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ABSTRACT 

Background: Axonal injury is the main pathological correlate of 

progressive neurological disability in multiple sclerosis (MS). Serum 

phosphorylated neurofilament-heavy (pNF-H) might be useful marker to 

monitor axonal loss in MS, but we need to correlate its serum level with 

different disease parameters such as disease course, disa  bility and 

treatment effect.   

Aim: To asses whether serum pNF-H levels are associated with clinical 

and paraclinical measures of disease severity in order to validate this 

protein as a likely surrogate marker for axonal injury in MS patients. 

Subjects and methods: Study included 40 patients and 40 healthy 

control. All Subjects in this study were subjected to full history taking, 

general examination including Body mass index (BMI), neurological 

examination and scoring according to the Expanded Disability Status 

Score (EDSS), Routine Laboratory Investigations, measuring pNF-H 

levels and neuroradiological assessment using Magnetic resonance 

image ( MRI) to confirm the diagnosis of MS. 

Results: The serum levels of pNF-H peptide were higher  in MS patients 

compared to healthy controls. The higher levels are in the progressive 

subgroup and these levels were significantly correlated with EDSS, BMI, 

disease duration and age of the patients.  

Conclusion: The increase in pNF-H titer in MS 

patients and in the progressive subgroup together with 

the correlation of pNF-H levels with all clinical 

parameters suggests that cumulative axonal loss was 

responsible for sustained disability and that high 

PNF-H level may be used as an indicator of poor prognostic value. 

 Keywords: multiple sclerosis, axonal damage, neurofilament – H. 

INTRODUCTION 

Multiple Sclerosis (MS) is the commonest non-

traumatic disabling neurological disease affecting 

young adults. The incidence of MS and the 

socioeconomic impact of the disease are increasing 

worldwide. The cause of MS and mechanisms 

behind this increase remain unclear, although 

complex gene- environment interaction  may play 

a significant role [1]. 

The clinical manifestations can include visual 

affection, exhaustion, depression, 

hemiplegia,paraplegia, parathesia and cognitive 

impairment. Early symptoms began in young 

adulthood, a time when  diagnosis  of an 

unpredictable, chronic neurological disease with 

significant and progressive disability is almostly 

devastating and unexpected [2]. 

Moreover, axonal injury is recognized as the main 

pathological cause of progressive neurological 

deterioration in MS [3].  

At present markers for axonal injury are not used 

as routine investigations for monitoring disease 

activity in MS patients. Magnetic resonance 

imaging utilizing T2-weigheted imaging and 

Gadolinium enhanced T1-weighted imaging are 
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the most commonly used diagnostic and 

monitoring tool for MS [4]. 

Several studies are focusing now on the detection 

of neuronal/axonal proteins in  

cerebrospinal fluid (CSF) or blood as biomarkers 

of axonal injury. They are based on the concept that 

degenerating axons release their contents into the 

surrounding extracellular space and that some of 

these axonal components might be abundant and 

stable enough to be detected with appropriate 

assays. The detection of these components would 

provide useful means to assess the occurrence and 

degree of axonal degeneration in MS and this 

information could be useful for predicting and 

assessing the disease progression and for 

evaluating the efficacy of therapeutic strategies 

aimed for preventing axonal injury and loss [5, 6]. 

Neurofilaments (NFs) are the major building 

proteins of neurons. There are three major 

neurofilament protein subunits, (light NF-L 

medium NF-M and heavy NF-H) that form the 

cytoskeleton of the axon. light NF-L and NF-H  are 

released from damaged axons and easily  detected 

in CSF or serum by the enzyme- linked 

immunosorbent assay (ELISA)   methodology and 

the higher levels of both proteins are associated 

with worst  clinical outcomes [7]. 

SUBJECTS AND METHODS 

This case–control comparative study was 

conducted on 80 subjects; The study was approved 

by Institution Review Board at Zagazig University. 

Patients were recruited from internal section and 

outpatient clinic of Zagazig University Hospitals 

between the period February 2016 to february 

2018. fourty healthy individuals were participated 

as a control group, selected from general 

population through personal communication. 

Written informed consent was obtained from all 

participants and the study was approved by the 

research ethical committee of Faculty of Medicine, 

Zagazig University.  

