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ABSTRACT

BACKGROUND: In recent decades, numerous papers have been published exploring various biomarkers of multiple sclerosis
in body fluids. Among these, particular attention should be given to brain-derived neurotrophic factor (BDNF), intercellular
adhesion molecule 1 (ICAM1), neural cell adhesion molecule (NCAM), and the ratio of their concentrations in different types of
multiple sclerosis progression.

AIM: The study aimed to analyze the diagnostic significance of BDNF, ICAM1, and NCAM in patients with different courses of
multiple sclerosis.

METHODS: Blood sampling and assessment of clinical pattern of the disease course were performed in the study group (n = 66)
and the control group consisting of healthy volunteers (n = 15). The study group patients were divided into three subgroups
according to the type of the disease course: relapsing-remitting multiple sclerosis, both treated and non-treated with disease-
modifying therapies (interferons B-1b), and secondary progressive multiple sclerosis. The severity of the patient disability
was determined using the Expanded Disability Status Scale. The average annual frequency of exacerbations and the rate of
the disease progression were calculated. Signs of progression were assessed based on the results of magnetic resonance
imaging of the brain, spinal cord, and optic nerves. BDNF, ICAM1, and NCAM levels were measured using an enzyme-linked
immunosorbent assay kit (Cloud-Clone, China) on a Multiskan GO analyzer (Thermo Fisher Scientific, Finland) with a Wellwash
microplate washer (Thermo Fisher Scientific, Finland) and a PST-60HL-4 plate shaker/thermostat (Biosan, Latvia).

RESULTS: BDNF was increased in the blood serum in the study group patients (all subgroups) compared with the control group.
Statistically significant differences were observed in patients receiving disease-modifying therapy. In the relapsing-remitting
multiple sclerosis group, there was an inverse correlation between BDNF concentration and disability severity, as measured
by the Expanded Disability Status Scale. Serum levels of NCAM were significantly increased in the relapsing-remitting multiple
sclerosis subgroups treated and non-treated with disease-modifying therapies, as compared with the control group. In contrast,
no statistically significant differences were found in serum levels of ICAM1 among patients in the study groups.
CONCLUSION: Increased levels of BODNF and NCAM in patients with relapsing-remitting multiple sclerosis with short disease
duration may indicate the neuroprotective effect of these biomarkers, but may also serve as a predictor of disease exacerbation.
High levels of BDNF during interferon B-1b therapy may indicate inadequate effectiveness of this drug, necessitating a decision
to escalate therapy. In patients with secondary progressive multiple sclerosis, high levels of NCAM may be associated
with increasing disability.
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AHHOTALUA

O6ocHoBaHue. B nocneaHue pecstunetus onybnmkoBaHo 6osbluoe KonmyecTo pabot, Uccnepyowmx pasnuytble 6uomap-
Kepbl Npu paccesHHoM cknepo3e (PC) B xupgKocTsx opraHusMa. Cpeay 3tux buomapKepoB ocobblii MHTEpeC npefcTaBna-
10T MO3roBOM HelipoTpoduyeckuit dakTop (brain-derived neurotrophic factor, BDNF), MoneKysbl MexKneTouHol agresuu 1
(inter-cellular adhesion molecule 1, ICAM1), HelipoHanbHbIe Monekynbl KneTouHoi aaresuu (neural cell adhesion molecule,
NCAM) 1 cooTHOLLEHME UX KOHLIEHTPALMM NpU PasfnyHbIX TUNax TeyeHns u aktueHoctn PC.

Lienb. MpoaHanuaupoBatb anarHoctuyeckyto 3Haunmoctb BDNF, ICAM1 n NCAM y naumeHTOB C pasfivyHbIMM TUNAMM Teve-
Hus PC.

