-VEGF in the integrity of the blood-brain barrier in the
development of MS.

Considering that, white matter plaques in MS are peri-venular,
this insight that VEGF effects are most prevalent in veins during
the pathogenesis of MS. Hypoxia-Inducible Factor 1 (HIF 1) is a
regulatory transcription factor that has been linked with the regulation
of endometrial breakdown during the menstrual cycle in animal
models by promoting the expression of VEGF mRNA, therefore the
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Figure 3: String and Cytoscape interaction and functionality-analysis of the
IL1- VEGF Interaction. The analysis was performed using STRING V10.5
for protein interaction analysis [61] (A) and Cytoscape V.3.5 ClueGO plugin
[58] for functional analysis (B). Asterisks indicate significant (p-value <0.05)
association of the gene input with the given biological process term.

production of VEGF as depicted in Figure 3A [59]. Similarly, HIF 1
has been found to be more prevalently expressed in the histological
pattern IIT of MS [60], which as discussed previously has been
hypothesized to be the initial pattern of demyelination that converts
into patterns I, IT and IV which are all distributed around veins (see
above). The driver of MS disease progression could potentially be
related to the CVS visualized on MRI because of the increased CBV,
vasodilation and increased angiogenesis seen in MS patients [53],
which could be caused by the increased serum levels of VEGF and its
receptor VEGFR-1 found to be higher in MS population compared to
normal controls [54].

The combination of increased CBV within veins [53], angiogenesis
[53], demyelination surrounding veins [23] and the increased BBB
leakage because of VEGF expression [56], all potentially contribute to
the MRI phenomenon of the CVS appearing on MRI. Additionally,
these factors could contribute to the pathology of MS and are also
related to the presentation of the CVS, confirming that the vascular
component of the CVS is related to MS pathology.

Discussion

The pathogenesis of MS involves neurodegenerative,
immunological and vascular processes [39]. In our review, we
analyzed literature revolving around the Central Vein Sign which
is present on MRI and its possible relationship to the pathogenesis
of MS. Indeed, research implicates that prior to inflammatory
infiltration there is blood-brain barrier disruption noted which

supports the idea of a vascular component during the initial insult
of demyelination. We also attempted to analyze the literature for the
potential susceptibility of the venular/post-capillary veins during
inflammation in MS. Even though there is evidence to support post-
venular inflammation in MS, more research should be performed to
analyze the effects of inflammatory markers on human BBB, examine
the different receptors exhibited by the endothelial layers in veins
compared to arteries within the human BBB. Assessing the BBB
abnormalities of MS and analyzing whether there is a relationship
between the different clinical classifications and clinical presentations
of MS could potentially shed light on the diagnosis and treatment of
this disease.

Moreover, we suggest that analysis of the spinal cord, infra-
tentorial, periventricular and juxtacortical locations of the CNS,
where dissemination in space occurs as suggested by the revised
McDonald criteria [5], to be further examined on the vascular level
for their susceptibility to the inflammation caused by MS. Optic
neuritis which is another major component of MS pathology has
shown to exhibit changes in retinal veins [62]. With these findings in
mind, we also suggest that different locations of the veins implicated
in the pathogenesis of MS should be evaluated for their progression
both in time and space, thus explore whether a correlation can be
drawn between venular inflammation and the different clinical
manifestations of MS. Research to pinpoint the molecular basis of
vascular susceptibilities of the CNS inflammation during MS could
potentially improve diagnosis when used in conjunction with MR
imaging. Identification and localization of the CVS along with
molecular vascular marker levels may contribute to the prediction
of disease progression and even provide novel therapeutic targets to
assist in MS patient management.

References

1. Rejdak K, Jackson S, Giovannoni G. Multiple sclerosis: A practical overview
for clinicians. Br Med Bull 2010; 95: 79-104.

2. Visser EM, Wilde K, Wilson JF, Yong KK, Counsell CE. A new prevalence
study of multiple sclerosis in orkney, shetland and aberdeen city. J Neurol
Neurosurg Psychiatry. 2012; 83: 719-724.

3. Barkhof F, Scheltens P. Imaging of white matter lesions. Cerebrovasc Dis.
2002; 13: 21-30.

4. McDonald WI, Compston A, Edan G, Goodkin D, Hartung H, Lublin FD, et al.
Recommended diagnostic criteria for multiple sclerosis: Guidelines from the
international panel on the diagnosis of multiple sclerosis. Ann Neurol. 2001;
50: 121-127.

