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ABSTRACT:

Axonal damage is the main cause of irreversible neurological
complication in multiple sclerosis (MS). Neurofilaments (NFs) are
intermediate filaments are present in large amount in axons that
responsible for the radial growth of axons and the transmission of
electrical impulses. Serum phosphorylated neurofilament-heavy (pNf-H)

can be used as a marker to evaluate the presence axonal damage.
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Aim: To evaluate whether serum pNF-H levels are related to disease

severity and the disability in MS patients.

Subjects and methods: Study included 35 patients and 35 healthy
control. AIll Subjects were evaluated by history taking, general
examination, neurological evaluation and disability scoring by the
Expanded Disability Status Score (EDSS), Routine Laboratory
Investigations, measuring pNF-H levels and neuroradiological assessment

using Magnetic resonance image (MRI) to establish MS diagnosis.

Results: higher levels of pNF-H in MS patients compared to healthy
controls. The highest levels of proteins were in the secondary progressive
MS and these levels significantly correlated with disease severity
measured by EDSS.

Keywords: multiple sclerosis, axonal damage, neurofilament — H.
Introduction:

Multiple sclerosis is a chronic complex neurodegenerative disease
targeting the central nervous system (CNS) and thought to be
autoimmune in nature, characterized by the presence of local
inflammation, demyelination, gliotic scarring and axonal loss resulted
from autoreactive lymphocytes that pass the blood-brain barrier (BBB)
and enter the CNS (Huang et al., 2017).

The clinical presentation can include visual disturbance, lassittude,
mood disturbance, hemiplegia, paraplegia, parathesia and cognitive
affection.To diagnose a chronic neurological disease with severe
disability in young adulthood, is almostly devastating and unexpected
(Gresle et al., 2011).
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Axonal injury is proven to be the main cause of progressive
disability in MS (Kutzelnigg et al., 2005). The most commonly used
diagnostic and follow up method for MS are Magnetic resonance imaging
especially T1-weighted imaging, T2-weigheted imaging and Gadolinium
enhanced. Nowadays markers of axonal injury donot utilized as routine
laboratory investigations for diagnosis and evaluating in MS patients
( Sahraian and Eshaghi 2010).

An ideal marker of axonal damage should have many
charchteristics: it should be present in axons, it must be much enough so
can be detected after the significant dilution that occurs after release to
fluid compartments as CSF and serum, and it cannot be breaked down by

protease before or following release (Anderson et al., 2008).

The phosphorylated subunits of neurofilaments, the major structural
protein complexes of axon, meet these criteria. Neurofilament-H is a
major axonal cytoskeletal protein. After axonal injury, they are released
into the extracellular compartment and subsequently into the CSF and
serum thus analysis of CSF and serum pNF-H levels may provide a way
to estimate the extent of axonal injury in patients with MS (Massoud et
al., 2018).

Subjects and methods

This case—control comparative study included 70 subjects, The study
was accepted by Institution Review Board at Zagazig University. We
selected our patients from internal section and neurology clinic of
Zagazig University Hospitals from February 2016 to february 2018.
Thirty- five healthy individuals participated as a control group, selected

from general population through personal communication.
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(Patients group ) (group 1): 35 patients with clinically definite Multiple
Sclerosis. Data about age, sex, age of onest, disease duration, clinical
course of the disease, disability type and treatment, divided into,
subgroup 1a: Included 8 patients with first demyelinating event (FDE).
subgroup 1b: Included 14 patients with relapsing remitting multiple
sclerosis (RRMS).subgroup 1c: Included 8 patients Secondary
progressive multiple sclerosis (SPMS).subgroup 1d: Included 5 patients
primary progressive multiple sclerosis (PPMS). Controls group (Goup2):
35 healthy peoples age and sex matched and they are neurologically

normal during physical examination.

All participants should wrote an informed consent and the the research
ethical committee of Faculty of Medicine, Zagazig University accepted
this study. The work has been carried out in accordance with The Code of
Ethics of the World Medical Association (Declaration of Helsinki) for

studies involving humans.

