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LIST OF ABBREVIATIONS

CNS Central nervous system

MS Multiple sclerosis

ADEM Acute-disseminated encephalomyelitis
AHL Acute haemorrhagic leucoencephalitis
PML Progressive multifocal leucoencephalopathy
CPM Central pontin myelinolysis

EPM Extrapontin myelinolysis

LA Leukoaraiosis

MRI Magnetic Resonance Imaging

MTHFR Methylene tetrahydrofolate reductase
ACE Angiotensin-converting enzyme
APOE Apolipoprotein E

AQP-4 Aquaporin-4

CADASIL Cerebral autosomal dominant arteriopathy with

subcortical infarcts and leukoencephalopathy

NMSS National Multiple Sclerosis Society
RR Relapsing-remitting

SP Secondary progressive

PP Primary progressive

PR Progressive relapsing

CIS Clinically isolated syndrome

EDSS Expanded Disability Status Scale
GWAS Genome-wilde association studies
IL Interleukine

TNF Tumor necrosis factor



AMPs
hBDs
HBD1, HBD2
UTR
PCR
RT-PCR
CT
ELISA
SNPs
CNPs
CNVs
AD
Abeta
eFAD
LOAD

SPECT

DSM-1V

NINCDS-ADRDA

MMSE
ADAS-Cog

CDT

Antimicrobial peptides

Human B-defensins

Human beta defensin-1, -2
Untranslated region

Polymerase chain reaction

Real time polymerase chain reaction
Threshold cycle

Enzyme linked immunosaorbent assay
Single nucleotide polymorphisms
Copy number polymorphisms

Copy number variations
Alzheimer’s disease

Amyloid

Early onset familial AD

Late-onset AD

Single photon emission computed

tomography

Fourth edition of the Diagnostic and

Statistical Manual of Mental Disorders

Mini-Mental State Exam
AD Assessment Scale — Cognitive Subscale

Clock Drawing Test



1.INTRODUCTION

1.1 Definition of the demyelinating disorders

Demyelinating diseases are characterized by the loss of the normal myelin

denvelopment and integrity. * Demyelination may attack axons in the central and peripherial

nervous system and it creates a variety of neurological disorders and syndromes. 2

1.1.1 Classification of the CNS demyelination

The classification of the CNS demyelination is complicated. However, it can be

classified according to the pathogenesis of the disease. Inflammatory demyelination,

demyelination due to virial inflection, demyelination caused by acquired metabolic

derangements, hypoxic—ischaemic form and demyelination caused by focal compression are

the principal categories (Table 1 below). 3

INFLAMMATORY DEMYELINATION

Multiple sclerosis (MS)

Classical MS
Acute (Marburg-type) MS
Neuromyelitis optica (Devic’s disease)

Concentric sclerosis (Bald’s sclerosis)

Acute-disseminated encephalomyelitis (ADEM)

Acute haemorrhagic leucoencephalitis (AHL)

VIRIAL DEMYELINATION

Progressive multifocal leucoencephalopathy (PML)

Other virial demyelinating diseases involved in HIV

infection

ACQUIRED METABOLIC DEMYELINATION

Central pontin myelinolysis (CPM)

Extrapontin myelinolysis (EPM)

HYPOXIC- ISCHAEMIC DEMYELINATION

COMPRESSION- INDUCED DEMYELINATION

Table 1. Classification of CNS demyelination (according to Love 4)




1.1.2 Pathogenesis of the ischemic demyelination

The ischemic demyelinating disorder, also known as age-related white matter lesion of
the brain, is a common clinical phenomenon. It is the most frequently seen lesion in
neuroimaging scans. ° Ischemic demyelinization is called Leukoaraiosis (LA) in
neuroimaging terms. Here, LA refers to diffuse areas of hyperintensity in T2-weighed
magnetic resonance imaging (MRI) scans and it involves white matter. ° ® One quarter of
people over the age of 65 are affected to some degree by white matter changes. © Moreover,
LA is definitely associated with cognitive decline, slowness of mental processing (dementia)
and a poor quality of life. 8 It is a slowly developing illness, associated with various clinical
risk factors and endogenous genetic factors. ® Two major mechanisms have been proposed for
it. The first is the chronic endothelial dysfunction. The increased levels of circulating markers
of endothelial cell activation or dysfunction such as ICAM-1 and thrombomodulin were found
in leukoaraiosis 1%, and ICAM-1 levels correlated with the progression of LA. ! The second is
the elevated blood-brain barrier permeability, which results in the leakage of plasma
components into the vessel wall and surrounding brain parenchyma. 2 Another hypothesis
states that cerebral hypoperfusion may cause an energy deficit in the glia cells and neurons.
Chronic hypoxia may be presumed to primarily damage the function of the mitochondria. °

Aging, hypertension, diabetes mellitus, a prior stroke event, and cardiac diseases are
the main vascular risk factors for LA. ° ® The temporal and occipital border zones are the most
frequent regions of LA, because the superficial and deep perforans are end arterioles. The two
systems do not connect, but only meet in a junctional zone around the lateral ventricles 13 14,

The key genetic factors of LA pathogenesis are the methylene tetrahydrofolate
reductase (MTHFR) C677T variant, the angiotensin-converting enzyme (ACE) I/D and the
apolipoprotein E (APOE) 2 or 4 polymorphisms. ** ¢ The homozygous MTHFR 677TT
variant is associated with an eleveted serum homocysteine level, which has an unfavourable
effect on vasoregulation. 1’ ¥ The increased plasma homocysteine level will result in
endothelial dysfunction. '* Homocysteine directly damages the vascular matrix because it
affects the biosynthetic and biochemical functions of the vascular cell. Endothelial-derived
nitric oxide production is also caused by homocysteine. % LA is positively correlated with the
plasma homocysteine level, so it is inversely correlated with the plasma folate level. ** The
MTHFR A1298C polymorphism is also a common genetic variant and it is thought to be a
vascular risk factor. 2* The ACE I/D polymorphism is an important genetic factor in the renin-

angiotensin system, and it has regulatory roles in the cardiovascular system. Alongside this,



the homozygous ACE D/D polymorphism has an unfavourable effect on the vasoregulatory
system. %2 Also, the incidence of the ACE D/D genotype might adversely affect
vasoconstriction, vascular walls undermine thickening, reducing the proliferation of smooth
muscle cells and cause a stroke. *® The APOE 2 or 4 allele is also shown to give the rise to
LA. 22 The APOE 4 allele leads to a reduced neuroregeneration ability, and the cytoskeleton
can become unstable and the glia cells may become more vulnerable. 2* Despite this, the
APOE 4 genotype is supposed to be a risk factor for ischemic brain injury or stroke. % In the
presence of the APOE 2 allele, the cytoskeleton might become too rigid and this may be
harmful during the prolonged hypoperfusion of the brain °, and it may decrease the range of
mechanical and chemical flexibility of the glial cytoskeleton. ® The homozygous MTHFR
677TT mutation in combination with the homozygous ACE D/D genotype has been
associated with a higher risk of LA. ¥ Furthermore, the MTHFR 677TT variant and the ACE
D/D polymorphism contribute to small-vessel disease or vasoregulation impairment. These
two genotypes in combination with the APOE 4 or 2 allele have also been reported to give
rise to LA. 23 A new finding is the role of the aquaporin-4 (AQP-4) genotypes in LA. 26 AQP-
4 is the major water channel in the brain and the spinal cord 27, and it aids the movement of
water between the blood and brain, and between the brain and the cerebrospinal fluid. 22 AQP-
4 is alleged to be involved in the etiology of neuromyelitis optica 2°, cerebral oedema ¥,
sudden infant death syndrome 3! and migraine 2. The CT/TT genotypes of the AQP-4
rs2075575 polymorphism could be associated with cerebral small-vessel disease and these
genotypes may be a significant promoting factor for LA. 28

The CADASIL study, which investigated the cerebral autosomal dominant
arteriopathy with subcortical infarcts and leukoencephalopathy, is caused by mutations in the
notch-3 gene. The deposition of the extracellular portion of notch 3 in the arterial wall of both
cerebral and systemic arteries may be identified adjacent to granular osmiophilic material, a
deposition of unknown composition. *3 This should be investigated further.