MeToabl. 3a60p KpoBM U OLIEHKY KIIMHUYECKMX XapaKTEPUCTUK TeueHus 3aboseBaHUA NpOBOAMIM B OCHOBHOM rpynne (n=66)
1 KOHTPOJIbHOM TPynne, COCTOALLENA U3 YCNOBHO 3[0P0BbIX A06poBonbLUeB (n=15). MauneHTbl OCHOBHOM rpynnbl ObiK pas-
LeNieHbl Ha TPU NOATPYNNbl B COOTBETCTBMU C TUMOM TeueHUs 3aboneBanus: pemuttupytomin PC (PPC) Ha doHe n be3 Tepa-
NuKM NpenapaTamu, U3MeHsoLMMKU Tedermne 3abonesanus (TUTPC), — untepdepoHbl B-1b; BTopuuHo-nporpeccupytowwmit PC.
BbipaxkeHHOCTb MHBaNWUAM3aLMU MaLMEHTOB OMpefensnm no paclUMpeHHOM LUKane cTaTyca uHBanuausaumu. [poussenéH
PacyeT cpesHerof0Boi 4acToTbl 060CTPEHNN U CKOPOCTU NporpeccupoBaHus 3aboneBaHus. OLeHMBanUCh NPU3HaKKU aKTUB-
HOCTU MO pe3ynbTataM MarHUTHO-Pe30HAHCHOM ToMorpaduu roNIoBHOrO, CMIMHHOTO MO3ra, 3puUTeNbHbIX HepBoB. Wccnepo-
BaHue KoHueHTpauuu BDNF, ICAM1, NCAM ocywiectBnanu ¢ nomoLlbio Habopa ans MMMyHoepMeHTHOro aHanmsa ELISA
(4enosex; Cloud-Clone, Kutait) Ha aHanu3atope Multiskan GO (Thermo Fisher Scientific, ®uHnanamns) ¢ ucnonb3oBaHuem
MnaHLLeTa-0TMbIBaTeNA Ans MMMyHodepMeHTHoro aHanmsa Wellwash (Thermo Fisher Scientific, DuHnanams) v TepMoLuent-
Kepa PST-60HL-4 (Biosan, JlatBus).

Pesynbtathl. Mpu uccneposaHun BDNF obHapyxeHo MoBbILLEHWE KOHLEHTpaLuM 3Toro aKTopa B CbIBOPOTKE KPOBW Na-
LIMEHTOB OCHOBHOM Ipynmbl (BCEX MOATPYNM) MO CPABHEHMIO C KOHTPOJIbHOM, CTAaTUCTUYECKM 3HAYMUMBblE Pa3fMune OTMEYEHbI
y naumenToB, nonydatowmx Ttepanuio NMUTPC. ObHapymeHa obpaTHas Koppensums KoHueHTpauuu BDNF u BbipaxeHHoCTU
MHBaNMaM3aLUUM NO pacLUMPEHHO LUKane cTaTyca uHBanuam3saumm B rpynne naumentos ¢ PPC. KoHueHTpauwsa NCAM B cobiBo-
POTKe KpOBM CTAaTUCTUYECKU 3HAUMMO YBENMYMBANACh MO CPaBHEHMIO C KOHTposieM B noarpynnax PPC Ha doHe u 6e3 Tepanum
MATPC. CraTUCTUYECKW 3HAYMMBIX OTIMYMIA KoHUeHTpaumn ICAM1 B CbiBOpPOTKE KpOBW CPeau MauMeHTOB WCCNef0BaHHbIX
rPynM He MOMTy4YeHo.