Inclusion criteria:

Definite MS according to the 2010 revised McDonald diagnostic criteria
for MS (Polman et al., 2011).

Exclusion criteria: Patients have any other medical diseases

(neurological, immunological, cardiac, hepatic, and renal), previous head
trauma, pregnancy or transform patients (patients shifted from interferon

to fingilimod) were excluded from our study.
Laboratory Invesigations:

Routine laboratory invesigations : complete blood picture, Liver function
test and kidney function tests, Erthrocyte sedimentation rate, Fasting and

postprandial blood sugar and lipid profile.
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Special laboratory investigations: Serum phosporylated neurofilament-H
chain (pNF-H) levels from both patients and control groups were
analyzed using kit (EnCor Biotechnology Inc, Gainesville, Florida, USA)
in enzyme-linked immunosorbent assay (ELISA), according to the

manufacturer instructions (Boylan et al., 2009).
Statistical analysis

We used the Statistical Program for Social Science, version 24 (SPSS
Inc., Chicago, Illinois, USA) for analysis our data. We used meanxSD to
express quantitative data. Qualitative data were expressed as frequency
and percentage. The following tests were done ,Mann-Whitney U test
(MWT). We correlated our data by Pearson’s correlation coefficient (r):
Probability (P value): (a) considered significant if P value less than 0.05
was. (b) considered as highly significant if P value less than 0.001.(c)
insignificant when P value greater than 0.05 (Coolidge, 2012).

Results:

This case control comparative study included thirty five MS patients
, their age ranged between 19 to 61 years with M+ SD = 38.7 + 125

. 37.1% ( 13 patients) were males, 61.9% (22 patients ) were females

(table 1).

There was highly statistically significant difference in the serum
pNF-H levels between MS patients and controls (pNF-H levels in the

patients is significant higher than control group) (table 2).

There was highly Statistically significant difference in the serum levels

of pNF-H between MS subtypes the highest levels in the secondary
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progressive group ( Table3). There was direct correlation between serum
PNF-H levels, disease duration, EDSS (table 4, 5).

There was no significant difference in the serum levels of pNF-H as
regard the presence and absence of black hole sign in T1 figure(1). There
was significant difference in serum pNF-H between treated and non-
treated patients with the lowest levels in patients treated with fingolimod
(figure 2).

Discussion:

Our study included 35 patients, 8 patients with FDE (22.8%), 14
patients with RRMS (40%), 8 patients with SPMS (22.8%) and 5 patients
with PPMS (14.4%) and 35 healthy controls.

Our study included females more than males with 23 females and
12 male with a ratio 1.9:1. Our results are as the same results of previous
studies about MS which have shown high prevalence of MS in young
adults and females (Mc Combe and Greer 2013). Also in agreement
with an Egyptian multiple sclerosis multicenter registry study that
confirmed female dominance in MS (Sherif et al., 2017) with
female:male ratios of 2.14:1.0. In a previous study, in the Arab
countries,the female:male ratio varies widely in the Arab countries, eg,
from 0.8 in Oman to 4.3 in Saudi Arabia, and the overall estimate of
female proportion in MS patients was 0.67 (0.65-0.69) (Heydarpour et
al., 2015).

The immunoglobulins levels are higher in women than men and
during the peri-ovulatory period there is a decreased cell-mediated
immunity and natural killer (NK) cell activity. Also estrogen and
progesterone can modify interleukin-1 (IL-1) production in vitro. The
lymphoid cells or the thymic matrix contain cytoplasmic receptors for
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estrogens and androgens, this illustrate why these sex hormones can
modify the function of these organs and to interact with the immune

system and regulate it (Duquette et al., 1992).

The serum pNF-H was shown to be significantly higher in our MS
patients than controls (p<0.00). Neurofilaments, a major cytoskeletal
componant of neuronal cells, can be released into the cerebrospinal fluid
and serum in cases of axonal injury in different neurological diseases
such as multiple sclerosis. This finding is in line with another study found
that the level of pNF-H was higher in all MS subtypes patients than
control (Petzold, 2005). This result also in agreement with that of Kuhle
et al (2011) who stated that pNF-H levels were found to be higher in MS
patients in all disease stages compared to control. Also with Massoud et
al (2018) who found there was a highly statistically significant difference

in the levels of pNF-H in patients with MS when compared with control

group.