(Patients group )(group 1):  40 patients with 

clinically definite Multiple Sclerosis. Data about 

age, gender, age of  onest,  duration, course of the 

disease, type of disability and the pharmacological 

treatment, divided into, subgroup 1a: Included 10 

patients with first demyelinating event (FDE). 

subgroup 1b: Included 16 patients with relapsing 

remitting multiple sclerosis (RRMS).subgroup 1c: 

Included 9 patients Secondary progressive multiple 

sclerosis (SPMS).subgroup 1d: Included 5 patients 

primary progressive multiple sclerosis (PPMS). 

Controls group (Goup 2): Forty healthy peoples 

with age and sex matching ,should be 

neurologically normal during physical 

examination. 

Written informed consent was obtained from all 

participants and the study was approved by the 

research ethical committee of Faculty of Medicine, 

Zagazig University. 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 [8].    

Exclusion criteria : Patients having 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.   

Patients were subjected to the following: 
Complete history taking, full general including 

BMI, neurological examination according to the 

sheet in our department and evaluated with  

Expanded Disability Status Scale for measuring 

disease sevirity.  

 Laboratory investigations: Both routine and 

special laboratory investigations were done at 

Clinical Pathology Department, Zagazig 

University Hospitals. 

Routine Laboratory Invesigations : complete blood 

picture, Liver and kidney function tests, Erthrocyte 

sedimentation rate, Fasting and postprandial blood 

sugar and lipid profile. 

Special laboratory investigations : Serum 

phosporylated neurofilament-H chain (pNF-H) 

levels of both patients and control groups were 

analyzed using The enzyme-linked immunosorbent 

assay (ELISA) kit (EnCor Biotechnology Inc, 

Gainesville, Florida, USA), according to the 

manufacturer instructions [9,10]. 

Statistical analysis 

Data were analyzed using Statistical Program for 

Social Science, version 24 (SPSS Inc., Chicago, 

Illinois, USA). Quantitative data were expressed as 

mean±SD. Qualitative data were expressed as 

frequency and percentage. The following tests 

were done,Mann-Whitney U test (MWT) 

Pearson’s correlation coefficient (r) test was used 

for correlating data: Probability (P value) (a) P 

value less than 0.05 was considered significant. (b) 

P value less than 0.001 was considered as highly 

significant.(c) P value greater than 0.05 was 

considered insignificant [11]. 

RESULTS 

This case control comparative study  included forty 

MS patients ,  their age ranged between  19 to 61  

years with  M  ± SD  =  38.7  ±  12.5 ,37.5% ( 15 

patients)  were males, 62.5% (25 patients ) were 

females (table 1).   
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The age of onset of the disease in patients group 

ranged  between 17 to 61 years old with  M ±  SD  

=  30.70 ±  9.51.Our patients manifested by various 

clinical presentation the most common 

presentation was motor disturbance (57.5%),  

followed by sensory manifestation (17.5%), 

followed by  vestibulocerebellar symptoms 

(12.5%),  followed by visual disturbance (7.5%) 

and lastly diplopia (5%). The disease duration 

ranged from 0 to 25 years with M  ± SD = 7.76  ± 

7.03 . The body mass index of patients M ± SD = 

24.21 ±   2.66. Among these patients, only one 

patient had positive family history (2.5 %). 

Evaluation of disese severity according to EDSS, 

thirty three patients (82.5 %) step 1.0 to 4.5 whom 

are fully ambulatory, seven patients (17.5%) step 

5.0 to 9.5 whom had  impairment to ambulation. As 

regards treatment twenty four patients (60%) under 

treatment (ten patients 41.6% are on fingilomod, 

fourteen on interferon 58.4% the other sixteen 

patients  did not receive specific   treatment  for MS 

apart from corticosteroid during the attacks (table 

1).   

There was  statistical significance difference 

between patients of different MS subtypes (FDE, 

PP, RR and SP) regarding BMI and EDSS and 

highly statistically significant difference regarding 

to  age and disease duration but there was no 

significant difference between them regarding to 

sex (figure 1). There is 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 ( Figure 2). There  was direct 

correlation between serum pNF-H levels and age 

of patients, BMI , disease duration ,EDSS and age 

of controls( table 3). There was  significant 

difference in serum pNF-H between treated and 

non-treated patients with the lowest levels in 

patients treated with fingolimod (figure 3).
 

Table (1): Demographic data of our patients  

MS = Multiple sclerosis 
 

Table (2): Clinical characteristic of the patients (N=40).  