1.1.3 The pathogenesis of the Multiple sclerosis (MS)

MS is a chronic immune-mediated inflammatory disease of the central nervous system
(CNS) that typically commences in the third or fourth decade of life. Demyelination and
subsequent axonal damage is characteristic in MS. 3 % The main pathological symptoms of
the disease are the destruction of the myelin sheets of nerve fibres, the relative sparsity of the
axons, and the infiltration of inflammatory cells in a perivascular surrounding. % 3" The
prevalence of MS in different regions of the world ranges from 15/100,000 to 250/100,000.
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In 1996, the US National Multiple Sclerosis Society (NMSS) Advisory Committee provided
standardized definitions for MS clinical courses; namely relapsing-remitting (RR), secondary
progressive (SP), primary progressive (PP) and progressive relapsing (PR). % In 2013, the
clinically isolated syndrome (CIS) form was added and the PR form has been eliminated by

the Committee (see figures 2 and 3 below). 4°

|y Not active

Clinically isolated syndrome ,<//

TR Active*

&
'

e

|y Mot active

[ 3
Relapsing-remitting disease 'fl’_f/
T Active*

=Activity = clinical relapses and/or MRI (gadolinium-enhancing
MRI lesions; new/enlarging T2 lesions).

Figure 2. Relapsing-remitting MS (Lublin, 2013) 4°

CIS is a well-defined syndrome that includes optic neuritis, cerebellar dysfunction and partial

myelitis, and it forms a part of the RR MS spectrum. 4°

Primary progressive ) _ .
(progressive accumulation Active* and with progression#®
of disability from onset)

&

Active* but without progression

Progressive disease
Mot active but with progression®

¥
Secondary progressive Mot active and without progression
(progressive accumulation (stable disease)

of disability after
an initial relapsing course)

*Activity = clinical relapses and/or MRI {gadolinium-enhancing
MRI lesions; new/enlarging T2 lesions).

#Progression measurad by clinical evaluation at least once yearly.

Figure 3. Progressive MS (Lublin, 2013)
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The original diagnostic criteria for MS were based on clinical features suggestive of CNS
demyelination. However, there are other different criteria used for the diagnosis of MS as

well. The oldest is the Schumacker committee criteria (1965) and the most recent is the

modified McDonald criteria (2010) (Figure 4 below). 34

Schumacker committee
criteria (1965)

Poser’s criteria (1983)

McDonald criteria (2001)

Modified McDonald
criteria (2010)

. Clinical signs of problem in CNS

Evidence of two or more areas of CNS involvement
. Evidence of white matter involvement

One of these: Two or more relapses (each lasting >

SOUA W

CDMS (clinically definite MS): two or more attacks

24 h and separated by at least 1 month) or progression (slow or stepwise)

. Patient should be between 10 and 50 yrs old at time of examination
. No better explanation for patient’s symptoms and signs

(relapses), with clinical (neurological dysfunction demonstrable by neurological

examination) or paraclinical evidence (demonstrable by any test) of the existence of a non-clinical lesion in the CNS. At least one event

should be of clinical evidence.

2. LSDMS (laboratory supported definite MS): At least one attack and oligoclonal bands. i. two attacks (occurrence of a symptom of
neurological dysfunction for more than 24 h), and one evidence (clinical or paraclinical): ii. one attack
and two clinical evidences ; iii. one attack, one clinical and one paraclinical evidence.

3. CPMS (clinically probable MS). One attack. i. Two attacks and one clinical evidence ; ii. one attack and two
clinical evidences; iii. one attack, one clinical and one paraclinical evidence.

4. LSPMS (laboratory supported probable MS): Two attacks with no other evidence.

Clinical presentation

* 2 or more attacks (relapses)

* 2 or more objective clinical lesions
* 2 or more attacks

* 1 objective clinical lesion

* 1 attack
* 2 or more objective clinical lesions

* 1 attack
* 1 objective clinical lesion (monosymptomatic
presentation)

Insidious neurological progression suggestive of MS
(primary progressive MS)

* 2 or more attacks
* 1 objective clinical lesion

* 1 attack
* 2 or more objective clinical lesions

* 1 attack
* 1 objective clinical lesion (clinically isolated
syndrome)

Insidious neurological progression suggestive of MS
(primary progressive MS)

Additional data needed

None; clinical evidence will suffice (additional evidence desirable
but must be consistent with MS)

Dissemination in space, demonstrated by:

* MRI

* or a positive CSF and 2 or more MRI lesions consistent with MS
* or further clinical attack involving different site

Dissemination in time, demonstrated by:

* MRI

* or second clinical attack

Dissemination in space demonstrated by:

* MRI

* or positive CSF and 2 or more MRI lesions consistent with MS

and

Dissemination in time demonstrated by:

* MRI

* or second clinical attack

One year of disease progression (retrospectively or prospectively

determined) and two of the following:

a. Positive brain MRI (nine T2 lesions or four or more T2 lesions
with positive VEP)

b. Positive spinal cord MRI (two focal T2 lesions)

c. Positive CSF

Dissemination in space, demonstrated by:

* MRI

* or positive CSF and 2 or more MRI lesions consistent with MS

* or further clinical attack involving different site.

New criteria: Dissemination in space (DIS) can be demonstrated by the
presence of 1 or more T2 lesions in at least 2 out of 4 of the following
areas of the CNS: Periventricular, Juxtacortical, Infratentorial, or Spinal
Cord.

Dissemination in time (DIT), demonstrated by:

* MRI

* or second clinical attack

New criteria: No longer need to have separate MRIs scans; Dissemination

in time can be demonstrated by: the simultaneous presence of asymptomatic
gadolinium(Gd)-enhancing and nonenhancing lesions at any time;

or new T2 and/or Gd-enhancing lesion(s) on follow-up MRI, irrespective

of its timing with reference to baseline scan; or await a second clinical
attack.

New criteria: Dissemination in space and time, demonstrated by:

For DIS: 1 or more T2 lesions in at least 2 of 4 MS-typical regions of the

CNS (periventricular, juxtacortical, infratentorial, or spinal cord); or

await second clinical attack implicating a different CNS site. For DIT:
Simultaneous presence of asymptomatic Gd-enhancing and nonenhancing
lesions at any time; or new T2 and/or GD-enhancing lesion(s) on follow-up
MR, irrespective of its timing with reference to a baseline scan; or await
second clinical attack.

