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IN TRO DUC TION

Mul ti ple scle ro sis (MS) is an au to im mune in flam ma tory
neurodegenerative dis ease of the cen tral ner vous sys tem
(CNS) that usu ally man i fests at a young age [1]. It is one of
the most fre quent neu ro log i cal dis or ders caus ing se vere
dis abil ity, thus im prove ment in di ag no sis and treat ment of
MS is in high de mand [2]. One of the novel di ag nos tic
meth ods is the mea sure ment of a spe cific biomarker –
neurofil a ment pro tein (NFL) – in blood se rum and
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Sum mary. In tro duc tion. One of the new est meth ods that could fa cil i tate the di ag no sis and
treat ment of mul ti ple scle ro sis is the mea sure ment of neurofilament lev els in the blood and
spi nal fluid. Neurofilament chains can be found not only in mul ti ple scle ro sis but also in
other neurodegenerative dis eases. Lat est re search find ings have re vealed that neurofilament
lev els in se rum along with mag netic res o nance im ag ing and clin i cal eval u a tion could help
eval u ate dis ease re lapses and prog no sis. No re search on neurofilament lev els in mul ti ple
scle ro sis pa tients has been done in Lith u a nia so far.

Meth ods. Per mit No. BE-2-73 was ob tained from Kaunas Re gional Bio med i cal Re -
search Eth ics Com mit tee. Us ing ran dom sam pling we ex am ined 28 pa tients with re laps ing-
 re mit ting mul ti ple scle ro sis who were treated for re lapse in the Mul ti ple Scle ro sis Cen tre of
Klai pë da Uni ver sity Hos pi tal. De mo graphic and clin i cal data and dis ease mod i fy ing ther a -
pies were eval u ated. Neurofilament heavy chains lev els in the blood were mea sured us ing
ELISA immunoenzyme as say.

Re sults. The re search in volved 28 pa tients: 64.3% women and 25.7% men. Neurofila -
ment heavy chains lev els in the blood were higher in pa tients with 3 or more func tional sys -
tems af fected, com pared with pa tients with only py ram i dal or cer e bel lar sys tems dam aged
but the dif fer ence was not sta tis ti cally sig nif i cant. Sig nif i cantly higher neurofilament heavy
chains lev els were found in pa tients with hyperintense mag netic res o nance im ag ing T2 le -
sions in both brain and spi nal cord ar eas and with con trast-en hanced le sions. Higher neurofil -
ament heavy chains lev els were as so ci ated with pos i tive oligoclonal bands and pro longed vi -
sual evoked po ten tials. No sig nif i cant cor re la tion be tween dis ease du ra tion, age, dis abil ity,
and neurofilament heavy chains lev els was found. Pa tients with no dis ease mod i fy ing treat -
ment had higher se rum neurofilament heavy chains lev els but the dif fer ence was not sta tis ti -
cally sig nif i cant.