5. Polman CH, Reingold SC, Banwell B, Clanet M, Cohen JA, Filippi M, et al.
Diagnostic criteria for multiple sclerosis: 2010 revisions to the McDonald
criteria. Ann Neurol. 2011; 69: 292-302.

6. Solomon AJ, Weinshenker BG. Misdiagnosis of multiple sclerosis: Frequency,
causes, effects, and prevention. Curr Neurol Neurosci Rep. 2013; 13: 403.

7. Solomon AJ, Klein EP, Bourdette D. “Undiagnosing” multiple sclerosis: The
challenge of misdiagnosis in MS. Neurology. 2012; 78: 1986-1991.

8. Mistry N, Dixon J, Tallantyre E, Tench C, Abdel-Fahim R, Jaspan T, et al.
Central veins in brain lesions visualized with high-field magnetic resonance
imaging: A pathologically specific diagnostic biomarker for inflammatory
demyelination in the brain. JAMA Neurol. 2013; 70: 623-628.

9. Lublin FD, Reingold SC, Cohen JA, Cutter GR, Sorensen PS, Thompson AJ,
et al. Defining the clinical course of multiple sclerosis: The 2013 revisions.
Neurology. 2014; 83: 278-286.

Citation: Georgiou |, Kastora SL and Murray AD. The Central Vein Sign Relationship to the Blood-Brain

Barrier in Multiple Sclerosis. SM J Neurol Disord Stroke. 2017; 3(1): 1015s1.

Crages


https://www.ncbi.nlm.nih.gov/pubmed/20603280
https://www.ncbi.nlm.nih.gov/pubmed/20603280
https://www.ncbi.nlm.nih.gov/pubmed/22577232
https://www.ncbi.nlm.nih.gov/pubmed/22577232
https://www.ncbi.nlm.nih.gov/pubmed/22577232
https://www.ncbi.nlm.nih.gov/pubmed/11901239
https://www.ncbi.nlm.nih.gov/pubmed/11901239
https://www.ncbi.nlm.nih.gov/pubmed/11456302
https://www.ncbi.nlm.nih.gov/pubmed/11456302
https://www.ncbi.nlm.nih.gov/pubmed/11456302
https://www.ncbi.nlm.nih.gov/pubmed/11456302
https://www.ncbi.nlm.nih.gov/pubmed/21387374
https://www.ncbi.nlm.nih.gov/pubmed/21387374
https://www.ncbi.nlm.nih.gov/pubmed/21387374
https://www.ncbi.nlm.nih.gov/pubmed/24142849
https://www.ncbi.nlm.nih.gov/pubmed/24142849
https://www.ncbi.nlm.nih.gov/pubmed/22581930
https://www.ncbi.nlm.nih.gov/pubmed/22581930
https://www.ncbi.nlm.nih.gov/pubmed/23529352
https://www.ncbi.nlm.nih.gov/pubmed/23529352
https://www.ncbi.nlm.nih.gov/pubmed/23529352
https://www.ncbi.nlm.nih.gov/pubmed/23529352
https://www.ncbi.nlm.nih.gov/pubmed/24871874
https://www.ncbi.nlm.nih.gov/pubmed/24871874
https://www.ncbi.nlm.nih.gov/pubmed/24871874

SMGr&up

10.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Copyright © Georgiou |

National Institute for Clinical Excellence. NICE clinical guideline 8. Multiple
Sclerosis: Management of Multiple Sclerosis in Primary and Secondary Care.
2003.

. Frohman TC, Davis SL, Beh S, Greenberg BM, Remington G, Frohman EM.

Uhthoff's phenomena in MS-clinical features and pathophysiology. Nat Rev
Neurol. 2013; 9: 535-540.

.Sandyk R, Dann LC. Resolution of lhermitte’s sign in multiple sclerosis by

treatment with weak electromagnetic fields. Int J Neurosci. 1995; 81: 215-
224.

. Kuchling J, Ramien C, Bozin I, Dérr J, Harms L, Rosche B, et al. Identical

lesion morphology in primary progressive and relapsing-remitting MS-an
ultrahigh field MRI study. Multiple Sclerosis Journal. 2014; 20: 1866-1871.