3aknioyenue. [NoBbiwenne KoHueHTpaumm BDNF u NCAM npu Hebonbluon pnautensHocti 3aboneBanusa y nauuentos ¢ PPC
MOXET yKa3blBaTb Ha HEMPONPOTEKTOPHBIA 3PdEKT faHHbIX BMOMapKEpPOB, HO B TO }Ke BPEMS CIYXMWTb NpeauKTopoM 060-
CcTpeHus 3aboneBaHus. Bbicokas KoHueHTpauus BDNF Ha doHe Tepanum nitepdepoHom B-1b, Bo3aMoxHo, yKasbiBaeT Ha He-
A0CTaTouHyl0 3h@EKTUBHOCTb AaHHOrO npenapara, yto TpebyeT NpuHATMA pelueHns 06 ackanauum Tepanuu. Y naumeHToB
¢ BTOpUYHO-nporpeccupytomm PC Beicokoe cogepkanne NCAM MoxkeT BbITb CBA3aHO C HapacTaHMeM MHBaMANU3aALMN.
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BACKGROUND

Multiple sclerosis (MS) is a chronic disease
of the central nervous system (CNS) that is characterized
by immune-mediated inflammation and demyelination.
It affects more than 2 million people worldwide [1]. Evaluation
of personalized treatment strategies efficacy for MS requires
more accurate data than simply assessing relapse rates,
disease progression, and measuring early-stage disease
activity with magnetic resonance imaging (MRI) [2, 3].
Therefore, numerous studies have been conducted in the last
decade to identify MS biomarkers in body fluids. Currently,
there is no universal serological biomarker to reliably
diagnose MS [4]. It is often challenging to determine
whether a flare-up is a true relapse or a pseudo-relapse
induced by infection or comorbidities [5]. In addition, there
are virtually no accurate biomarkers of disease progression
and response to treatment. Ideally, a biomarker should have
both diagnostic and prognostic value, correlate with specific
disease activity such as relapse or progression, respond
to treatment, and contribute to the analysis of clinical
trial outcomes. Moreover, an ideal biomarker should be
non-invasive, safe, reproducible, and cost-effective [6].

Identifying the balance between factors of neuroplasticity
and neurodegeneration in different MS courses is of interest.
Brain-derived neurotrophic factor (BDNF) is a neurotrophin
protein produced in the human body. Neurotrophins influence
the mechanisms of neuroplasticity, synaptogenesis, stimulate
neuroregeneration, axon growth, and dendrite branching
to target cells [7].

Intercellular adhesion molecule 1 (ICAM1) and neural
cell adhesion molecule (NCAM) refer to the immunoglobulin
superfamily. ICAM1, through its binding to aLB2 and a4p1
integrins, plays a pivotal role in the interaction of T cells
with the vascular wall endothelium. This interaction
contributes to the increased permeability of the blood—brain
barrier and the development of autoimmune inflammation
in the CNS [8]. NCAMs (also known as CD56) are involved
in cell migration, axon growth, and synapse organization and
modulation. Most studies have examined the concentration
of NCAMs in the cerebrospinal fluid, with their levels
decreasing in patients as MS progresses [9].

AM

The study aimed to analyze the diagnostic significance
of BDNF, ICAM1, and NCAM in patients with different types
of MS.

METHODS
Study Design

An interventional, single-center, cross-sectional,
sampling, controlled, non-blinded, and non-randomized study
was conducted.
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Eligibility Criteria
The study included patients diagnosed with confirmed MS

according to McDonald (2017) criteria who were hospitalized
for a flare-up.

Study Setting

The study was conducted at the Research Institute
of Experimental Biology and Medicine at Voronezh State
Medical University, by a group of scientists, including
members of the Department of Neurology. Blood samples
were taken from patients undergoing inpatient treatment
at the Neurology Department of Voronezh Regional Clinical
Hospital No. 1 before the start of pulse glucocorticoid
therapy.

Study Duration

Blood sampling and assessment of clinical characteristics
of the patient groups were performed between September
and December 2023.

Intervention

The clinical and anamnestic data of the patients, as
well as and the MRI findings, were analyzed. The data were
documented in patient case report forms.

Blood was collected in Vacuette tubes with red caps
(Greiner Bio-One, Austria) before the start of pulse
glucocorticoid therapy. The samples were frozen at -40 °C
and stored for under 4 months.