Con clu sion. We found higher se rum neurofilament heavy chains lev els in pa tients with
3 and more func tional sys tems af fected, ra dio log i cal dis ease ac tiv ity, pos i tive oligoclonal
bands, and pro longed vi sual evoked po ten tials. These re sults sup port the hy poth e sis that
neurofilaments could be a prom is ing biomarker for eval u a tion of mul ti ple sclerosis re lapse
and dis ease prog no sis in clin i cal prac tice.
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cerebro spinal fluid (CSF). Neurofilament chains are
axonal pro teins con trib ut ing to the over all struc tural in teg -
rity of neuronal cells. Neurofilament chains are di vided
into three types dif fer ing in mo lec u lar weight: low mo lec u -
lar weight (NFL-L), me dium mo lec u lar weight (NFL-M),
and high mo lec u lar weight (NFL-H). These NFL chains
can be found not only in MS pa tients but also in pa tients
with var i ous other neurodegenerative dis or ders such as
Alz hei mer’s dis ease, amyotrophic lat eral scle ro sis, and
Creutz feldt-Jakob dis ease [3]. Due to axonal demyelin -
ation and neuronal dam age, neurofilaments can be de -
tected in both se rum and cerebrospinal fluid. A strong cor -
re la tion be tween se rum and cerebrospinal fluid neuro -
filament con cen tra tions has been es tab lished so new NFL
stud ies do not re quire re peated lum bar punc tures [4]. Ac -
cord ing to the lat est data, this method could be used not
only as an ad di tional tool for MS prog no sis eval u a tion, but
also for a more ac cu rate as sess ment of re lapses [5–7]. New
stud ies have found a link be tween high mo lec u lar weight
neurofila ments (NFL-H), dis ease re lapses, and dis abil ity
in pa tients with re laps ing-re mit ting mul ti ple scle ro sis
(RRMS) [8]. Fur ther more, the re la tion ship be tween NFL
con cen tra tion and the num ber of le sions, dis ease ac tiv ity
and du ra tion have been dem on strated [7]. Neurofilament
lev els in blood are ex cep tion ally high in pa tients with
amyotrophic lat eral scle ro sis or Creutzfeldt-Jakob dis ease. 
The main el e ment of pathogenesis of these dis or ders is
neurodegeneration which shows that el e vated lev els of
NFL are a sign not only of ac tive demyelination but also of
the pro gres sion of neurodegeneration [9]. When com par -
ing re sults of var i ous stud ies with both low mo lec u lar
weight and high mo lec u lar weight neurofilaments, NFL-L
has shown more prom is ing re sults; nev er the less NFL-H
still plays an im por tant role in MS re search [10]. To date,
no stud ies have been car ried out in Lith u a nia in ves ti gat ing
the re la tion be tween NFL-H and MS. The main goal of this
study is to de ter mine cor re la tion be tween NFL-H and other 
clin i cal and de mo graphic char ac ter is tics of MS.

METH ODS

Per mit No. BE-2-73 was ob tained from Kaunas Re gional
Bio med i cal Re search Eth ics Com mit tee. All pa tients
signed an in formed con sent form. Us ing ran dom sam pling, 
we ex am ined 28 pa tients with re laps ing-re mit ting mul ti ple 
scle ro sis who were treated for re lapse in the Mul ti ple Scle -
ro sis Cen tre of Klaipëda Uni ver sity Hos pi tal from July 17,
2019 to De cem ber 31, 2019. Mul ti ple scle ro sis di ag no sis
was con firmed based on the 2017 Mc Don ald di ag nos tic
cri te ria [11].

De mo graphic (gen der, age) and clin i cal (dis abil ity,
num ber and ac tiv ity of T2 hyperintensive le sions in mag -
netic res o nance im ag ing (MRI), vi sual evoked po ten tial
(VEP), and oligoclonal im mu no glob u lin G-bands (OCBs)
in cerebrospinal fluid) char ac ter is tics were eval u ated. Dis -
ease mod i fy ing ther a pies (DMT) were also eval u ated.
First- line DMT: interferons, glatiramer ac e tate, teri -
flunomi de, and dimethyl fumarate. Sec ond-line DMT:
fingolimod, natalizumab, ocrelizumab, alemtuzumab, and
cladribine. Dis abil ity was as sessed us ing Kurtzke Ex -
panded Dis abil ity Sta tus Scale (EDSS) [12]. The vi sual
evoked po ten tial test is a pain less method to test the elec tri -
cal ac tiv ity of the brain and to de ter mine the de cel er a tion
caused by demyelination [13]. Neurofilament heavy
chains lev els in the blood were mea sured in the Lab o ra tory
of im mu nol ogy and allergology of Kaunas Clin ics by the
ELISA immunoenzyme as say us ing high-sen si tiv ity re -
agents (man u fac turer Euroimmun, Ger many) ac cord ing to 
the man u fac turer’s rec om men da tions. Sta tis ti cal anal y sis
was per formed us ing SPSS 23.0. De scrip tive sta tis tics
were per formed to as sess the re la tion ship be tween in di vid -
ual clin i cal fac tors and neurofilament con cen tra tions,
nonparametric cri te ria and Spearman cor re la tion co ef fi -
cient were used. P val ues be low 0.05 were con sid ered sta -
tis ti cally sig nif i cant.