. Fisniku L, Brex P, Altmann D, Miszkiel K, Benton C, Lanyon R, et al. Disability

and T2 MRI lesions: A 20-year follow-up of patients with relapse onset of
multiple sclerosis. Brain. 2008; 131: 808-817.

.Ge Y, Law M, Grossman RI. Applications of diffusion tensor MR imaging in

multiple sclerosis. Ann N 'Y Acad Sci. 2005; 1064: 202-219.

. Sati P, Oh J, Constable RT, Evangelou N, Guttmann CR, Henry RG, et al.

The central vein sign and its clinical evaluation for the diagnosis of multiple
sclerosis: A consensus statement from the North American imaging in
multiple sclerosis cooperative. Nat Rev Neurol. 2016; 12: 714-722.

. Schiffmann R, van der Knaap MS. Invited article: An MRI-based approach to

the diagnosis of white matter disorders. Neurology. 2009; 72: 750-759.

. Markovic-Plese S, Pinilla C, Martin R. The initiation of the autoimmune

response in multiple sclerosis. Clin Neurol Neurosurg. 2004; 106: 218-222.

. Constantinescu CS, Farooqgi N, O’brien K, Gran B. Experimental autoimmune

encephalomyelitis (EAE) as a model for multiple sclerosis (MS). Br J
Pharmacol. 2011; 164: 1079-1106.

Montagne A, Toga AW, Zlokovic BV. Blood-brain barrier permeability and
gadolinium: Benefits and potential pitfalls in research. JAMA Neurol. 2016;
73: 13-14.

Corot C, Petry KG, Trivedi R, Saleh A, Jonkmanns C, Le Bas J, et al.
Macrophage imaging in central nervous system and in carotid atherosclerotic
plaque using ultrasmall superparamagnetic iron oxide in magnetic resonance
imaging. Invest Radiol. 2004; 39: 619-625.

Floris S, Blezer E, Schreibelt G, Dopp E, Van der Pol S, Schadee-
Eestermans |, et al. Blood-brain barrier permeability and monocyte infiltration
in experimental allergic encephalomyelitis: A quantitative MRI study. Brain.
2004; 127: 616-627.

Lucchinetti C, Bruck W, Parisi J, Scheithauer B, Rodriguez M, Lassman H.
Heterogeneity of multiple sclerosis lesions: Implications for the pathogenesis
of demyelination. Ann Neurol. 2000; 47: 707-717.

Breij EC, Brink BP, Veerhuis R, Van den Berg C, Vioet R, Yan R, et al.
Homogeneity of active demyelinating lesions in established multiple sclerosis.
Ann Neurol. 2008; 63: 16-25.

Abbott NJ, Friedman A. Overview and introduction: The blood-brain barrier in
health and disease. Epilepsia. 2012; 53: 1-6.

Daneman R, Prat A. The blood-brain barrier. Cold Spring Harb Perspect Biol.
2015; 7.

Abbott NJ, Ronnback L, Hansson E. Astrocyte-endothelial interactions at the
blood-brain barrier. Nat Rev Neurosci. 2006; 7: 41-53.

Blanchette M, Daneman R. Formation and maintenance of the BBB. Mech
Dev. 2015; 138: 8-16.

Minagar A, Alexander JS. Blood-brain barrier disruption in multiple sclerosis.
Mult Scler. 2003; 9: 540-549.

Haddad-Toévolli R, Dragano NR, Ramalho AF, Velloso LA. Development and
function of the blood-brain barrier in the context of metabolic control. Front
Neurosci. 2017; 11: 224.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Weiss N, Miller F, Cazaubon S, Couraud P. The blood-brain barrier in brain
homeostasis and neurological diseases. Biochimica Et Biophysica Acta
(BBA)-Biomembranes. 2009; 1788 : 842-57.

Srinivasan B, Kolli AR, Esch MB, Abaci HE, Shuler ML, Hickman JJ, etal.
TEER measurement techniques for in vitro barrier model systems. Journal of
Laboratory Automation. 2015; 20: 107-26.

Butt AM, Jones HC, Abbott NJ. Electrical resistance across the blood-brain
barrier in anaesthetized rats: A developmental study. J Physiol (Lond ) . 1990;
429: 47-62.