There is highly significant difference in the serum levels of pNF-H
between MS subtypes in our study (sig= <0.001), the highest levels of
neurofilament are in the secondary progressive group. This finding
indicate that the patients with SPMS have more CNS axonal injury
caused by inflammatory mechanisms. Detection of neurofilament and its
breakdown peptides within the serum can predict definitive axonal
damage and disease progression. These results are in line with the work
of Gresle et al (2014) who found that Patients with SPMS were had a
higher level of pNF-H more than RRMS and FDE patients. They
measured serum pNF-Hby ELISA in case with RRMS, SPMS, PPMS and
FDE they found that a higher level of pNF-H was in 9% of relapsing
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remitting and first demyelinating and 38.5% of secondary progressive

multiple sclerosis cases (Gresle et al., 2014).

Higher levels of neurofilament heavy chain in patients with more
progressive disease would imply a continuous neurofilament release and
thus reflect a severe irreversible neurodegenerative process in these

patients (Gunnarsson et al.,2011).

Also Petzold (2005) found that patients of all subtype of multiple
sclerosis have higher pNF-H with 1.5 fold higher for progressive
multiple sclerosis relative to relapsing remitting multiple sclerosis cases.
So that the ongoing neurodegenerative activity of multiple sclerosis
patients can be measured by phosphorylated neurofilament heavy chain
level which would make this protein a potential candidate for us as a
surrogate marker for assessment of treatment aimed at reducing axonal

damage.

This is in line with previous follow up study on MS patients, they
were followed up fifteen years. The patients with multiple sclerosis were
classified relapsing remitting MS and progressive disease, as significant
increase in neurofilament heavy chain from base line to follow up, was
revealed in a high percentage of patients with primary progressive
multiple sclerosis / secondary progressive when compared to patients
relapsing remitting multiple sclerosis. The marked increase of
neurofilament heavy chain levels implies that loss of neurological
function is a direct result of axonal injury and axonal damage is a gradual

cumulative process during the course of the disease (Petzold, 2015).

Massoud et al (2018) also assess pNF-H for all their patients , they
found that the mean level of pNF-H in RRMS group was 93.5+245.6,
with a range of 6.2-1130.5 and the mean level of PNF-H in SPMS group
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was 895.8+1003.7 with a range of 46.1-4000. There was a highly
statistically significant difference between the two groups and the

heighest level in patient with SPMS.

Our finding of a positive correlation between patient disability
measured by EDSS and pNF-H protein levels is in line with previous
study found that p-NFH levels correlated with EDSS scores in patients
with CIS and RRMS and during relapse, the correlation was most
prominent in RRMS during relapse (Kuhle et al., 2011). Also another
study found a positive correlation between patient disability and pNF-H
protein levels (Fialova et al., 2013). Massouad et al (2018) also worked
on the relation between pNF-H and expanded disability status scale, they
showed that the level of PNF-H significantly increased with the
progression of MS as measured by expanded disability status scale this

mean that we can depend on pNF-H for assessing disease severity.

In our study there was significant difference in serum pNF-H between
untreated patient (did not take disease modifying treatment yet) and
treated patients on disease modifying treatment (either fingilomod or
interferon), with the highest levels of pNF-H are in untreated group and

the lowest levels of pNF-H are in patients on fingilomod.

The first oral MS disease-modifying therapy was Fingolimod, and it
is the first drug to be targetting sphingosine-1-phosphate receptors,
compared to all previously approved MS therapies it has a fundamentally
different and validated molecular target. It is phosphorylated to its active
metabolite, Fingolimod -P. Fingolimod-P Fingolimod after passing the
blood brain barrier (BBB) into the CNS then bind with S1P receptors that

present on neuron, astrocyte, microglia and oligodendrocytes, also on
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vascular endothelial cells of BBB. Fingolimod has a direct CNS effects so
can decrease demyelination and promote remyelination. Results from
phase 3 trials of fingolimod indicate that the preservation of neural cells
and axons observed may be due to its efficacy on brain atrophy outcomes
in MS patients. There is increase the benefits to be used in non-relapsing
forms of MS because of its ability for direct CNS preservation effects
(Groves et al., 2013).