RE SULTS

Twenty-eight pa tients were in volved in the re search. De -
mo graphic and clin i cal char ac ter is tics of the pa tients are
shown in the Ta ble.

The av er age se rum NFL-H level dur ing a re lapse was
22.2±5.9 pg/ml.

No sta tis ti cally sig nif i cant cor re la tion was found be -
tween se rum NFL-H lev els and pa tient age (cor re la tion co -
ef fi cient 0.127, p=0.521), du ra tion of mul ti ple scle ro sis
(cor re la tion co ef fi cient 0.059, p=0.765), and EDSS scores
(cor re la tion co ef fi cient 0.123, p=0.532).

NFL-H level in pa tients with im paired py ram i dal sys -
tem was 12.6±8.8 pg/mL, im paired cer e bel lar sys tem
0.1±0.01 pg/mL, 3 or more func tional neu ro log i cal sys -
tems im paired 30.0±8.2 pg/mL; (p=0.062).

The av er age se rum NFL-H lev els were sta tis ti cally sig -
nif i cantly higher in pa tients with le sions in the brain and
spi nal cord (Fig. 1a). The av er age se rum NFL-H lev els
were higher in pa tients with MRI ac tiv ity (Fig. 1b).
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Ta ble. De mo graphic and clin i cal data of pa tients with mul ti -
ple scle ro sis

Pa tients n=28

Gen der Fe male=18 (64.3%)
Male=10 (25.7%)

Av er age age, years 41.4±2.3

Av er age du ra tion of mul ti ple
 sclerosis, years

8.8±1.3

Av er age EDSS score 4.2±0.2

Func tional sys tem im paired
 during a re lapse

Py ram i dal=9 (32.1%)
Cer e bel lar=2 (7.1%)
³3 func tional sys tems
17 (60.8%)

MRI brain le sions
MRI brain and spi nal cord le sions

14 pa tients (50%)
14 pa tients (50%)

MRI con trast-en hanced le sions
No MRI ac tiv ity

12 pa tients (42.9%)
16 pa tients (57.1%)



At dis ease on set, pos i tive OCBs were found in 20 pa -
tients (71.4%), neg a tive – in 8 pa tients (28.6%). Higher se -
rum NFL-H lev els were found in pa tients with pos i tive
CSF oligoclonal bands (p=0.046) (Fig. 2a).

Pro longed VEP P100 wave la tency was found in
24 (85.7%) pa tients, VEP re sults were nor mal in 4 pa tients
(4.3%). Higher se rum neurofilament lev els were found in
pa tients with pro longed vi sual evoked po ten tials but the
dif fer ence was not sta tis ti cally sig nif i cant (p=0.07)
(Fig. 2b).

Eight pa tients (28.6%) were treated with first-line
DMT, 17 pa tients (60.7%) with sec ond-line DMT, 3 pa -
tients (10.7%) – no DMT. The av er age se rum neurofila -
ment lev els in the dif fer ent treat ment groups were not sig -
nif i cantly dif fer ent (19.6±11.0 pg/mL vs. 22.3±7.6 pg/mL
vs. 28.7±25.8 pg/mL; p=0.825).

DIS CUS SION

Clin i cal stud ies in healthy in di vid u als have shown that
slightly el e vated NFL con cen tra tions can be also found in
non-MS pa tients and that NFL lev els are age-re lated. It is
also es tab lished that NFL con cen tra tion usu ally in creases
by about 2.2% ev ery year [14]. Con se quently, be fore us ing 
NFL in clin i cal prac tice, clear NFL con cen tra tion lim its
should be set for tar get pop u la tion of dif fer ent age. Ac -
cord ing to our study re sults, 29% of pa tients had lower
con cen tra tion of NFL than the stan dard nor mal range and
7% of pa tients had im mea sur able NFL lev els. These re -
sults show that the in crease of NFL con cen tra tion is found
not in all MS pa tients dur ing a re lapse. Be cause of these

seronegative pa tients (con cen tra tion be low stan dard norm
or im mea sur able), NFL lev els in re lapse dif fer en ti a tion
should not be used alone, but in com bi na tion with clin i cal
eval u a tion and MRI.