Main Study Outcome

Serum concentrations of BDNF, ICAM1, and NCAM
in the study patients were determined.

Additional Study Outcomes

Clinical and anamnestic characteristics and MRI findings
of the study patients were documented.

Subgroup Analysis

Blood sampling and assessment of clinical characteristics
of the disease course were performed in the study group
(n = 66) and the control group consisting of apparently
healthy volunteers (n = 15). The participants of the study
group were divided into three subgroups by disease course:
patients with relapsing-remitting MS (RRMS) without
disease-modifying therapy (DMT); patients with RRMS
receiving DMT (beta-1b interferons [INF]); and patients
with secondary progressive MS (SPMS) with flare-ups and
without DMT. The RRMS subgroup was heterogeneous, with/
without MRI disease activity signs.

Outcomes Registration

The severity of patient disability was assessed
using the Expanded Disability Status Scale (EDSS).
The annualized relapse rate (ARR) and the progression rate

113



114

ORIGINAL STUDY ARTICLE

(PR) were calculated. The ARR was estimated as the ratio
of the number of flare-ups to the duration of the MS course.
The PR was estimated as the ratio of the EDSS annual
score to the duration of the MS course. Patients with scores
<0.25 were designated as slow progressors, 0.25-0.75 as
moderate progressors, and =0.75 as high progressors [10].
Additionally, signs of the disease activity were assessed
by MRI of the brain, spinal cord, and optic nerves
(contrast-enhancing demyelination lesions).

The concentrations of BDNF, ICAM1, and NCAM were
analyzed by enzyme-linked immunosorbent assay kit
(for humans; Cloud-Clone, China) on a Multiskan GO analyzer
(Thermo Fisher Scientific, Finland) using a Wellwash
microplate washer (Thermo Fisher Scientific, Finland) and
a PST-60HL-4 plate shaker/thermostat (Biosan, Latvia).
Blood serum was obtained by standard centrifugation
at 3000 rpm for 10 min using an LMC-3000 centrifuge
(Biosan, Latvia).

Statistical Analysis

The sample size was not pre-calculated. Statistical analysis
was performed using StatTech v. 4.1.2 (StatTech LLC, Russia).
The Shapiro-Wilk test was used to evaluate the normality
of distribution of the quantitative parameters. The statistical
significance of observed differences in values was then
determined by means of either the parametric Student's
t-test (p < 0.05) or the non-parametric Mann-Whitney U test
(p < 0.05). In case of normal distribution of the compared
values, the direction and strength of the correlation (r)
between two quantitative parameters were evaluated
using the Pearson correlation coefficient. Conversely,
in case of non-normal distribution of the parameters,
the Spearman’s rank correlation coefficient was used.
The strength of the relationship was determined using
the Chaddock scale, where a score of 0.1 to 0.3 indicates
a weak relationship, 0.3 to 0.5 indicates a moderate
relationship, 0.5 to 0.7 indicates a marked relationship, 0.7 to
0.9 indicates a high relationship, and 0.90 to 0.99 indicates
a very high relationship. A predictive model characterizing
the dependence of a quantitative variable on factors was
developed using the linear regression method. Differences
were considered statistically significant at p < 0.05.

Table 1. Clinical characteristics of patients (M+m)
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RESULTS

Participants

Women predominated in all studied groups. The mean
age of patients was the lowest in the RRMS group and
the highest in the SPMS group. The age of the disease onset
was not significantly different between the groups but was
lower in patients with RRMS. The longest disease duration
was observed in the SPMS group (Table 1).