These results are in line with those reported by a previous study on
their work on neurofilament light chain they stated that neurofilament is
sensitive to treatment. Firstly neurofilament assessment, then after start
of study treatment at six months, they found that blood neurofilament
concentrations in placebo and IFN-B-la were significantly higher
compared in the fingolimod group and neurofilaments levels in patients
treated with fingolimod were approaching to levels in healthy control
(Kuhle et al., 2019).

AS regard as black hole sign, we reported no significance difference
in the level of pNF-H and presence or absence of black hole sign on T1.
This is in contrast to Massoud et al (2018) who found a significant
correlation between black holes and pNF-H level, which was significantly
increased in patient with SPMS. ‘Black holes’ nonenhancing lesions that
are present on T1-weighted sequences. We differ from them in having
only three patients with positive black hole sign but they had twenty three
patients. The formation and conversion rate of acute gadolinium-
enhancing lesions to chronic BHs is reduced by Both older and newer-
generation disease modifying therapy so its incidence decrease
(Marziniak and Meuth 2014).
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Hemond and Bakshi stated that 40%—-60% of the acute T1-hypointensities
associated with gadolinium-enhancing lesions within six to twelve
months will change to T1 isointense tissue and chronic black holes (BHS)
are the remaining lesions,typically present in the supratentorial areas,
these mean severe irreversible demyelination and axonal loss. The greater
the loss of axonal density and matrix destruction revealed by histological
correlation lead to more profound T1 hypointensity in the persistent BHs.
Longer duration of enhancement and larger lesions will have higher risk
for conversion from acute to chronic BHs, SPMS tends to show a higher

BHs overload compared to relapsing MS ( Hemond and Bakshi 2018).
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tabels

Table (1): Demographic data of our patients.

Group

MS

N=35

0,
Male 13(37.1%)

Gender
0,

Age 38.7+125

MS= multiple sclrerosis

This table shows that thirty five MS patients participated in our
study, their age range from 19to 61 with M £SD = 38.7 + 125.
37.5% (13 patients) are males. 62.5% (22 patients) are females.
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Table (2): Comparsion of Serum phosphorylated —heavy
neurofilament levels between patient group and control group.

MS CONTROL Total
Group MWT P
N | Median Range N | Median Range N | Median Range
pNF- 0.401- ) 0.261-
H 35| 0.887 12985 35| 0.575 | 0.261-0.669 | 80 | 0.629 12 985 6.9 | <0.001

(MWT) Mann-Whitney U test, MS= multiple sclerosis

pNF-H = phosphorylated - neurofilament heavy chain

Table (3): Comparison of serum phosphorylated - neurofilament
heavy chain levels according to multiple sclerosis subtype.

RR SP

0.9 (0.5-1.6) | 5.8 (1.1-12.3)

(KWT)Kruskal-Wallis test FDE-= first demyelinating event
PP =primary progressive MS RR= relapsing remitting MS
SP=secondary progressive MS

pNF-H = phosphorylated - neurofilament heavy chain
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Table (4) Correlations between serum phosphorylated -

neurofilament heavy chain level and Expanded disability status

scale.
pNF-H
MS
r P
EDSS 0.531 <0.001

r = Correlation Coefficient EDSS= expanded disability status scale

pNF-H= phosphorylated - neurofilament heavy chain

Table (5): Correlations between serum phosphorylated - neurofilament heavy chain level
and the disease duration

pNF-H

MS
r P

DD 0.657 <0.001

r = Correlation Coefficient EDSS= expanded disability status scale

DD= disease duration
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Figures

Figure (1): Comparsion of serum phosphorylated - neurofilament
heavy chain levels in multiple sclerosis patients as regard black hole
signin T1 MRI
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Figure (2): Comparison of serum phosphorylated-neurofilament
heavy chain levels in multiple sclerosis group as regard therapy
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