Butt AM, Jones HC. Effect of histamine and antagonists on electrical
resistance across the blood-brain barrier in rat brain-surface microvessels.
Brain Res. 1992; 569: 100-5.

Wong AD, Ye M, Levy AF, Rothstein JD, Bergles DE, Searson PC, etal. The
blood-brain barrier: An engineering perspective. Front Neuroeng. 2013; 30;
6:7.

Cucullo L, Hossain M, Puvenna V, Marchi N, Janigro D. The role of shear
stress in blood-brain barrier endothelial physiology. BMC Neuroscience.
2011; 12: 40.

Shaik SS, Soltau TD, Chaturvedi G, Totapally B, Hagood JS, Andrews WW,
et al. Low intensity shear stress increases endothelial ELR+ CXC chemokine
production via a focal adhesion kinase-p38{beta} MAPK-NF-{kappa}B
pathway. J Biol Chem. 2009; 27; 284: 5945-55.

Inflammation and the microcirculation. Colloquium series on integrated
systems physiology: From molecule to functionMorgan & Claypool Life
Sciences; 2010.

Dendrou CA, Fugger L, Friese MA. Immunopathology of multiple sclerosis.
Nature Reviews.Immunology. 2015; 15: 545.

Granger DN, Kubes P. The microcirculation and inflammation: Modulation of
leukocyte-endothelial cell adhesion. J Leukoc Biol. 1994; 55: 662-75.

Sharief M, Noori M, Ciardi M, Cirelli A, Thompson E. Increased levels of
circulating ICAM-1 in serum and cerebrospinal fluid of patients with active
multiple sclerosis. Correlation with TNF-a and blood-brain barrier damage. J
Neuroimmunol. 1993; 43: 15-21.

Losy J, Niezgoda A, Wender M. Increased serum levels of soluble PECAM-1
in multiple sclerosis patients with brain gadolinium-enhancing lesions. J
Neuroimmunol. 1999; 99: 169-172.

MoRner R, Fassbender K, Kiihnen J, Schwarte A, Hennend M. Circulating
L-selectin in multiple sclerosis patients with active, gadolinium-enhancing
brain plaques. J Neuroimmunol. 1996; 65: 61-65.

Boutin H, Kimber I, Rothwell NJ, Pinteaux E. The expanding interleukin-1
family and its receptors. Mol Neurobiol. 2003; 27: 239-248.

Cunningham ET,Jr, Wada E, Carter DB, Tracey DE, Battey JF, De Souza EB.
In situ histochemical localization of type | interleukin-1 receptor messenger
RNA in the central nervous system, pituitary, and adrenal gland of the mouse.
J Neurosci. 1992; 12: 1101-1114.

Yi ES, Ulich TR. Endotoxin, interleukin-1, and tumor necrosis factor cause
neutrophil-dependent microvascular leakage in postcapillary venules. Am J
Pathol. 1992; 140: 659-663.

Mann C, Davies M, Stevenson V, Leary S, Boggild M, Ko CK, et al. Interleukin
1 genotypes in multiple sclerosis and relationship to disease severity. J
Neuroimmunol. 2002; 129: 197-204.

Matsuda M, Tsukada N, Miyagi K, Yanagisawa N. Increased interleukin-1
production by peripheral blood mononuclear cells in patients with multiple
sclerosis. J Neurol Sci. 1991; 102: 100-104.

Blamire AM, Anthony DC, Rajagopalan B, Sibson NR, Perry VH, Styles
P. Interleukin-1beta -induced changes in blood-brain barrier permeability,
apparent diffusion coefficient, and cerebral blood volume in the rat brain: A
magnetic resonance study. J Neurosci. 2000; 20: 8153-8159.

Argaw AT, Zhang Y, Snyder BJ, Zhao ML, Kopp N, Lee SC, et al. IL-1beta
regulates blood-brain barrier permeability via reactivation of the hypoxia-
angiogenesis program. J Immunol. 2006; 177: 5574-5584.

Citation: Georgiou |, Kastora SL and Murray AD. The Central Vein Sign Relationship to the Blood-Brain
Barrier in Multiple Sclerosis. SM J Neurol Disord Stroke. 2017; 3(1): 1015s1.