When com par ing NFL and MS-re lated func tional dis -
abil ity, pre vi ous stud ies have shown very weak links be -
tween NFL lev els in se rum, EDSS, and age [15]. Our study
also did n’t show a sta tis ti cally sig nif i cant con nec tion be -
tween these val ues. The rea sons ex plain ing these re sults
may lie in a small sam ple size, and also be cause NFL lev els 
in blood se rum in di cate an on go ing pro cess of axonal dam -
age but not al ter ations from pre vi ous re lapses.

The re sults of our re search in di cate that dur ing a re -
lapse, NFL con cen tra tion is higher in pa tients who are not
treated with DMT com pared with those who are treated
with first- or sec ond-line med i ca tions. Even though the
dif fer ence is not sta tis ti cally sig nif i cant, it sup ports the
find ings and re in forces the hy poth e sis that neurodegener -
ation is slowed down and the pro cess of demyelination is
less ex pressed dur ing a re lapse in those pa tients who un -
der went spe cific treat ment. Ac cord ing to the lat est meta-
 anal y sis, not all NFL-L and NFL-H stud ies have shown a
con sis tent re duc tion of NFL lev els in pa tients treated with
DMTs. There fore, in or der to use NFL con cen tra tion in
blood se rum as a treat ment mon i tor ing tool, ad di tional
large sam ple size, ran dom ized con trolled clin i cal stud ies
are nec es sary [16].
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Fig. 1. Com par i son of neurofilament lev els in pa tients with
mul ti ple scle ro sis due to radiologic changes

a) due to le sions in the brain with/with out spi nal cord; b) due to le -
sions ac tiv ity in the MRI

Fig. 2. Com par i son of neurofilament lev els in pa tients with
mul ti ple scle ro sis

a) due to oligoclonal bands positivity, b) due to vi sual evoked po -
ten tial changes



Anal y sis of data of 271 pa tients with clin i cally iso lated
syn drome has re vealed a high prob a bil ity (97% sen si tiv ity) 
of de vel op ing mul ti ple scle ro sis if high lev els of NFL and
pos i tive oligoclonal bands are found in the cerebro spinal
fluid [17]. Our study in di cates that sig nif i cantly higher lev -
els of NFL are found in pa tients who pre sented with pos i -
tive OCBs at dis ease on set. These re sults sug gest that
NFLs to gether with OCBs are valu able prog nos tic MS in -
di ca tors. Dur ing a re lapse, pa tients with con trast-en hance -
ment le sions in the head or neck pre sented with con sid er -
ably higher lev els of NFL. These find ings are sup ported by
pre vi ous stud ies which show that NFL lev els are as so ci -
ated with in flam ma tory ac tiv ity man i fested by clin i cal
symp toms or MRI in pa tients with re laps ing-re mit ting MS
[5, 7, 14]. Our study also shows that higher NFL lev els are
found in pa tients with MRI le sions lo cated in both the brain 
and the cer vi cal part of the spi nal cord, also in pa tients with
elon gated vi sual evoked po ten tials. These find ings sup port 
the hy poth e sis that, dur ing a re lapse, higher lev els of NFL
in blood se rum cor re late with larger- scale MRI le sions and
poorer electrophysiological test re sults, mak ing NFL
 levels a vi a ble ad di tional method for eval u at ing MS re -
lapses.
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NEUROFILAMENTAI KRAUJO SERUME: NEURONØ
PAÞEIDIMO BIOÞYMUO IÐSËTINËS SKLEROZËS
PAÛMËJIMO METU