Clinical data                                                SD or % ±M 

Age of onset range in years 

(M ±   SD) 

17 – 61 

 ( 30.70 ± 9.51)         

Clinical presentation 

Motor disturbance 

Sensory manifestation 

Vestibulocerebellar symptoms 

Visual disturbance 

Diplopia 

No 

23 

7 

5 

3 

2 

Disease duration range in years 

 ( M ±   SD) 

 0 – 25 

 ( 7.76  ±  7.03 )                               

Body mass index 24.21 ±   2.66                           

Family history                                

  Positive 

Negative 

 

1 (2.5 %) 

39 (97.5) 

EDSS 

EDSS steps 1.0  to 4.5 

EDSS steps 5.0 to 9.5                                        

 

33(82.5%) 

7(17.5%) 

Treatment 

 Treated 

Untreated ( not on modifying treatment)  

 

24  (60%) 

16 (40%) 

Treatment type 

Fingilomod 

Interferon 

 

10 (41.6%) 

14(58.4%) 

EDSS= Expanded disability Status Scale   MRI= Magnetic Resonance Imaging 

Clinical finding   MS Group 

 

N=40  
Gender Male 15 (37.5%)  

Female 25 (62.5%)  
Age 38.7 ± 12.5  
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Table (3):  Serum phosphorylated -heavy neurofilament levels in  patients group and controls group 

Group MS group Control group Total MWT P 

N Median Range N Median Range N Median Range 

pNF-

H 

40 0.887 0.401-

12.285 

40 0.575 0.261-

0.669 

80 0.629 0.261-

12.285 

6.9 <0.001 

MS= multiple sclerosis                   MWT= Mann-Whitney U test     pNF-H= phosphorylated neurofilament 

heavy chain 

 

Table (4) Correlations between serum phosphorylated - neurofilament  heavy chain  level and other 

studied parameters 

MS pNF-H 

r P 

Age of patients 0.531 <0.001 

BMI 0.479 0.002 

Diseae duration 0.657 <0.001 

EDSS 0.531 <0.001 

Age of controls 0.4045 0.009 

r = Correlation Coefficient    EDSS= expanded disability status scale 

BMI= body mass index         pNF-H=  phosphorylated - neurofilament  heavy chain         

 
 

 

 

 

 

 

 

 

 

 

 

 

 

FDE= first demyelinating event  PP= primary progressive MS 

SP = secondary progressive MS   RR= relapsing remitting MS 

EDSS= Expanded disability status scale   BMI=body mass index 

DD= disease duration 

Figure (1):  A comparison between the clinical  and demographic finding in different Multiple sclerosis 

subtypes 

   

 

 

 

 

 

 

 

 

 

 

 

FDE= first demyelinating event PP= primary progressive MS 

SP = secondary progressive MS   RR= relapsing remitting MS 

pNF-H= phosphorylated neurofilament heavy chain 

Figure (2): Comparison of serum phosphorylated - neurofilament  heavy chain levels according to multiple 

sclerosis subtype. 
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Figure (3): Comparison of serum  phosphorylated - neurofilament  heavy chain levels in  multiple 

sclerosis group as regards treatment ( fingilimod or interfreron) 
 

DISCUSSION 

Phosphorylated neurofilament heavy chain is an 

ideal biomarker of axonal loss because 1) it is 

resistant to proteases degradation before or 

following its release, 2) it is expressed specifically 

in axons 3) it is  abundant enough to be readily 

detectable after the significant dilution that occurs 

when it released into fluid compartments such as 

cerebrospinal fluid (CSF) or  serum. After axonal 

injury, pNF-H released into the extracellular 

compartment thus analysis of CSF and serum 

neurofilaments levels may provide a valuable tool 

to determine the extent of axonal injury in MS 

patients [12]. 

Our study included 40 patients along with 40 

healthy controls. This study included more females 

than males with  25 females and 15 male with a 

ratio 1.6 : 1. These results are similar with results 

of epidemiologic study about MS which have 

shown high prevalence of MS in young adults and 

females suggesting that hormones may play a 

significant role in determining susceptibility to MS 

[13]. 

Patients with FDE or RRMS were younger than 

those with SPMS or PPMS and had shorter 

duration disease than them. Accordingly, the 

median EDSS was higher in progressive forms of 

MS compared to  RRMS. The BMI is also higher 

in the progressive groups than the other ones.These 

results are in accordance with a previous study as 

regard age, disease duration and EDSS [14].   

In our study there was highly statistically 

significant difference in the BMI between our 

patients with the highest body mass index were for 

PPMS patient group (26.5) and the lowest BMI 

were for FDE patient group (22.5). The BMI was 

higher in the progressive group than relapsing 

remitting one. 

The serum pNF-H was shown to be significantly 

higher in our MS patients compared with controls. 