Zxa


https://www.nice.org.uk/guidance/cg8
https://www.nice.org.uk/guidance/cg8
https://www.nice.org.uk/guidance/cg8
https://www.ncbi.nlm.nih.gov/pubmed/23732530
https://www.ncbi.nlm.nih.gov/pubmed/23732530
https://www.ncbi.nlm.nih.gov/pubmed/23732530
https://www.ncbi.nlm.nih.gov/pubmed/7628912
https://www.ncbi.nlm.nih.gov/pubmed/7628912
https://www.ncbi.nlm.nih.gov/pubmed/7628912
http://journals.sagepub.com/doi/abs/10.1177/1352458514531084
http://journals.sagepub.com/doi/abs/10.1177/1352458514531084
http://journals.sagepub.com/doi/abs/10.1177/1352458514531084
https://www.ncbi.nlm.nih.gov/pubmed/18234696
https://www.ncbi.nlm.nih.gov/pubmed/18234696
https://www.ncbi.nlm.nih.gov/pubmed/18234696
https://www.ncbi.nlm.nih.gov/pubmed/16394158
https://www.ncbi.nlm.nih.gov/pubmed/16394158
https://www.ncbi.nlm.nih.gov/pubmed/27834394
https://www.ncbi.nlm.nih.gov/pubmed/27834394
https://www.ncbi.nlm.nih.gov/pubmed/27834394
https://www.ncbi.nlm.nih.gov/pubmed/27834394
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2677542/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2677542/
https://www.ncbi.nlm.nih.gov/pubmed/21371012
https://www.ncbi.nlm.nih.gov/pubmed/21371012
https://www.ncbi.nlm.nih.gov/pubmed/21371012
https://www.ncbi.nlm.nih.gov/pubmed/26524294
https://www.ncbi.nlm.nih.gov/pubmed/26524294
https://www.ncbi.nlm.nih.gov/pubmed/26524294
https://www.ncbi.nlm.nih.gov/pubmed/15377941
https://www.ncbi.nlm.nih.gov/pubmed/15377941
https://www.ncbi.nlm.nih.gov/pubmed/15377941
https://www.ncbi.nlm.nih.gov/pubmed/15377941
https://www.ncbi.nlm.nih.gov/pubmed/14691063
https://www.ncbi.nlm.nih.gov/pubmed/14691063
https://www.ncbi.nlm.nih.gov/pubmed/14691063
https://www.ncbi.nlm.nih.gov/pubmed/14691063
https://www.ncbi.nlm.nih.gov/pubmed/10852536
https://www.ncbi.nlm.nih.gov/pubmed/10852536
https://www.ncbi.nlm.nih.gov/pubmed/10852536
https://www.ncbi.nlm.nih.gov/pubmed/18232012
https://www.ncbi.nlm.nih.gov/pubmed/18232012
https://www.ncbi.nlm.nih.gov/pubmed/18232012
http://onlinelibrary.wiley.com/doi/10.1111/j.1528-1167.2012.03696.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1528-1167.2012.03696.x/full
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4292164/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4292164/
https://www.ncbi.nlm.nih.gov/pubmed/16371949
https://www.ncbi.nlm.nih.gov/pubmed/16371949
https://www.ncbi.nlm.nih.gov/pubmed/26215350/
https://www.ncbi.nlm.nih.gov/pubmed/26215350/
https://www.ncbi.nlm.nih.gov/pubmed/14664465
https://www.ncbi.nlm.nih.gov/pubmed/14664465
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5399017/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5399017/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5399017/
http://www.sciencedirect.com/science/article/pii/S0005273608003489
http://www.sciencedirect.com/science/article/pii/S0005273608003489