Santrauka

Ávadas. Vienas naujausiø metodø, galinèiø palengvinti iðsëtinës
skle ro zës diagnostikà ir gydymà, yra specifiniø bioþymenø –
neu ro fi la men tø, koncentracijos matavimas kraujo serume ir lik -
vo re. Neurofilamentø grandinës gali bûti randamos ne tik ið së ti -
nës sklerozës, bet ir kitø neurodegeneraciniø ligø metu. Re mian -
tis naujausiø moksliniø tyrimø duomenimis, neurofilamentø
kon cen tra ci ja kraujyje, kartu su magnetinio rezonanso tyrimu ir
ob jek ty viu iðtyrimu, galëtø padëti ávertinti iðsëtinës sklerozës pa -
û më ji mus ir prognozæ. Tyrimø, kurie nagrinëtø neurofilamentø
kon cen tra ci jà, sergant iðsëtine skleroze, Lietuvoje iki ðiol nebuvo 
at lik ta.

Metodika. Tyrimo protokolas patvirtintas Kauno regioninio
bio me di ci ni niø tyrimø etikos komitete (leidimo Nr. BE-2-73).
At si tik ti nës atrankos metodu Klaipëdos universitetinës ligoninës
ið së ti nës sklerozës cen tre iðtirti 28 recidyvuojanèia re mi tuo jan -
èia iðsëtine skleroze sergantys pacientai, kurie buvo hos pi ta li -
zuo ti dël ligos paûmëjimo. Ávertinti ðiø pacientø demografiniai ir
kli ni ki niai duomenys, taikomas ligos eigà modifikuojantis gy dy -
mas, neurofilamentø koncentracija kraujyje imunofermentiniu
ELISA metodu.

Rezultatai. Tyrime dalyvavo 28 pacientai, sergantys iðsëtine
skle ro ze (64,3 % moterø, 25,7 % vyrø). Neurofilamentø kon cen -
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tra ci ja kraujyje buvo didesnë pacientams, kuriems nustatytas 3 ar

dau giau funkciniø nervø sistemø paþeidimas nei esant pa þeis -

toms tik piramidinei ar smegenëliø sistemai atskirai, taèiau sta tis -

tið kai reikðmingo ryðio tarp ðiø grupiø nenustatyta. Reikð min gai

didesnë neurofilamentø koncentracija buvo rasta pacientams, ku -

riems hiperintensiniai T2 reþimo þidiniai nustatyti galvos bei nu -

ga ros smegenyse ir rasti magnetinio rezonanso aktyvumo po þy -

miai. Taip pat didesnë neurofilamentø koncentracija kraujyje

ras ta pacientams, kuriems nustatytos teigiamos oligokloninës

juos tos ir buvo sutrikæ regos sukeltieji potencialai. Vertinant sà -

sa jas tarp ligos trukmës, pacientø amþiaus, negalios ir neu ro fi la -

men tø koncentracijos kraujyje, statistiðkai reikðmingo ryðio ne -

nu sta ty ta. Gydomiems ir negydomiems ligos eigà mo di fi kuo jan -

èiais vaistais pacientams neurofilamentø koncentracija kraujyje
reikð min gai nesiskyrë.

Iðvada. Nustatytos didesnës neurofilamentø koncentracijos
krau jy je, esant ³3 neurologiniø funkciniø sistemø paþeidimams,
ra dio lo gi niam þidiniø aktyvumui, teigiamoms oligokloninëms
juos toms ir sutrikusiems regos sukeltiesiems potencialams, pa -
gri n dþia hipotezæ, kad ðis tyrimas galëtø bûti diagnostinis pa ûmë -
ji mo ir ligos prognozës vertinimo bioþymuo, naudojamas ir kli ni -
ki në je praktikoje.

Raktaþodþiai: neurofilamentai, iðsëtinë sklerozë, paû më ji -
mas, neurodegeneracija.
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