New criteria: One year of disease progression (retrospectively or
prospectively determined) and two or three of the following:

1. Evidence of DIS in the brain based on 1 or more T2 lesions in the

MS -characteristic regions (periventricular, juxtacortical, or infratentorial)

2. Evidence of DIS in the spinal cord based on 2 or more T2 lesions in the cord
3. Positive CSF (isoelectric focusing evidence of oligoclonal bands and/or elevated
1gG index)

Figure 4. Various diagnostic criteria for MS (Karussis, 2013) 34



12

The Expanded Disability Status Scale (EDSS) is a method for quantifying disability in MS
patients (0.0: Normal neurological status and 10.0: Death due to MS). EDSS steps 1.0 to 4.5
refer to patients with MS who are fully ambulatory, while EDSS steps 5.0 to 9.5 are defined
in the terms of ambulation impairment. 4

The pathogenesis in MS is not clear. It is a multifactorial disease, where
environmental, genetic and infectious factors play important roles in its pathogenesis. ** The
inflammatory process is anticipated in MS pathogenesis, which is propagated by an
autoimmune cascade. Four types of immunpathological mechanisms have been identified in
MS lesions. Type I is T-cell mediated. In this way, demyelination is induced by macrophages
either directly or by macrophage toxins. The most common pathology of MS lesions is type
I, where demyelination is caused by specific antibodies and intense activity of the
complement system. Type Il is known as distal oligodendropathy, where degenerative
changes occur in distal processes and they are followed by apoptosis. Type IV involves
primary oligodendrocyte damage followed by secondary demyelination. 42

The geographical situation (high risk in northern Europe, in northern US, Canada, in
southern Australia and in New-Zealand) %3, vitamin D deficiency, smoking habits and
infections (Epstein-Barr virus) are the most important environmental risk factors in MS. 44

There are many genetic polymorphisms that can influence the pathogenesis of MS.
The cytokines and their receptor genes (IL-1p, IL-2, IL-10, TNF-a, -B), chemokines and their
receptor genes (CCL-5, -3, -4), the cytotoxic T lymphocyte associated-4 (CTLA-4) gene,
APOE, genes associated with apoptosis, MHC classes | and Il genes (HLA-DRB1* 1501-
DQAL1* 0102-DQB1* 0602 (DR15)) and the T-cell receptor (TCR) gene polymorphisms are
the most serious, and these things were described in genome-wide association studies
(GWAS). # % Viral infections (such as the Epstein-Barr virus and human herpes virus 6) are

suspected of being a trigger for MS. 46
1.2 Alzheimer’s disease

Alzheimer’s disease (AD) is a progressive neurodegenerative disease and it is the
leading cause of cognitive and behavioural impairment in our society. AD is pathologically
characterised by the observed accumulation and deposition of amyloid (A B) peptides and
the appearance of neuronal inclusion of abnormally phosphorylated tau in the brain, especially
in the hippocampus and cerebral cortex. 4" Gene mutations in early onset familial AD (eFAD)
may cause the production of the longer AP42 variant that preferentially accumulates in

plaques. In sporadic or late-onset AD (LOAD), this commences after the age of 65 years.
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Many genetical and environmental factors may contribute to the pathogenesis of LOAD, and
it affects about 95 % of sufferers. Several genes are implicated as a risk factor, but it is at
present not known how they alter amyloid levels. “® Five percent of elderly persons over 65
years suffer from AD and this percentage for those over 85 years increases to 30 %. By 2040,
it is expected that 81 million people will suffer from AD. #°

AD is multifactorial and heterogeneous disorder (Igbal & Igbal), and recent studies
indicate that some epigenetic or environmental effects are risk factors to AD. *° It has also
been postulated that bacterial or viral infection in the brain may play an initiating role in
amyloid plaque formation and the development of AD. ! Various animal studies have
demonstrated that several pathogens like Chlamydia pneumoniae, Herpes simplex,
Escherichia coli, and Cryptococcus neoformans play a significant role in the development of
amyloid plaque formation, and bacterial or viral CNS pathogens may speed up the
development of AD. 2 Amyloidogenesis and most of the changes seen in AD, such as
inflammation, brain cell atrophy, immunological aberrations, altered gene expression and
cognitive deficits are also known to be a result of microbial infection. >3

New scientific evidence appears to strengthen the view that the initiating event in AD
is related to the abnormal processing of the beta-amyloid (AB) peptide, ultimately leading to
the formation of A B plaques in the brain. °! However, the cause of the amyloid - B (AB)

imbalance is still an open question in the pathogenesis of AD.
1.3 Genetic polymorphisms
1.3.1 Single nucleotide polymorphisms

Single nucleotide polymorphisms (SNPs) are single base pair positions in genomic
DNA. By definition, the allele frequency of SNP variants is less than 1 %. SNPs could be bi-,
tri-, or tetra-allelic polymorphisms. > The frequency of single base differences in two
equivalent chromosomes is 1/1000 basis pair (bp). *° % 5" The rate of nucleotide difference
between two randomly chosen chromosomes is an index called nucleotide diversity. > Here,
1/1000 bp means that there is on average a 0.1% chance of any base being heterozygous in an
individual. > SNPs may also occur on coding and non-coding regions of the genome. > In the
coding regions of the genes, they play an important role of the known recessively or
dominantly inherited monogenic disorders. SNPs in the regulatory regions of genes might
influence the risk of common disease, such as the apolipoprotein E and the factor V Leiden

mutations. * % Most SNPs are located in non-coding regions and these have an unknown
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effect on the phenotype of an individual. These kinds of SNPs are routinely applied in

population and evolutionary studies. 5! 62

1.3.2 Copy number polymorphisms

Copy number polymorphisms (CNPs) or copy number variations (CNVs) are defined
as a DNA segment which is 1 kb or larger and they are present with a variable copy number
relative to a reference genome. % CNPs may be simple in structure, such as tandem
duplication, and they may contain complex benefits or losses of homologous sequences at
multiple sites in the genome. % CNPs influence gene expression, phenotypic variation and
adaptation. % ® CNPs may cause diseases such as microdeletion and microduplication

disorders 87 % and increase the risk of contracting complex diseases.
1.4 Associated polymorphisms with leukoaraiosis and MS
1.4.1 Leukoaraiosis and MTHFR A1298C variant

The methylene tetrahydrofolate reductase (MTHFR) enzyme is essential for DNS
synthesis and methylation. Gene polymorphisms of the enzyme increase the risk for birth
defects, different types of cancers and neurological diseases. ©° MTHFR is a regulatory
enzyme in folate metabolism and catalyses the conversion of 5,10-methyltetrahydrofolate to
5- methyltetrahydrofolate. " The MTHFR gene is located at 1p36.3. > The MTHFR gene has
two SNPs (C677T and A1298C), which are associated with reduced enzyme activity and arise
from an elevated plasma homocysteine level. Hyperhomocysteinemia is a key vascular risk
factor as well.