http://www.sciencedirect.com/science/article/pii/S0005273608003489
http://journals.sagepub.com/doi/abs/10.1177/2211068214561025
http://journals.sagepub.com/doi/abs/10.1177/2211068214561025
http://journals.sagepub.com/doi/abs/10.1177/2211068214561025
http://onlinelibrary.wiley.com/doi/10.1113/jphysiol.1990.sp018243/full
http://onlinelibrary.wiley.com/doi/10.1113/jphysiol.1990.sp018243/full
http://onlinelibrary.wiley.com/doi/10.1113/jphysiol.1990.sp018243/full
http://www.sciencedirect.com/science/article/pii/000689939290374I
http://www.sciencedirect.com/science/article/pii/000689939290374I
http://www.sciencedirect.com/science/article/pii/000689939290374I
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3757302/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3757302/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3757302/
https://bmcneurosci.biomedcentral.com/articles/10.1186/1471-2202-12-40
https://bmcneurosci.biomedcentral.com/articles/10.1186/1471-2202-12-40
https://bmcneurosci.biomedcentral.com/articles/10.1186/1471-2202-12-40
http://www.jbc.org/content/284/9/5945.short
http://www.jbc.org/content/284/9/5945.short
http://www.jbc.org/content/284/9/5945.short
http://www.jbc.org/content/284/9/5945.short
https://search.proquest.com/openview/ae18e0fa8147cca174d64ba096e34c0f/1?pq-origsite=gscholar&cbl=27582
https://search.proquest.com/openview/ae18e0fa8147cca174d64ba096e34c0f/1?pq-origsite=gscholar&cbl=27582
http://www.jleukbio.org/content/55/5/662.short
http://www.jleukbio.org/content/55/5/662.short
https://www.ncbi.nlm.nih.gov/pubmed/8096220
https://www.ncbi.nlm.nih.gov/pubmed/8096220
https://www.ncbi.nlm.nih.gov/pubmed/8096220
https://www.ncbi.nlm.nih.gov/pubmed/8096220
https://www.ncbi.nlm.nih.gov/pubmed/10505971
https://www.ncbi.nlm.nih.gov/pubmed/10505971
https://www.ncbi.nlm.nih.gov/pubmed/10505971
https://www.ncbi.nlm.nih.gov/pubmed/8642065
https://www.ncbi.nlm.nih.gov/pubmed/8642065
https://www.ncbi.nlm.nih.gov/pubmed/8642065
https://www.ncbi.nlm.nih.gov/pubmed/12845150
https://www.ncbi.nlm.nih.gov/pubmed/12845150
https://www.ncbi.nlm.nih.gov/pubmed/1532025
https://www.ncbi.nlm.nih.gov/pubmed/1532025
https://www.ncbi.nlm.nih.gov/pubmed/1532025
https://www.ncbi.nlm.nih.gov/pubmed/1532025
https://www.ncbi.nlm.nih.gov/pubmed/1546745
https://www.ncbi.nlm.nih.gov/pubmed/1546745
https://www.ncbi.nlm.nih.gov/pubmed/1546745
https://www.ncbi.nlm.nih.gov/pubmed/12161036
https://www.ncbi.nlm.nih.gov/pubmed/12161036
https://www.ncbi.nlm.nih.gov/pubmed/12161036
http://www.sciencedirect.com/science/article/pii/0022510X9190099S
http://www.sciencedirect.com/science/article/pii/0022510X9190099S
http://www.sciencedirect.com/science/article/pii/0022510X9190099S
https://www.ncbi.nlm.nih.gov/pubmed/17015745
https://www.ncbi.nlm.nih.gov/pubmed/17015745
https://www.ncbi.nlm.nih.gov/pubmed/17015745