Neurofilaments, a major cytoskeletal constituent of 

neuronal cells, can be released into the 

cerebrospinal fluid and serum due to axonal injury 

in different neurological diseases such as multiple 

sclerosis. This finding is consistent with a study 

found that the level of pNF-H was higher in 

patients with all subtypes of MS than control [6]. 

This result also in agreement with another study 

found that pNF-H levels were higher in MS 

patients in all disease stages compared to control 

[15]. Previous study Massouda  and colleagues also  

found there was a highly statistically significant 

difference in the levels of pNF-H in patients with 

MS when compared with control group[16]. 

Our finding of a positive correlation between 

patient disability measured by EDSS and pNF-H 

protein levels is  in agreement with a previous 

study[15] who found that p-NFH levels correlated 

with EDSS scores in patients with  clinically 

isolated syndrome(CIS) and RRMS, the correlation 

was most prominent in RRMS during relapse. Also 

another study found a positive correlation between 

patient disability and pNF-H protein levels [17]. A 

previous study carried on the relation between 

pNF-H and EDSS showed that the level of pNF-H 

significantly increased with the progression of MS 

as measured by EDSS [16]. Axonal injury is 

recognized as the main pathological cause of 

progressive neurological deterioration in MS so 

that this positive correlation between pNF-H and 

disability validated this protein as a likely surrogate 

marker for axonal injury in MS patients [6]. 

We also demonstrated a positive correlation 

between pNF-H and the age of patients and we also 

found a positive correlation between pNF-H and 

the age of controls. Previous study described a 

weak correlation of pNf-H with age in patients with 
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MS while correlations for controls were not 

reported [18]. Also another study found 

correlations of pNf-H levels of disease groups with 

age were considerably stronger in their study and 

CSF levels of pNF-H increased with age in controls 

and CIS this effect was less pronounced in RRMS 

and absent in SPMS/PPMS [20].Increase in 

neurofilament with normal aging and in 

neurodegenerative disease due to declining 

phosphatase activities during  normal aging leading 

to neurofilament  hyperphosphorylation, and  this 

may alter functions of NF. Hyperphosphorylation 

of NF in age-related neurodegenerative disorders 

has been attributed to activation of multiple protein 

kinases and reduced activity of protein 

phosphatases.These enzymatic changes have been 

implicated in promoting abnormal perikaryal NF 

accumulation, and defective axonal transport 

leading to neuronal cell death increasing its 

realease in CSF and serum.Therefore, raising 

phosphatase activity might reduce the 

hyperphosphorylation of cytoskeleton in aging and 

age-related neurodegenerative disorders. So 

pharmacologic approaches that elevate phophatase 

activity have been shown to have potential 

therapeutic effects in neurological disease models 

[19]. 

In our study there was significant difference in 

serum neurofilament levels between patients 

according to treatment type ( treated on fingilomod 

or on interferon or patients not on modifying 

therapy) with the higher level of neurofilament in 

untreated group  and the lower level of 

neurofilament in patients on fingilomod. 

Fingilomod is the first oral MS disease-modifying 

therapy, Fingolimod can cross the blood–brain 

barrier into the central nervous system to be 

phosphorylated to its active metabolite, 

fingolimod-P. Fingolimod-P then potentially 

interacts with sphingosine1- phosphate receptors 

which located on oligodendrocytes, astrocytes, 

neurons, and microglia, and also on vascular 

endothelial cells of the blood–brain barrier. So that 

Fingolimod can reduce demyelination and promote 

remyelination throught  its direct effects in the 

CNS. Results from phase 3 trials of fingolimod 

found that  the preservation of neural cells and 

axons observed preclinically may be related to the 

efficacy on brain atrophy outcomes observed in 

patients with MS [20]. 

We recommended that neurologist should consider 

adding use of pNF-H serum level to their routine 

laboratory tests in multiple sclerosis patients since 

it is significantly correlated with clinical and 

paraclinical parameters of the disease . 

We recommend using of Fingilomod as DMTs 

because patients with lowest level of pNF-H are on 

Fingilomod treatment, it readily crosses the BBB, 

reduce demyelination and promote remyelination 

via direct effects in the CNS leading to CNS 

preservation effects. 

We also recommend studies on pharmacologic 

approaches that elevate phophatase activity to 

reduce the hyperphosphorylation of cytoskeleton in 

aging and age-related neurodegenerative disorders, 

it will have a potential therapeutic effects in 

neurological disease models. 
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