The principal genetic factors of LA pathogenesis are the methylene tetrahydrofolate
reductase (MTHFR) C677T variant, the angiotensin-converting enzyme (ACE) 1/D and the
apolipoprotein E (APOE) 2 or 4 polymorhisms. ** 1® The MTHFR C677T polymorphism in
combination with the ACE D allele is associated with a higher risk for LA. * MTHFR
A1298C has been postulated as a vascular risk factor, and it can increase the risk of
predisposition to LA or modify the development of LA. 2

1.4.2 Leukoaraiosis and mitochondria

Chronic hypoperfusion seems to play a crucial role in the development of vascular
demyelinisation. The neurons and the glia cells have an energy deficit due to the ischemia.
The function of the mitochondria (MIT) may be damaged during the chronic hypoperfusion

period by the intracellular electrochemical changes (changes in the normal polarisation of the



15

glia cells and neurons, reversions in the intracellular pH and cation concentrations). The
damaged MIT is unable to carry out the well-organized production of energy for the cytosol.
Despite this, mutations of the mitochondrial DNA or tRNA trigger a quality malfunction in
the affected mitochondria. The absolute number of mitochondria is in all likelihood essential
for the neuron and glia cells. ™ In clinical studies, direct data cannot be readily obtained.
However, the number of mitochondria in other tissues, which are functionally continually
connected with brain tissue, may be informative. The white blood cells, for example, circulate
and communicate with the brain tissue all the time. Their energetic storage may be important
for the maintenance of the brain, since they act as a scavenger of the free radicals; and they
also undermine the integrity of the neurovascular system of the brain. The white blood cells,
vascular cells and brain tissue all most likely act in unison. However, there is almost no data
regarding the segregation of the number of mitochondria among the different cell types. The
absolute number of mitochondria in the white blood cells may provide an indication of the
absolute number of mitochondria in the given individual.

With this in mind, we examined whether the number of mitochondria in the white
blood cells are associated with the development of LA. Besides genetic heterogeneity of the
mitochondrial DNA, there exist two big types of mitochondrial DNA; namely one with D-
loop sequences and one without them. The former is called mitochondrial DNA (mDNA),
while the latter is actually a mitochondrial DNA with a large and common deletion of 123-
1256 bp (dmDNA). This deleted mitochondrial DNA appears to malfunction in some

unknown way.
1.4.3 Multiple sclerosis and human beta defensins

Defensins are the largest family of antimicrobial peptides (AMPs). Defensins and
defensin-like proteins are quasi universal participants in host defence against infection. "
Defensins are small cysteine-rich peptides that can be classified as either a-defensin or f3-
defensin, depending upon the arrangement of six critical cysteine residues. " Defensins work
actively against Gram-positive and —negative bacteria, viruses (adenovirus, herpes virus,
influenza virus, cytomegalovirus, HIV and fungi. "® The most frequently studied antimicrobal
peptides are the human B-defensins (hBDs). /" The B-defensins comprise the largest group,
with around 40 members encoded in the human genome. ® The majority of studies to date
have focused on HBD1 and HBD2. Human B-defensins are produced by epithelial cells of the
skin, gut, respiratory and urogenital tissue. HBDL1 is also expressed by leukocytes. HBD1 has

been observed in human astrocytes and microglia cells. ”® Furthermore, epithelial cells, the
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expression of HBD2, has been detected in human monocytes, macrophages, and dendritic
cells. 8 Astrocytes may provide alternative ways of local HBD2 synthesis in the brain. ’® The
generally synthesized defensins as AMPs may protect the brain against bacterial or virial
infections and defensins, and have immunomodulatory functions.

Defensin genes have been mapped to 8p22-p23. 8 In this case, two types of genetic
polymorphisms have been identified in genes encoding defensins, copy number
polymorphisms (HBD2 encoded by the gene DEFB4) and single nucleotide poymorphisms
(HBD1 encoded by the gene DEFBL1). Three frequent SNPs at positions G-20A (rs11362), C-
44G (rs 1800972) and G-52A (rs1799946) in the 5’-untranslated region (UTR) of DEFB1
have been described. 82 8

The B-defensins are found to be impaired in many inflammatory diseases, including
Crohn's disease, psoriasis, pulmonary inflammation 8¢ ®  and periodontal disease. % B-
defensins have been hypothesised to play a role in the etiology of neurodegeneration with a
focus on traumatic brain injury, which is a risk factor for AD. & The role of HBDs genes as

potential modifiers in MS had not been hypothesised previously.
1.4.4 Alzheimer’s disease and human a- and f- defensins

New findings strengthen the hypothesis that the initiating event in Alzheimer's disease
(AD) is related to the abnormal processing of the beta-amyloid (A B) peptide, ultimately
leading to the formation of A B plaques in the brain. 4’ However, the precise cause of the
amyloid - B (A B) imbalance is still an unresolved question in the pathogenesis of AD.
Recently, a hypothesis was put forward that brain infections with bacteria or viruses may play
an initiating role in amyloid plague formation and the development of AD. *® This had led
some scientists to take more seriously the potential contribution of pathogenic microbes to
ageing and AD. In particular, most of the changes observed in AD, such as inflammation,
brain cell atrophy, immunological aberrations, amyloidogenesis, altered gene expression and
cognitive deficits are also viewed as a consequence of microbial infection. The inflammatory
response to an infection may indirectly lead to an upregulation of amyloid production, thereby
initiating the amyloid cascade. *° It is suspected that neuropathological alterations might be
associated with abnormal expression and the regulatory function of antimicrobial peptides
(AMPs), including defensins. *° 5! It is worth mentioning that AMPs in general are able to
cross the blood-brain barrier (BBB). Apart from their natural antimicrobial effects, AMPs also
trigger immunostimulatory effects, including the upregulation of TNF-a, IL-8, and

chemoattraction. An overproduction of defensins as AMPS might be a consequence of
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previous infections, or even the alteration of the microbiome. This is why we hypothesise that,
based on existing literature, *° an upregulation of the production of defensins as AMPs might
trigger the aggregation of amyloid in the brain. Human B-defensins have been hypothesised to
play a role in the aetiology of neurodegeneration with a focus on chronic inflammation-
associated brain injury, which is a risk factor for AD. 2

Human a-defensins include human neutrophil peptide 1-4 (HNP1-4) and intestinal
human defensins (HD-5 and HD-6) produced by Paneth cells. Besides the antimicrobial
effects, alpha defensins display chemotactic activity and induce proinflammatory cytokines. &
8990 Neutrophil granulocytes are considered to be the main cellular origin of a-defensins here;
and HNP 1-3 comprise 30%-50% of the granule proteins. HNPs may be released into the
extracellular milieu following granulocyte activation as a consequence of degranulation,

leakage, cell death, and lysis during inflammation. 3
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2. AIMS OF THE STUDY

An investigation of various genetic polymorphisms in leukoaraiosis and multiple sclerosis,
which have a multifactorial origins.

This is involved examining:

e The methylene tetrahydrofolate reductase (MTHFR) A1298C genetic variant in

patients with leukoaraiosis;

e The absolute number of mitochondria in patients with leukoaraiosis;

e The role of human beta-defensisns-1 and -2 (HBD1, HBD2) in MS: the relevance of
the SNPs of the DEFB1 gene and the copy number polymorphism of the DEFB4

genes in multiple sclerosis.

e The role of defensin -2 and a defensins (HNP 1-3) in Alzheimer’s disease.
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3. MATERIALS AND METHODS
3.1 Patients and controls

Control subjects and patients gave their informed consent to their participation in our
studies and the local ethics committees (Human Investigation Review Board of Pandy
Kalman County Hospital in Gyula, Hungary, Human Investigation Review Board at the
University of Szeged) approved it. All controls and patients were of Hungarian ethic origin

and resident in Hungary.