SMGr&up

5

5

5

54.

5

56.

Copyright © Georgiou |

1. Prins M, Eriksson C, Wierinckx A, Bol JG, Binnekade R, Tilders FJ, et al.
Interleukin-1B and interleukin-1 receptor antagonist appear in grey matter
additionally to white matter lesions during experimental multiple sclerosis.
PloS One. 2013; 8: 83835.

2. Olsson A, Dimberg A, Kreuger J, Claesson-Welsh L. VEGF receptor
signalling--in control of vascular function. Nature Reviews. Molecular Cell
Biology. 2006; 7: 359-371.

w

. Papadaki EZ, Mastorodemos VC, Amanakis EZ, Tsekouras KC, Papadakis
AE, Tsavalas ND, et al. White matter and deep gray matter hemodynamic
changes in multiple sclerosis patients with clinically isolated syndrome. Magn
Reson Med. 2012; 68: 1932-1942.

Girolamo F, Coppola C, Ribatti D, Trojano M. Angiogenesis in multiple sclerosis
and experimental autoimmune encephalomyelitis. Acta Neuropathologica
Communications. 2014; 2: 84.

5. Su JJ, Osoegawa M, Matsuoka T, Minohara M, Tanaka M, Ishizu T, et al.
Upregulation of vascular growth factors in multiple sclerosis: Correlation with
MRI findings. J Neurol Sci. 2006; 243: 21-30.

Zhang ZG, Zhang L, Jiang Q, Zhang R, Davies K, Powers C, et al. VEGF
enhances angiogenesis and promotes blood-brain barrier leakage in the
ischemic brain. J Clin Invest. 2000; 106: 829-838.

57.

58.

59.

60.

6

=

62.

Maharaj AS, D’Amore PA. Roles for VEGF in the adult. Microvasc Res. 2007;
74:100-113.

Bindea G, Mlecnik B, Hackl H, Charoentong P, Tosolini M, Kirilovsky A, et al.
ClueGO: A cytoscape plug-in to decipher functionally grouped gene ontology
and pathway annotation networks. Bioinformatics. 2009; 25: 1091-1093.

Chen M, Hsu W, Hwang P, Chou T. Low molecular weight fucoidan inhibits
tumor angiogenesis through downregulation of HIF-1/VEGF signaling under
hypoxia. Mar Drugs. 2015; 13: 4436-4451.

Lassmann H. Hypoxia-like tissue injury as a component of multiple sclerosis
lesions. J Neurol Sci. 2003; 206: 187-191.

.Von Mering C, Jensen LJ, Snel B, Hooper SD, Krupp M, Foglierini M, et al.

STRING: Known and predicted protein—protein associations, integrated and
transferred across organisms. Nucleic Acids Res. 2005; 33: 433-437.

Engell T, Sellebjerg F, Jensen C. Changes in the retinal veins in acute optic
neuritis. Acta Neurol Scand. 1999; 100: 81-83.

Citation: Georgiou |, Kastora SL and Murray AD. The Central Vein Sign Relationship to the Blood-Brain

Barrier in Multiple Sclerosis. SM J Neurol Disord Stroke. 2017; 3(1): 1015s1.

=a


http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0083835
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0083835
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0083835
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0083835
https://www.ncbi.nlm.nih.gov/pubmed/16633338
https://www.ncbi.nlm.nih.gov/pubmed/16633338
https://www.ncbi.nlm.nih.gov/pubmed/16633338
https://www.ncbi.nlm.nih.gov/pubmed/22367604
https://www.ncbi.nlm.nih.gov/pubmed/22367604
https://www.ncbi.nlm.nih.gov/pubmed/22367604
https://www.ncbi.nlm.nih.gov/pubmed/22367604
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4149233/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4149233/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4149233/
https://www.ncbi.nlm.nih.gov/pubmed/16376944
https://www.ncbi.nlm.nih.gov/pubmed/16376944
https://www.ncbi.nlm.nih.gov/pubmed/16376944
https://www.ncbi.nlm.nih.gov/pubmed/11018070
https://www.ncbi.nlm.nih.gov/pubmed/11018070
https://www.ncbi.nlm.nih.gov/pubmed/11018070
https://www.ncbi.nlm.nih.gov/pubmed/17532010
https://www.ncbi.nlm.nih.gov/pubmed/17532010
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2666812/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2666812/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2666812/
https://www.ncbi.nlm.nih.gov/pubmed/26193287
https://www.ncbi.nlm.nih.gov/pubmed/26193287
https://www.ncbi.nlm.nih.gov/pubmed/26193287
https://www.ncbi.nlm.nih.gov/pubmed/12559509
https://www.ncbi.nlm.nih.gov/pubmed/12559509
https://www.ncbi.nlm.nih.gov/pubmed/15608232
https://www.ncbi.nlm.nih.gov/pubmed/15608232
https://www.ncbi.nlm.nih.gov/pubmed/15608232
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-0404.1999.tb01041.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-0404.1999.tb01041.x/abstract

	Title
	Abstract
	Introduction
	Classification of Main Types of Multiple Sclerosis and Symptoms
	What is the Central Vein Sign?
	Vascular aspect of MS and the Blood-Brain barrier
	Functions and Components of Blood-Brain Barrier
	Post-Capillary Venules Susceptibility to Inflammation
	Interleukin-1 in post-capillary venules and in MS
	Vascular Endothelial Growth Factor and MS pathology
	Discussion
	References
	Table 1
	Figure 1
	Figure 2
	Figure 3