Primary Results

The BDNF levels were elevated in the blood serum
of the study group patients (across all subgroups)
in comparison with the control group. However, statistically
significant differences were only observed in patients
with RRMS who were receiving INF-beta-1b. The BDNF levels
in the RRMS+DMT subgroup were higher than in patients
with the natural disease course; nevertheless, the differences
were not found to be statistically significant (Table 2). The same
subgroup exhibited a lack of correlations between BDNF and
ARR, PR, and EDSS. However, a statistically significant direct
correlation between ICAM1 and BDNF concentrations was
identified. In the subgroup of RRMS without DMT, a statistically
significant moderate inverse correlation between EDSS scores
and BDNF concentration was observed (Table 3).

Serum NCAM levels showed an increase in the RRMS
subgroups with and without DMT in comparison with the control
group. Statistically significant differences were identified
in the RRMS subgroup without DMT (See Table 2). Within
the RRMS group, a statistically significant increase in NCAM
levels was observed in patients with active MRI lesions in contrast
to patients without evidence of the disease activity as determined
by neuroimaging data (p = 0.02, Mann-Whitney U test).
A markedly close inverse correlation between disease duration
and NCAM levels was observed in SPMS patients, although
the absolute values of this parameter did not differ from those
of the control group. In the same group, a statistically significant
direct correlation was found between NCAM levels and PR, as
well as between NCAM levels and EDSS score (See Table 3).

No statistically significant differences in serum ICAM1
levels among study group patients were observed (See Table 2).
A positive correlation between ICAM1 levels and ARR was
found in the RRMS subgroup without DMT, and a statistically

Clinical characteristics | cControl (0=15) |  RRMS(=24) | RRMSsDMT(n=33) |  SPMS(n=9)
Age, years 33.41.8 372421 38.1£18 498+2.6*
Number of women, % 66.67 67 57 55
Age at first attack, years — 298+2.3 33.3£1.9 32528
Disease duration, years — 6.7+1.0 5308 173+3.0

Note: RRMS, relapsing-remitting multiple sclerosis; RRMS+DMT, RRMS treated with disease-modifying therapy; SPMS, secondary progressive multiple
sclerosis; * differences are statistically significant compared with the control group, p < 0.05; T differences are statistically significant compared with

the RRMS group, p < 0.05.
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Table 2. Concentration of brain-derived neurotrophic factor and adhesion molecules (M+m)

Parameters Control RRMS RRMS+DMT SPMS
BDNF, pg/mL 464.4£55.6 643.7£96.4 817.0+79.0 666.9+100.9
ICAM1, pg/mL 28704271 266.7+203 283.0+26.1 253.6+314
NCAM, ng/mL 14077+269.4 2048.6+401.7* 1803.6+326.1 1456.5+318.8

Note: RRMS, relapsing-remitting multiple sclerosis; RRMS+DMT, RRMS treated with disease-modifying therapy; SPMS, secondary progressive multiple
sclerosis; BDNF, brain-derived neuratrophic factor; ICAM1, intercellular adhesion molecules 1; NCAM, neural cell adhesion molecules; * differences are

statistically significant compared with the control group, p < 0.05.

Table 3. Correlations of serum BDNF, ICAM1, and NCAM levels in patients with different types of MS course and clinical characteristics

Parameters RRMS RRMS+DMT SPMS

r p r p r p
BONF and ICAM1 0.148 0.49 0.546 0.002* -0.103 0.791
BDNF and NCAM 0.262 0.217 0.136 0.474 0.233 0.546
BDONF and ARR 0.173 0.418 0.279 0.135 0.192 0.62
BDNF and PR -0.196 0.358 -0.148 0.435 0 1
BDNF and EDSS score -0.41 0.046* -0.03 0.876 -0.261 0.498
ICAM1 and NCAM 0.236 0.268 0.384 0.036* -0.45 0.224
ICAM1 and ARR 0.349 0.095 0.38 0.039* 0.176 0.651
ICAM1 and PR 0.296 0.16 0.025 0.897 -0.333 0.381
ICAM1 and EDSS score 0.062 0.772 -0.244 0.194 -0.41 0.273
NCAM and ARR -0.023 0.916 0.196 03 0.243 0.529
NCAM and PR -0.146 0.497 -0.097 0.608 07 0.036*
NCAM and EDSS score 0.293 0.165 -0.135 0.475 0.671 0.048*
NCAM and disease duration -0.042 0.844 -0.073 0.701 -0.7 0.036*