3.1.1 MTHFR A1298C variant and the absolute number of mitochondria in the patient group

with leukoaraiosis and controls

Leukoaraiosis was defined by Fazekas et al. as irregular periventricular
hyperintensities extending into the deep white matter in T2 weighted MRI scans (grade 3) and
deep white matter hyperintense signals with initial indications of confluence of the foci or
with large confluent areas in the T2 weighted MRI scans (grade 2-3). %

The MTHFR A1298C study population comprised 198 LA patients with a mean age of
64.9 £ 9.23 years (105 women and 93 men). The patients were diagnosed and recruited from
the Department of Neurology of the Pandy Kalman County Hospital in Gyula. In contrast, the
controls consisted of 235 neuroimaging alteration free subjects (127 women and 108 men, age
54.7 £ 12.8 years). They were randomly selected from the Pandy Kalman County Hospital
practice register subject to the proviso of having negative brain MRI scans. The clinical risk

factors were registered in Table 2.

Clinical features LA group (n=198) Control group (n=235)
Sex (females/males) 105/93 127/108
Age (years) 64.9+£9.23 54.7£12.8
BMI (kg/m?) 243423 24.6+1.98
Cholesterol (mM) 5.41+1.32 5.12+1.34
Triglycerides (mM) 1.45+1.59 1.38+0.96
Hypertension 69.7 % 18.7 %
Diabetes mellitus 152 % 13.2 %
Smokers 152 % 11.9%
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Drinkers 6.1% 4.3 %

Ishaemic heart disease 10.1 % 6%

Table 2. Clinical and laboratory data on patients and control subjects

The mitochondria study group consisted of 234 LA patients (123 women and 111 men,
age 71.6 £ 10.8 years) and 123 MRI alteration — free controls (65 women and 58 men, age
59.4 + 8.62 years). Once again, the patients and controls were recruited from the Pandy

Kalman County Hospital in Gyula, Hungary. The relevant clinical data is listed in Table 3

below.
Clinical features LA group (n=234) Control group (n=123)
Sex (females/males) 123/111 65/58
Age (years) 71.6£10.8 59.4+8.62
BMI (kg/m?) 24.6+2.33 24.4+3.42
Cholesterol (mM) 5.91+1.24 5.52+1.56
Triglycerides (mM) 1.48+0.91 1.50+0.82
Hypertension 46.6 % 22.0 %
Diabetes mellitus 17.9% 4.88 %
Smokers 29.9 % 28.5 %
Drinkers 12.0 % 9.0%

Table 3. Characteristics of patients and control subjects
3.1.2 Human beta defensins in patients group with multiple sclerosis and controls

The study included 250 MS patients. The population in question contained 250 RR
(relapsing remitting) and 53 SP (secondary progressive) persons with a mean age of 44.23 +
13.02 years. Patients were diagnosed and registered at the Department of Neurology at the
University of Szeged and Department of Neurology of the Pandy Kalman County Hospital in
Gyula. Here, the criterion was applied in the diagnosis of clinically definitive MS. 2 The RR
type was described as the presence of exacerbations followed by complete or partial
remissions. The SP form was defined as the presence of a gradual onset of the disability

lasting six months or more, with or without relapses, in subjects who - before the progressive
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phase - had exhibited an RR course. 3 The clinical classification was also supported by the
MR criteria. % #* MRI protocols were established in accordance with the European Concerted
Action Guidelines. ** The expanded disability status scale score (EDSS) for the study
population ranged from 0 to 8 (mean, 3.37 + 1.94) with a disorder duration of less than 1-20
years (mean, 8.83 + 2.16 years). All patients gave their informed consent to participate in the
study, and the local ethics commitees — Human Investigation Review Board at the University
of Szeged Albert Szent-Gyorgyi Medical and Pharmaceutical Center and the Human
Investigation Review Board of Pandy Kalman County Hospital in Gyula — gave prior
approval to the study. The control patients comprised 232 age and gender-matched healthy
blood donors, while the control group was selected from blood donors at the Regional Center
of the Hungarian National Blood Transfusion Service in Szeged, Hungary. Statistical data

concerning the MS patients and controls is given in Table 4 below.

Clinical Relapsing- Secondary Overall MS Controls
parameters remitting MS progressive MS (n=250) (n=232)
(n=197) (n=53)
Sex 49/1148 16/37 65/185 168/64
(males/females)
Age (years, 45.7+14.5 56.75+12.68 4423+13.02 | 46.8+11.98
means, SD)
Disease duration 10.36+10.02 7.3+4.7 8.83+2.16 Not relevant
(years, means,
SD)
EDDS score 2.36+1.48 5.5£1.39 3.37£1.94 Not relevant
(means, SD)

Table 4. Statistics for the MS patients and controls
3.1.3 Human a- and f- defensisn in Alzheimer’s group and controls

The study included 206 AD patients (69 men and 137 women, the average age and
standard deviation (S.D.) was 76.42 + 4.21 years, and the average onset was at 65 years of
age. A clinical diagnosis of AD was established by an initial evaluation via careful history
taking (personal and family histories), neurological and psychiatric examinations, along with
the assessment of psychometric tests to confirm cognitive impairment. In addition, a brain CT
scan or MRI was performed in each case, and in some cases SPECT was performed to rule
out other possible neurological disorders. Routine laboratory processing involving the

determination of thyroid hormone levels was also carried out. Each participants fulfilled
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criteria outlined in the Fourth edition of the Diagnostic and Statistical Manual of Mental
Disorders (DSM-IV, 1994) and seemed to have AD based on the criteria of NINCDS-
ADRDA. ° % The cognitive evaluation of AD patients was performed using the AD
Assessment Scale — Cognitive Subscale (ADAS-Cog) * 77, the Mini-Mental State Exam
(MMSE) ¥ %8 and the Clock Drawing Test (CDT). * To exclude pseudodementia caused by

depression, a patient’s mood was scored via the Beck Depression Inventory 1%

,which might
be too restrictive 1, but only patients that had fewer than 12 BDI scores were included in the
study. The control group comprised 250 age and sex matched healthy volunteers (92 men and
158 women, average age = S.D. 72.69 + 6.82 years) with normal cognition (MMSE score
higher than 28)recruited from the Regional Center of the Hungarian National Blood
Transfusion Service and the Department of Neurology at the University of Szeged (2010
January - December 2014).

All the cases and controls were of Hungarian ethnic origin. Informed consent was
obtained from all the patients or responsible guardian in the case of incapacity and controls.
When conducting our experiments with the patients, we followed the guidelines of the Patient
Right’s Protection Act of our institutions and international laws.

The local Ethics Committee of the Hungarian Investigation Review Board also gave prior
approval of the study.