Note: RRMS, relapsing-remitting multiple sclerosis; RRMS+DMT, RRMS treated with disease-modifying therapy; SPMS, secondary progressive multiple
sclerosis; BDNF, brain-derived neurotrophic factor; ICAM1, intercellular adhesion molecules 1; NCAM, neural cell adhesion molecules; ARR, annualized
relapse rate; PR, progression rate; EDSS, Expanded Disability Status Scale; * differences are statistically significant, p < 0.05.

significant relationship was observed in the RRMS subgroup
receiving INF-beta-1h. In the RRMS subgroup without
DMT, a statistically significant moderate direct correlation
between ICAM1 and NCAM levels was observed. Conversely,
in the SPMS subgroup, a negative correlation between these
parameters was found. Furthermore, a moderate inverse
correlation between ICAM1 and disease duration in patients
with RRMS was revealed (See Table 3).

Secondary Results

Statistically significant differences in EDSS scores were
observed between the groups. Patients with SPMS demonstrated
the highest scores (Fig. 1). In the RRMS and RRMS+DMT
subgroups, a statistically significant inverse correlation between
disease duration and ARR scores was revealed (r = -0.717;
p < 0.001, and r = -0.625; p < 0.001, respectively). In addition,
an increase in EDSS score was expected with increasing PR and
disease duration in all groups, with statistically significant values
in the SPMS subgroup (r = -1.000; p < 0.005). Furthermore,
male sex was associated with higher PR in the RRMS natural
course group (p = 0.043, Mann-Whitney U test) and with higher
ARR in the RRMS+DMT group (p = 0.010, Mann-Whitney U test).

DOl https://doiorg/10.17816/medjrf636522

Adverse Events
No adverse events were registered.

35

RRMS
M ARR

Fig. 1. Clinical characteristics of patients. RRMS, relapsing-remitting
multiple sclerosis; RRMS+DMT, RRMS treated with disease-modifying
therapy; SPMS, secondary progressive multiple sclerosis; ARR,
annualized relapse rate; PR, progression rate; EDSS, Expanded Disability
Status Scale; MRI, magnetic resonance imaging; * differences are
statistically significant compared with the RRMS group, p < 0.05.

RRMS+DMT SPMS
PR, points/year MEDSS, points M MRI activity
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DISCUSSION

Summary of Primary Results

An increase in BDNF levels was found in the study group
(all subgroups) compared with the control group. NCAM
serum levels were increased in patients with RRMS. ICAM1
serum levels did not show statistically significant differences
between subgroups or compared with controls.

Interpretation

An increase in BDNF levels was observed
in the subgroups of patients compared with the control
group. The results suggest that elevated BDNF levels
are associated with reduced disability severity in patients
with RRMS as measured by EDSS. This may indicate
the neuroprotective and neurotrophic role of this biomarker
in disease exacerbation. Notably, the main sources of BDNF
during flare-ups are CNS neurons and activated T cells and B
cells [11]. Conversely, high BDNF levels in RRMS patients may
serve as a flare-up marker. A statistically significant increase
in BDNF levels was observed in the RRMS subgroup while
on INF-beta-1b therapy. The data on the effect of INF drugs
on the production of this biomarker are ambiguous. However,
several studies have shown a significant increase in BDNF
levels in the blood of patients receiving INF-beta, which has
been attributed to the activation of T cells and the production
of this factor [12-14]. However, the absence of correlations
with the primary clinical characteristics of the disease course
(PR, ARR, and EDSS score) in the present study may indicate
a lack of efficacy of this therapy.