3.2 Genotyping procedures
3.2.1 DNA isolation

Genomic DNA was extracted from 200 ul of peripheral whole blood anticoagulated
with EDTA. Here, two kinds of leukocyte DNA extraction were applied. One type of DNA
isolation was the desalting method devised by Miller et al. 1% The other method was DNA
extraction with the High Pure PCR Template Preparation Kit (Roche Diagnostic GmbH,
Mannheim, Germany, Cat.No: 1796828) and the manufacturer’s instructions were adhered to.
The DNA concentration was measured with a Qubit fluorometer (Invitrogen, Carlsbad, USA).

Afterwards, the genomic DNA was then stored at -20 °C until needed.
3.2.2 Determination of MTHFR A1298C variant in leukoaraiosis

The genetic variants of MTHFR A677T and A1298C were identified by using a
LightCycler probe system. 2! The amplification mix contained the following ingredients: 1 pl
of sample DNA, 1 ul buffer (Light Cycler DNA Master Hybridization Probes 10X Buffer,
Roche), 3 mmol/l MgCl, 2% dimethyl-sulphoxide, primers and probes listed in Table 5, with
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a total volume of 10 pl per single tube reaction. The assay conditions were 90 sec at 94 °C,
and 40 cycles of 94 °C for 10 sec, and 50 °C for 10 sec and the elongation (72 °C for 10 sec).
The next step was a melting point analysis in the F2 channel (640 nm) of the MTHFR A677T

variant. The melting point of the A677T mutant allele was 67 °C and the wild type was 69 °C

(Figure 5). The A1298C polymorphism was measured in the F3 channel at 705 nm. Here, the

melting points of the wild type and the mutant allele were 54 °C and 58 °C, respectively

(Figure 6).
Name Sequence Notation Concentration
(nmol/l)
MTHFR C677T mutation
MTHFR-for TgA Agg AgAAgg TgT X=LC-Red640 0.1
C XT gCg ggA
MTHFR-rev Agg Acg gTg Cgg TgA - 0.5
9Ag Tg
MTHFR-probe AgC AgC gTg ATg ATg 3’Fluorescein 0.2
AAATCggCT CC-
Fluorescein
MTHFR A1298C mutation
MTHFR2-for 8 CTT Tgg ggA gCT gAA - 0.1
ggACTACTAC
MTHFR2-rev 88 CACTTT gTgACC - 0.1
ATTCCggTT Tg
MTHFR2-probe % CTTTCTTCACTg 3’Fluorescein 0.1
gTC AgC-Fluorescein
MTHFR2-anchor 2 LCRed705-CCT CCC 5’LCRed705 0.1

CCCACATCTTCA
gC-Phosphate

3’Phosphate

Table 5. Primers and probes of the MTHFR C677T and A1298C mutations




24
04
03
02

01 - '/'

Fluorescence -d(F2)/dT

0 === v - P o -

-0,1 T T T T T T T T T T T T T T T T |
400 420 440 460 480 500 520 5S40 560 580 600 620 640 660 680 700 720 740 760

Temperature (°C)

Figure 5. Examination of MTHFR C677T variants. The dotted line represents CC677, the

continuous line represents C677T, and the dashed line represents 677TT.
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Figure 6. Examination of MTHFR A1298C variants. The dotted line represents AA1298, the

continuous line represents A1298C, and the dashed line represents 1298CC.
3.2.3 Determination of the absolute number of mitochondria per cell in leukocyte cells

The TagMan real-time PCR assay, specially designed for the amplification of
mitochondrial (m) and deleted mitochondrial (dm) DNA, was carried out using a specific set
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of primers and probes (MDNA forward 5’-ATG GCC AAC CTC CTA CTC CTC ATT-3’;
reverse 5’-TTA TGG CGT CAG CGA AGG GTT GTA-3’ and a HEX-labeled probe 5’-
[HEX]CGC AAT GGC ATT CCT AAT GCT TAC CG[TAM]; dmDNA forward 5’-ACA
CAA ACT ACC ACC TTT GGC AGC-3’; reverse 5’-TTC GAG TGC TAT AGG CGC TTG
TCA-3’ and a FAM-labeled probe 5’-[6FAM]ACG AGG AAT ACC TTT CCT CAC AGG
TTT CT[TAM]). Quantitative mt and dmt DNA amplification data were normalised to
GAPDH [ROX-labelled GAPDH (Sigma-Aldrich®)] as an internal reference gene, which was
coamplified simultaneously in a single-tube assay. The primers and probes were all obtained
from Sigma-Aldrich®. Thermal cycling was performed on a Bio-Rad CFX96TM Real-Time
PCR system. Here, amplification reactions (10 ul each) were performed in duplicate with 1 pl
of template DNA. The amplification mix contained the following ingredients: 5 ul of iIQTM
Multiplex Powermix (Bio-Rad, USA), 0.4 ul of each primer, 0.1 pl of each fluorogenic probe,
1.3 pl of RNase and DNase-free water (Fermentas, Vilnius, Lithuania), and 1 pl of sample
DNA, in a total volume of 10 ul per single tube reaction. The assay conditions were 3 min at
95 °C, and 44 cycles of 95 °C for 10 sec and 60 °C for 45 sec. The quantification was

evaluated using the comparative CT (Threshold Cycle) method. 1%
3.2.4 Determination of the DEFB1 SNPs in multiple sclerosis

Human B-defensin 1 (DEFB1) — Genotyping was carried out using Custom TagMan®
SNP Genotyping Assays (Applied Biosystems, Foster City, CA, USA). Fluorogenic minor
groove binder probes were utilised for each case using the dyes-6-carboxy-fluorescein FAM
(excitation 494 nm) and VIC (excitation 538 nm): DEFB1 polymorphisms: c.-20G > A
(rs11362) Applied Biosystems code c_11636793_20, DEFB1 c.-44C > G (rs1800972)
c_ 11636794 10, and DEFB1 c.—52G>A (rs1799946) ¢ 11636795 20. Thermal cycling was
performed on a Bio Rad CFX96™ Real-Time PCR system. The amplification mix contained
the following ingredients: 6 pl of Maxima® Probe/ROX qPCR Master Mix (Fermentas,
Vilnius, Lithuania), 0.3 pl of primer-probe mix, 5.1 ul of RNase and DNase-free water
(Fermentas, Vilnius, Lithuania), and 1 pl of sample DNA, in a total volume of 11.4 ul per
single tube reaction. The assay conditions were 10 min at 95 °C, and 40 cycles of 95 °C for 15
s and 60 °C for 1 min. Each 96-well plate contained 93 samples of an unknown genotype and
three reactions with reagents, but no DNA. DNase-free water was used as the non-template
control. The initial and post assay analyses were performed using the Bio Rad CFX96™ Real-

Time system Precision Melt Analysis™ software package.
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3.2.5 Determination of the DEFB4 gene copy number in multiple sclerosis

The determination of the DEFB4 Gene Copy Number — A TagMan real-time PCR
assay, specifically employed for the amplification of genomic DEFB4, was performed using a
specific set of amplification primers (forward 5’-TGAAGCTCCCAGCCATCAG-3’; reverse
5’-TATTTCCCTGGCCCATCTCA-3> and a  VIC-labelled probe 5°- VIC-
ATCTCCTCTTCTCGTTCC-MGB). Quantitative DEFB4 amplification values were
normalised to ABL [FAM-labelled albumin (Applied Biosystems, Cat. No. 4331182)] as an
internal reference gene, which was added to each single tube. The primers and probe of
DEFB4 were designed using Primer Express 3.0 (Applied Biosystems). The probes were
purchased from Applied Biosystems, while the primers were obtained from Invitrogen
(Carlsbad, CA, USA). Real-time PCR was carried out using the Bio Rad CFX96TM Real-
Time PCR system. The amplifications were performed in triplicate with the Maxima® Probe
/ROX gqPCR Master Mix (Fermentas, Vilnius, Lithuania), 20 ng of template DNA, 300 nM
per primer and 200 nM of each fluorogenic probe. The steps of thermal cycling were 10 min
at 95 °C, and 40 cycles of 95 °C for 15 s and 60 °C for 1 min. The quantification was

evaluated using the comparative CT (Threshold Cycle) method. 1%
3.2.6 The determination of the DEFB4 gene copy number in AD patients

A TagMan real-time PCR assay, specially designed for the amplification of genomic
DEFB4, was performed as described previously. %4 Put briefly, quantitative DEFB4
amplification data was normalised to ABL [FAM-labelled albumin (Applied Biosystems, Cat.
No. 4331182)] as a standard reference gene that is actually present only in 2 copies in the
genome. The reference gene was used as an internal standard 1% and added to every single
tube. Once again, the quantification was evaluated by applying the comparative CT
(Threshold Cycle) method. 1%

3.3 ELISA procedures
3.3.1 Plasma levels of HBD2 with Capture ELISA in multiple sclerosis

ELISA of hBD2 (Alpha Diagnostic San Antonio, TX, USA) was used to test for the
occurrence of the human B-defensin 2 peptide in the plasma of controls and patients, based on
the manufacturer’s recommendations. Here, the detection limit of the hBD2 ELISA Kit was
0.8 pg hBD2 protein/ml.
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3.3.2 Human cerebrospinal fluid (CF) collection for defensin ELISA in AD

The CF samples used in this study were derived from patients undergoing a lumbar
puncture in the L4-L5 vertebral interspace. All the procedures were conducted in the morning
and all the samples (12 mL) of CF taken from each patient and control subjects were collected
into polypropylene tubes. These samples were then transferred to the laboratory at -20 °C
within 1-2 hours, and each CSF sample was divided into aliquot and frozen to minimise any
metabolic damage. A routine laboratory investigation was performed and the remainder of the
samples were stored at -80 °C until needed.

Ethical permission for lumbar puncture was also obtained from the Ethics Committee
of the University of Szeged, Hungary, where written informed consent was required for all
probands (permit no. 184/2012).

3.3.3 ELISA of human p-defensin 2 (hBD2) in AD

ELISA of hBD2 (Alpha Diagnostic San Antonio, TX, USA) was used to test for the
occurrence of the human B-defensin 2 peptide in the sera and in the CF of controls and
patients, based on the manufacturer’s recommendations. Here, the detection limit of the hBD2
ELISA Kit was 0.8 pg hBD2 protein/ml.

3.3.4 An assay of the HNP 1-3 concentrations in AD

The HNP1-3 concentrations in sera and in the CF were determined by ELISA (Hycult-

Biotech HK324, Uden, The Netherlands) based on the recommendations of the manufacturer.
3.4 Statistical analysis
3.4.1 A statistical analysis of the MTHFR A1298C variant in leukoaraiosis

The clinical data was expressed as means + SD, where appropriate. The differences
between the clinical parameters in the stroke group and the controls were assessed via the y2-
test or the Mann-Whitney test, where appropriate. As a first step, we analysed whether the
MTHFR A1298C variant was a risk factor for LA. Since MTHFR C677T was not found to be
an independent risk factor for LA in our earlier study, an analysis of the distribution of the
C677T variant was not our primary goal. However, as a second step, we investigated whether
the presence of the C677T variant had a modifying effect if it occurred in combination with
the MTHFR A1298C variant. The frequencies of the genetic variants were then compared
with the y2-test. After performing a univariate statistical analysis, we carried out logistic

regression calculations in order to discover differences between the LA subjects and the



28

controls. Logistic regression analyses were performed using the statistical package SYSTAT
10 (Chicago, USA) for Windows.

3.4.2 A statistical analysis of absolute mitochondrial number in laukoaraiosis

The number of mDNA and dmDNA per white blood cell in the LA group were
compared with those in the control group using the two-paired T test. In order to make the
comparison more sensitive biologically, the mathematical difference between the number of
mDNA and mdDNA per cell was divided by the sum of the number of mMDNA and dmDNA
per cell in the same individual. This calculated ratio gave the weight of uncompensated
dmDNA per cell, which was called the K ratio. In the equilibrium state, K= number of
MDNA--number of dmDNA / the number of mDNA + number of dmDNA. The K values
were compared statistically between the LA and control groups by means of the two-paired T-
test. An univariate statistical analysis was followed by a logistic regression comparison
involving the age, hypertension, diabetes mellitus (for the LA and control groups) and K

values.
3.4.3 A statistical analysis of human beta defensins in multiple sclerosis

The significance of the genotype frequency was analysed via the chi-square test and
the Fischer test. Here, the level of significance was p < 0.05. The genotype frequencies of
SNPs were tested for deviation from the Hardy-Weinberg equilibrium via the chi-square test,
with one degree of freedom. Plasma levels of human B-defensin 2 were expressed as medians
with the Mann-Whitney test. The group means were then discriminated via the ANOVA test
and then Bonferroni’s multiple comparison tests was applied.

The GraphPad prism 5 statistical program was utilised in all the statistical calculations
(GraphPad Software Inc. San Diego, CA, USA).

3.4.5 A statistical analysis of o- and - defensins in Alzheimer’s disease

The significance of the genotype frequency was analysed via the Mann-Whitney test.
Here, the level of significance was p < 0.05. The levels of human (-defensin 2 and HNP 1-3
in the sera and in the cerebrospinal fluids (CF) were expressed as mean + SEM, and the
significance was determined using the Student unpaired t-test. The GraphPad Prism 5
statistical program was again used to perform all the statistical calculations (GraphPad
Software Inc. San Diego, CA, USA).
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4.1 MTHFR A1298C variant in leukoaraiosis

The presence of the 1298C variant (heterozygous A1298C or homozygous 1298CC)
was found to be an independent risk factor for LA (54.1% vs 43.8%; adjusted OR, 1.6; 95%
confidence interval, 1.2-2.5; p <0.034). The presence of the heterozygous T677C or A1298C

variants did not increase the risk of contracting LA if they occurred by themselves. However,

the clustering of both heterogeneous variants in the same person created a slight risk of LA
(4% vs 0.4%; adjusted OR, 79.5; 95% confidence interval, 1.2-98.5; p <0.008; Table 6). Data
concerning the combinations of the two variants are given in tables 7 and 8 below.