The findings of this study are consistent with those
of previous investigations, thus establishing a correlation
between the inflammatory activity of MS and BDNF
production. During periods of exacerbation, immune cells
secrete neurotrophic factors and engage in interactions
with neurons and glial cells, protecting them from damage
and promoting growth and repair. This phenomenon has
been designated as protective autoimmunity. BDNF, a pivotal
neurotrophin in this context, has been shown to modulate
neuroinflammation and provide neuroprotection in MS [15].
The available data show that, when BDNF production
by unstimulated peripheral blood mononuclear cells was
determined in patients with RRMS in different disease phases,
it was significantly higher during flare-ups, which correlated
with better reversibility of clinical manifestations [16]. A study
of BDNF levels in the blood of patients with RRMS found
a significant overexpression in this parameter during relapse
compared with remission [17].

Conversely, other studies have found decreased levels
of BDNF in the body fluids of MS patients. According
to the findings by Russian research, low plasma BDNF
levels (pg/mL) were found more often in RRMS patients than
in age-matched healthy individuals. However, a statistically
significant positive correlation between BDNF levels and
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the induced anti-inflammatory cytokine IL-10 suggested
its possible immune-modulating properties [18]. Another
study found a decrease in serum BDNF levels (indicating
brain levels of this neurotrophic factor) in MS patients,
regardless of age, sex, and disease duration [19]. A further
study demonstrated an 8% decrease in mean BDNF levels
(p < 0.001) in MS patients compared with controls, with lower
BDNF levels observed in patients with SPMS than in patients
with RRMS (p = 0.004) [20]. Preliminary results of a meta-
analysis of 13 studies demonstrated that MS patients
exhibited statistically significantly lower BDNF levels
compared with control subjects. In addition, a univariate
meta-regression analysis revealed that disease duration
and the proportion of males had a significant negative and
positive correlation with BDNF levels, respectively [21].

The correlation of ICAM1 levels with increased
ARR observed in this study is probably explained
by the pathogenesis of blood—brain barrier damage and
is supported by the published data. With greater disease
duration, a decrease in serum ICAM1 levels would be
expected, probably due to neurodegeneration and a decrease
in the severity of inflammatory changes in the CNS. Previous
studies have found significant differences in ICAM1 levels
in patients from different groups depending on the type
of the disease course and its activity [22]. A study comparing
ICAM1 levels in cerebrospinal fluid and blood plasma
of MS patients and controls showed a statistically significant
increase in the concentration of this marker in MS patients
(p =0.001). In addition, this marker levels were significantly
increased in patients with an exacerbation of the disease
compared to the non-exacerbation group [23].

The findings indicate a statistically significant direct correlation
between MRI disease activity and NCAM levels in patients
with RRMS, suggesting an elevated NCAM content during
MS flare-up. Furthermore, a study documented an increase
in NCAM plasma levels in patients during exacerbation, followed
by its substantial decrease 2—3 weeks after remission onset [24].
In SPMS, the concentration of this biomarker decreases over
time, and there is a statistically significant correlation of NCAM
levels with increasing PR and a degree of disability shown
by EDSS scores, which may be regarded as a lower potential
of neuroprotection in these patients [25].

Study Limitations

The study was limited by the lack of standardized
assessment of interlaboratory comparisons of test results
and reference levels of the studied biomarkers.

CONCLUSION

Elevated levels of BDNF and NCAM, together with a short
disease duration and active autoimmune inflammation
in RRMS, may indicate the readiness of the CNS defense
mechanisms to activate in response to myelin destruction.
This may be regarded as a neuroprotective effect of these
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biomarkers, but also as a predictor of disease exacerbation.
High levels of BDNF during INF-beta-1b therapy may indicate
inadequate efficacy of these drugs, necessitating a decision
to escalate therapy. As the duration of MS increases and
patients progress to the SPMS stage, high NCAM levels may
be associated with increasing disability.
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