Genotypes LA (n=198) Controls P Crude OD, 95 %
(n=235) confidence interval
MTHFR 8 (4%) 1 (0.4%) <0.008 79.5 (1.22-98.5)
A1298C +
Ce77T

Table 6. Synergistic interaction between the heterozygous MTHFR A1298C and C677T

genotypes
Genotypes MTHFR MTHFR MTHFR
1298AA A1298C 1298CC
MTHFR CC677 36 43 15
MTHFR C677T 71 41 1
MTHFR 677TT 25 1 2

Table 7. Distribution of the different genotypes among the control subjects
Genotypes MTHFR MTHFR MTHFR
1298AA A1298C 1298CC
MTHFR CC677 23 32 15
MTHFR C677T 46 49 3
MTHFR 677TT 22 8 0
Table 8. Distribution of the different genotypes among the LA patients
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4.2 Absolute number of the mithoconria per cell in leukocyte cells in leukoaraiosis

The frequency of hypertension in the LA group was higher than that in the controls.
Interestingly, the mDNA content and dmDNA content did not differ significantly between the
LA and control groups. After performing a logistic regression analysis, we found that the
calculated value of K for the LA group was significantly lower than that for the controls.
These logistic regression analyses were carried out in order to learn the differences between
the LA and controls with regard to the age, hypertension and diabetes mellitus. In this way,
we were able to minimise the confounding effects of these clinical factors, and their
association with the reduced number of mitochondria (LA: K 0.37, 95% CI 0.05; controls: K
0.48, 95% C1 0.076; p<0.001).

Genotypes LA group (n=234) Controls (n=123)
Number of non-deleted MIT per cell 5.5+0.45 5.4+0.5
(means+2SD)
Number of deleted MIT per cell 3.45+0.5 3.5+0.5
(means£2SD)
*K 0.37+0.03 0.48+0.003**

* Non-deleted mitochondrial DNA content per cell minus deleted mitochondrial DNA content
per cell divided by the sum of the contents of deleted and non-deleted mitochondrial DNA per
cell [K =(mMDNA — dmDNA) / (mnDNA + dmDNA)]

** p<0.001: the leukoaraiosis group was compared with the control group by means of the

two-paired T-test.

Table 9. Distributions of the number of deleted and non-deleted mitochondrial DNA per cell

in the leukoaraiosis and control groups
4.3 Human B —defensin 1 genotyping in MS

DEFBL1 c.-20G<A, DEFBL1 c.-44C>G, and DEFB1 c¢.-52G>A polymorphisms

The total numbers of MS patients in these genotyping experiments was 250 and the
control group contained 200 healthy members. The prevalence of the three genotypes of
DEFB1 and the controls subjects were found to be in accordance with the Hardy-Weinberg
equilibrium (DEFB1 c.-20G>A p= 0.677 and in the control group p= 0.912; DEFBL1 c.-
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44C>G p= 0.999 and in the controls p= 0.723; DEFB1 c-52G>A p= 0.657 and in the control
group p= 0.253, respectively).

The genotypic distributions of DEFB1 c.-20G<A, DEFBL1 c.-44C>G, and DEFBL1 c.-52G>A
polymorphisms are listed in tables 10, 11 and 12 below.

GG (%) GA (%) | AA(%) | ptest
Patients with MS 78 (31) 131 (53) | 41(16) 0.4106
(n=250)
Controls (n=200) 62 (31) 96 (48) 42 (21)

“chi square test vs. controls

Table 10. Distribution of DEFB1 ¢.-20G>A genotypes in MS patients

CC (%) CG (%) | GG (%) | ptest

Patients with MS 160 (64)++ | 80 (32) 10 4+ | 0.0002
(n=250)

Controls (n=200) 90 (45) 92 (46) 18 (9)

* chi square test vs. controls

+ Fischer test: p= 0.0317; OR= 2.384; Cl=1.074-5.288

++ Fischer test: p<0.0001; OR=0.465; Cl=0.318-0.680

Table 11. Distribution of DEFB1 c.-44C>G genotypes in MS patients

GG (%) GA (%) AA (%) 2 test”
Patients with MS 100 (40) 111 (44) 39 (16) 0.766
(n=250)
Controls (n=200) 80 (40) 84 (42) 36 (18)

“chi square test vs. controls

Table 12. Distribution of DEFB1 c.-52G>A genotypes in MS patients

In the genotype distribution no significant difference was found between the DEFBL1 c.-
20G>A and the controls (P= 0.4106). Similarly, in the genotypes no significant differences
were found between the DEFB1 c.-52G>A and the healthy subjects (P= 0.766). In the case of
the DEFB1 c.-44C>G polymorphism, in the genotype distribution there was significant
difference between the patient group and the control group (p= 0.0002; Table 11 and Figure
7).
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Figure 7. Distribution of DEFB1 c.-44C>G genotypes in MS patients and controls. Using the
Fischer test, both the frequency of GG (*P=0.0317; OR= 2.384; Cl=1.074-5.288) and the CC
genotypes (**p<0.0001; OR= 0.465; Cl= 0.318-0.680) vs. controls were found to be
significantly different.

4.4 Determination of the DEFB4 gene copy number in MS

The measurement of CN was performed in 250 patients in the MS group and in 232
healthy controls. Here, the range of copy numbers was found to be between 2 and 8 per
genome in the control group. Of these, four copies were the median number of the healthy
controls. The proportions of control individuals who carried the median (4), more than median
(>4), or less than the median (<4) number of copies were 39%, 33% and 28%, respectively.
For the patients with multiple sclerosis, the frequency distribution of the subgroups was
different from that of the control group (p= 0.002, Figure 2). Among the patients with MS,
43% had a lower (<4) copy number compared to that for the control subjects. The frequency
of a CN >4 was only 27% among the patents with MS and 33% among the controls. As we
can seen when the copy numbers were higher than 4 there was no statistical difference
between MS patients and control subjects. However, there was a lower frequency among
patients (27 %) than in the control subjects (33%) (see Figure 8).
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Figure 8. Distribution of DEFB4 gene CN in MS patients and controls. Applying the Fischer
test, the frequency of CN <4 between the MS group and the control subjects was found to be
significantly different (*p=0.0005; OR= 0.507; Cl= 0.3464 to 0.7413).

4.5 Plasma levels of hBD2

Samples of patients with MS and controls with known CNs of DEFB4 were used to
perform ELISA for hBD2 in order to determine whether the plasma levels of hBD2 varied
relative to the CN variation of the DEFB4 gene. The levels of human B-defensin 2 in MS
patients (n= 80) were significantly lower overall than those in the control subjects (n=50).
Here, the median levels of hBD2 in the patients were 150.6 + 12.71 pg/ml vs 262.1 + 23.82
pg/ml in the control group, with p<0.0001; Figure 9). The circulating level of human -
defensin 2 has a close correlation with the CN in the control group. And, similar to the
controls, the plasma levels were found to be significantly lower in the CN<4 group (135.3 +
25.49 pg/ml), compared to patients with copy numbers of 4 (173.7 £ 44.09 pg/ml). The
defensin levels, however, were not elevated in patients with CN>4 (148.9 + 31.21 pg/ml) (see

Figure 8).
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Figure 9. The median levels of hBD2 in the patients (**150.6 + 12.71 pg/ml) and in the
controls (¥262.1 + 23.82 pg/ml). The horizontal lines represent medians. Here, p < 0.0001
based on the Mann-Whitney test.

Figure 10. Plasma levels of hBD2 in MS and in control group with DEFB4 copy numbers of
<4, 4, >4. The values are means and SDs of the results for 50 samples in the control group and
80 samples in MS patients. The differences among group means were determined using the

ANOVA test (difference between patients and controls with p < 0.0001) followed by
















































































































































